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This thesis focuses on the electromagnetic performance analysis of surface mount
permanent magnet synchronous motors. With the development of the electrification trend,
permanent magnet motors are a key technology in electric vehicles, household appliances,
industrial automation, and other fields, people have higher and higher requirements for
their performance and efficiency. Surface mount technology, as an advanced
manufacturing process, provides new possibilities for motor design and manufacturing.

Permanent magnet motors are divided into permanent magnet DC motors and permanent
magnet AC motors. A permanent magnet AC motor refers to a polyphase synchronous
motor with a permanent magnet rotor, a permanent magnet synchronous motor (PMSM).
This study will conduct an in-depth analysis based on the electromagnetic performance of
the permanent magnet synchronous motor to fully understand its complexity and explore
its potential impact on various applications.

Preliminary research has achieved important results, including an in-depth understanding
of the structure, working principle, mathematical equations, and performance calculation
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methods of permanent magnet synchronous motors, as well as the differences and
advantages of surface-mounted and built-in permanent magnet motors. This study will use
finite element analysis software (ANSYS) to analyze the electromagnetic field of the
example. The design process for a surface-mounted permanent magnet synchronous motor
will be based on an understanding of the compressor application, deriving dimensional
equations, determining the number of slots and poles, and specifying its major dimensions.
Finally, we will optimize the main dimensions and parameters again, calculate the
electromagnetic field, and evaluate the motor performance to achieve high torque density
and efficiency.

Based on the above theory, this article will design and analyze a 2kw permanent magnet
synchronous motor. We will complete basic experimental testing by determining the basic
structural parameters of the motor and utilizing computer-aided electromagnetic design and
finite element simulation.
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SYMBOLS AND ABBREVIATIONS

Roman characters

B magnetic flux density T

H magnetic field strength Alm

H. coercivity A/m

M magnetization Alm

B, residual magnetization T

D motor diameter mm

L motor length mm

T operational temperature <T

P electrical power KW

n rotational speed rpm
number of stator slots

Ny number of pole pairs

m phase number of the motor stator windings

Greek characters

T motor torque Nm
Constants
Uo vacuum permeability 4mx 1077 H/m
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1 Introduction

In the introduction, we will briefly introduce the research background and significance of
permanent magnet motors, outline the research status of surface-mounted permanent

magnet motors and motor analysis methods, and propose the research goals of this article.

1.1 Research Background

Electric motors stand as the cornerstone of modern industrial production, with their
research history dating back to the early 19th century. In 1821, Michael Faraday
discovered that a current-carrying conductor could rotate around a permanent magnet,
signifying that electrical energy could be converted into mechanical energy (Marsh, 2021).
The laboratory model of the motor built accordingly is considered to be the world's first
permanent magnet motor. Arago, a French researcher, pioneered the electromagnet in 1822,
functioning by creating a magnetic field via a coil encircling an iron core. Not long after
unveiling the concept of electromagnetic induction in 1831, Faraday applied this technique
to create the world's first genuine generator—the Faraday disk generator. During that same
summer, Henry built a basic oscillating electric motor, with its moving component being
an electromagnet that moved vertically. When the ends of the wire were alternately
connected to two batteries, the polarity of the electromagnet automatically changed. This
caused it to be attracted or repelled by the permanent magnet, resulting in a movement up
and down at a rate of 75 cycles per minute. Henry's motor demonstrated, for the first time,
continuous motion generated by the attraction and repulsion of magnetic poles, marking
the first genuine application of electromagnets in electric motors. In 1832, Sturgeon
invented the commutator and modified Henry's oscillating electric motor, creating the
world's first rotary electric motor capable of generating continuous motion. In 1834, the
German scientist Jacobi constructed a basic device comprising a six-arm wheel positioned
between two U-shaped electromagnets, with each arm holding two bar magnets. When
energized, the bar magnets were either attracted to or repelled by the U-shaped magnets,
causing the wheel to rotate. This was the first practical electric motor. Subsequently, in

1845, the British scientist Sturgeon replaced permanent magnets with electromagnets. In



1857, he invented the self-exciting electromagnetic generator, marking the beginning of a
new era in electromagnetic excitation methods. By the mid-20th century, with the
emergence and continuous improvement of Alnico and ferrite permanent magnets, various
new types of permanent magnet motors were developed and widely used in different fields.
Furthermore, with the improved high-temperature resistance of neodymium-iron-boron
(NdFeB) materials and the decrease in their cost, motors utilizing NdFeB as the permanent
magnet material have become prevalent in firefighting, industrial, and agricultural

production, as well as in daily life (Al-Khalili, 2015).

1.2 Research Significance

As a core sub-item in motor technology, permanent magnet motors have research value
that cannot be ignored. Now, this significance is mainly concentrated in three main
directions, these include the scientific research of permanent magnet materials, motor
system optimization, and the development of control algorithms. In the field of permanent
magnet material research, there are many choices of permanent magnet materials during
the design process. Choosing materials with higher magnetic energy density will help to
design higher-density and lighter structures. In the field of motor systems, optimizing the
structure of the motor can also reduce magnetic circuit losses and thereby improve motor
efficiency. In addition, for the control algorithm, the highly adaptive intelligent control
system can significantly improve the execution efficiency and performance of the motor,
ensuring that the motor can maintain good operation under different operating

environments and different load fluctuations.

On this basis, surface mount permanent magnet motors are also an innovative direction of
permanent magnet motor technology. Surface mount permanent magnet motors attach
permanent magnets directly to the surface of the motor, improving magnetic field
utilization and achieving higher power density and efficiency. In the electric vehicle and
aerospace industries, this design can improve range and overall performance, thereby
meeting the dual goals of lightweight and improving work efficiency. In summary,
research on surface-mounted permanent magnet motors is expected to provide innovative

solutions for future areas such as clean energy transportation and efficient power systems.
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1.3 The Main Research Content of This Article

In this article, we will design and analyze a 2kW permanent magnet synchronous motor
model for compressors. By acquiring a foundational understanding of permanent magnet
motors, this knowledge will serve as a basis for learning about the structure and operation
methods of surface-mounted permanent magnet motors. Finite element software (ANSYYS)
will be used for modelling. Following the collection of basic data, a computational analysis

of its electromagnetic performance will be conducted.

2 Permanent Magnet Material

The development of permanent magnet motors is closely linked to the permanent magnet
materials used. The development of permanent magnet motors is closely related to the
permanent magnet materials used. The type and characteristics of permanent magnet
materials significantly affect the overall performance and wide range of applications of

permanent magnet motors.

2.1 The Development History of Permanent Magnet Materials

Permanent magnet materials are a specific type of hard magnetic materials that retain a
constant magnetism after being saturated by an external magnetic field. They are important
functional magnetic materials characterized by wide hysteresis loops, high coercivity, and
high residual magnetism. Initially, the main component used for the magnets in permanent
magnet motor rotors was Fe;0,. However, due to its saturation magnetization strength
being only 25% of that of iron (Fe), it could not meet the performance requirements of
motors. Therefore, there was an active search for new permanent magnet materials to

enhance the performance and efficiency of magnets. With the advancement of science and
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technology, research on permanent magnet materials has gone through several stages,
continually yielding new materials with superior magnetic properties. Later research
explored permanent magnets based on carbon steel, alnico, and ferrite. While these
materials met the requirements for some motors and were widely used in military and
industrial fields, they could not meet the high-performance design needs in certain special
situations. After the publication in "Nature” in 1935 of "Nd-Fe Materials with Coercivity
Higher than 340 KA/m™ by researchers in Leningrad, awareness of rare-earth permanent

magnet materials began to grow.

Rare earth permanent magnet materials are powerful permanent magnet materials made of
rare earth element alloys. Samarium cobalt (SmCo) rose to prominence as a foremost rare
earth element in the early 1900s, notable for its superior magnetic energy density and
coercivity. SmCo markedly exceeds conventional ferrite materials regarding the efficacy of
lasting magnet motors. The elevated expense of rare earth elements in the material impedes
its widespread use. Compared with samarium cobalt, the economical neodymium iron
boron (NdFeB) has higher magnetic field strength and higher coercive force, and the cost
of raw material acquisition is lower. This material has become the most widely used

permanent magnet material in contemporary society (Podmiljsak et al., 2024).

2.2 Hysteresis Loop of Permanent Magnet Material (B-H curve)

Hysteresis refers to the phenomenon that during the magnetization and demagnetization
process of permanent magnetic materials, the magnetization intensity of the material
depends not only on the intensity of the external magnetic field but also on its original
magnetization state. These materials can retain a certain level of magnetization even after
the external magnetic field is completely removed, and if demagnetization is required, a
reverse magnetic field at least equal to the material's coercivity must be applied.
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This phenomenon can be graphically represented by a hysteresis loop. Through the
hysteresis loop, we can obtain the residual magnetization (B,.) and coercive force (H,) of
the corresponding permanent magnet material. This alignment increases the overall
magnetization of the material. When all movable magnetic domains are aligned in the
direction of the external field, the material reaches a state of magnetic saturation. In this
state, further increases in the external magnetic field strength do not significantly increase
the magnetic flux density. When the external magnetic field strength decreases, the
magnetic flux density does not fully return to zero. Instead, it leaves a residual magnetic
flux density known as residual magnetization. The reason lies in the fact that without
external forces, the internal magnetic areas won't fully revert to their random configuration
before magnetization. Permanent magnet materials are characterized by the hysteresis
effect, which elucidates that alteration in the external magnetic field leads to the loss of
magnetic energy. Therefore, energy is required to change the magnetization state of the
material when the magnetic field changes. When the magnetic flux density of the material
drops to zero, the corresponding value of the external magnetic field strength is known as
the coercive magnetic field strength, also referred to as coercivity. In the context of the
hysteresis loop, this specific point is situated on the horizontal axis (H-axis), characterized

by a B value of zero (Mercier, Zambelli, & Kurz, 2002).

The demagnetization curve is the part of the main hysteresis loop located in the second
(equivalent to the fourth) quadrant. It specifically outlines the process by which a material
transitions from a saturated magnetized state to a fully demagnetized state. The
demagnetization curve typically starts from the material's saturation point, showing the
trend of the magnetic flux density (B) as the external magnetic field strength gradually
decreases to zero or even becomes negative (Chikazumi, 1997).

In permanent magnet materials, the magnetic field satisfies:

B=poH + poM (1)

In this context, B represents the magnetic flux density, u0 denotes the vacuum permeability

valued at 4nx 1077 H/m, H stands for the magnetic field strength, and M signifies the
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magnetization strength. Under conditions of linear magnetic circuits and scenarios
dominated by air gaps, where nonlinear effects are disregarded, the magnetization curve of
the external magnetic circuit can be approximated as a straight line passing through the

origin (Wang, 2007). This can be expressed as:

B=u,H (2)

3 Structure of Surface Mount Permanent Magnet Motor

This section will focus on the structure and operating principles of surface-mounted
permanent magnet motors and will compare and analyze the differences and advantages

between surface-mounted and interior permanent magnet motors.

3.1 Rotor Structure

The structure diagram of the permanent magnet synchronous motor is shown in Figure 1.

Figure 1. Structure diagram of motor (Tianjin University 2014, Chen, Z.F.).
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The operational principle of permanent magnet synchronous motors (PMSMs) mirrors that
of conventional electrically excited synchronous motors. However, PMSMs distinguish
themselves by utilizing permanent magnets for excitation instead of excitation windings,
simplifying the motor structure. This modification not only reduces manufacturing and
assembly costs but also eliminates the potential issues associated with commutators and
brushes. The absence of an excitation current eliminates excitation losses, significantly
improving the motor's operational efficiency. On the other hand, This also means that the
permanent magnet flux cannot be adjusted, which may limit the performance of the motor
under some operating conditions. Due to the negative excitation current, the efficiency of
the motor in the field weakening region will actually decrease.

Permanent magnet synchronous motors consist of components such as the stator, rotor, and
end caps. The stator of a PMSM generally refers to the stator windings and the stator core.
Currently, stator windings are designed in distributed or concentrated configurations.
Distributed windings are similar to the multi-phase AC windings of asynchronous motors.
Under ideal conditions, the stator windings distributed in the stator slots are intended to
generate a magnetic potential that follows a sinusoidal waveform. Number of slots per pole

and per phase is defined:

q =—2— (3)

2X np X m

where Z is the number of stator slots, n,, is the number of pole pairs of the motor, and m is

number of phases of the motor stator windings.

The rotor of a PMSM primarily consists of permanent magnets, a rotor core, a shaft,
bearings, etc. In surface-mounted permanent magnet motors, the rotor can be either solid or
laminated. The uniqueness of the rotor lies in the direct attachment of permanent magnet
materials to its outer surface, a design that enhances the efficiency of magnetic field

utilization and boosts power output. The rotor's body is usually made of ferromagnetic
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materials, cylindrical in shape, facilitating rotor stability and maintaining an efficient

magnetic flux path.

3.2 Principle of Operation of Surface-Mounted Permanent Magnet Synchronous

Motor

Figure 2 shows a bar magnet with two opposite magnetic poles. The different magnetic
poles of two magnets are opposite to each other, and a force F is exerted on the other end

of one of the magnets.

Figure 2. Apply force F to the bar magnet

Outside the magnet, the magnetic field lines flow from the N-pole to the S-pole, and inside
the magnet, they start from the S-pole and return to the N-pole, thus forming a complete
closed magnetic field line loop. If there is no human intervention, the two magnets will
stick together closely due to the nature of opposite poles attracting each other. In this case,
a force F is applied to the magnet on the left, and the two magnets will move together in

the direction of the force.
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Figure 3. Working principle of permanent magnet motor

Permanent magnet motors work on the same principle. However, the permanent magnet
motor converts electrical energy into magnetic energy to rotate the magnetic field in the

outer ring, attracting the inner magnet to rotate accordingly.

3.3 Differences and Advantages Between Surface-Mounted and Interior

Permanent Magnet Motors

Surface-mounted motors are widely used in three-phase PMSM and permanent magnet
brushless DC motors with a narrow constant power operating range due to their simple
structure, low manufacturing cost, and small rotational inertia. The permanent magnet
poles in the surface-mounted rotor structure make it easy to achieve optimal design, which
can make the air gap magnetic density waveform of the motor tend to be a sinusoidal wave

distribution, thereby improving the operating performance of the motor. However, a
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drawback of this kind of motor is that the permanent magnet is directly exposed to the air

gap magnetic field and is easily demagnetized, so its field weakening capability is limited.

Internal permanent magnet synchronous motor can maximize the use of the reluctance
torque generated by the asymmetry of the rotor magnetic circuit, thereby increasing the
power density of the motor. Compared with the surface-mounted structure, the dynamic
performance of this motor has been improved to a certain extent, and the manufacturing
process is relatively simple. However, its magnetic leakage coefficient and manufacturing
cost are larger than those of the surface-mounted rotor structure. However, such a design is
also conducive to weak field acceleration and can easily improve the safety of high-speed
rotation of the motor. (Chen, Ma, and Li, 2016).

4 Finite Element Method Analysis of Permanent Magnet

Synchronous Motor

In this section of the thesis, we developed a finite element model for the motor under study
and performed mesh division for numerical simulation. By analysing the magnetic flux
distribution and the magnetic flux line diagram of the motor under no-load conditions, we
gained insights into the distribution of the magnetic field and the magnetic flux density of
the motor's core. When the motor operates under load, based on the winding excitation
formula, we analyzed the average torque and torque ripple generated through the
interaction between the stator and rotor, for the purpose of evaluating the torque output
performance of the motor. Additionally, waveform diagrams of the winding current under
load, magnetic flux, and induced electromotive force (EMF), as well as the magnetic flux
density waveforms during motor operation, were presented. Finally, check whether the

motor power meets the predetermined requirement.
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4.1 Finite Element Method

The finite element method is a mathematical approximation method used to simulate real
physical systems and structures, utilizing simple yet interacting elements to approximate
the infinite unknowns of a real system using a finite number of unknowns (Courant, 1943).
The principle of the finite element method involves dividing the object to be solved into a
finite number of small, regularly shaped elements, which are interconnected through
several nodes. By establishing equilibrium equations and boundary constraints within each
element, the performance parameters of each element can be determined. The parameters
of adjacent elements are then transmitted through the nodes, allowing for the overall
performance distribution of the research object's points to be obtained in this manner
(Sadiku, 1968).

4.2 Parameter Settings for Surface-Mounted Permanent Magnet Motors

In the above study, we learned that NdFeB has a high magnetic energy product and good
magnetic properties, and is suitable for use in high-performance motors. We choose
NdFeB as the permanent magnet material, with a rated power of 2kw and a rated speed of
3000rpm. The purpose is to design a low-power and high-speed permanent magnet
synchronous motor. In order to ensure the stability of the motor during operation, the
maximum allowable operating temperature is set to 120<C. After reference and selection,
the main parameters of the permanent magnet synchronous motor discussed in the thesis

are as follows:
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Table 1. Parameters of surface-mounted permanent magnet synchronous motor

Parameter Numerical value
Rated output power (kW) 2
Rated speed (rpm) 3000
Rotor permanent magnet installation method surface mount
Rated torque (Nm) 6.4
Stator outer diameter (mm) 60
Stator inner diameter (mm) 25
Air gap length (mm) 0.5
Rotor outer diameter (mm) 24
Rotor inner diameter (mm) 8
Number of stator slots 12
Number of rotor poles 4
Expected operating temperature (°C) 75
Maximum operating temperature (°C) 120
Permanent magnet material NdFeB
Rated excitation frequency (Hz) 100

The stator uses DW540 50 core material, a type of silicon steel with a high permeability.
Through its lamination manufacturing process, it is possible to reduce the eddy current
losses generated. The thickness of the silicon steel sheet of this material is about
0.35~0.50mm, the thinner the material, the more eddy current losses are reduced. The B-H
curve of this material is presented in Figure 4. It can be observed that a very large magnetic
flux density (B) can be induced with the application of minimal magnetic field strength (H),

indicating that this material possesses efficient magnetization characteristics.

DW&540_50_2DSF0.950 ANSYS

esla)

Figure 4. B-H curve of DW540_50 core material
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In this thesis, the motor winding employs a double-layer, full-pitch winding configuration
with a coil pitch of 3 slots, using an integral slot winding. This winding arrangement is
designed to produce a uniform magnetic field distribution during motor operation, aiming
to reduce torque ripple and enhance operational efficiency. Taking into account a
comprehensive evaluation of current density, temperature rise, mechanical strength, and
cost-effectiveness, copper wire with a diameter of 1.024mm is utilized. This specification
of copper wire is sufficiently thick to carry the required current without overheating, yet

thin enough to reduce material costs and minimize space occupation within the winding.

Figure 5 shows a schematic diagram of the motor setup and winding structure.

Figure 5. Schematic diagram of motor settings and winding structure

Through Figure 5, we can observe that within the 360-degree electrical angle, the three sets
of coils are phased with each other at intervals of 120 degrees electrical angle. Each coil
has an equal number of slots, and adjacent coils differ by four slots. This motor winding
configuration is commonly encountered and exhibits favorable performance.
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The illustrated motor rotor is a 4-pole design, utilizing a surface-mounted permanent
magnet structure. This structure is currently the most widely applied permanent magnet
configuration in permanent magnet synchronous motors, characterized by its simplicity

and high reliability. Figure 6 is a schematic diagram of the rotor structure of the motor.

Figure 6. Rotor structure diagram

The rotor core material and shaft length are maintained the same as those of the stator. The
external diameter is 60mm, and the internal diameter is 25mm. Figure 7 is a schematic

diagram of the stator core arrangement.

Figure 7. Stator core settings
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The permanent magnet material used is NdFe35. The specific parameters of this material

are as follows:

Rielative Permeahility

Bulk Conductivity Simple 625000 siemensdm
M agnetic Coercivity WVectar

- Magnitude Vector Mag -B90000 A_per_meter
- R Component Unit Vector 1

- Phi Component Unit Vector 1}

- £ Component Unit Vector a

Core Loss Model Hone wim™3
Masz Density Simple 7400 kg/m™3
Composition Solid

Young's Modulug Simple a MN/m™2
Poiszon's Ratio Simple a

tagnetostriction Custam Edit |
hhhhhhhhhhhhhhhhhhhhhhhhh P snborn [ i

Figure 8. Material-specific parameter diagram

Through modelling, we can present a finite element model diagram of the motor's overall

structure.

Figure 9. Overall structure of the motor model in the finite element software
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Mesh division of a motor refers to the process of subdividing the model of the motor into
small, computable elements, facilitating numerical simulation and analysis. For finite
element analysis, it is necessary to create a mesh within the air gap region. Mesh division
Is the process of creating these computational domains, and defining the resolution of the
analytical computation. The finer the mesh, the more precise the computational results are,
but the greater the time and resources required for computation. In the example presented
in this article, the finite element division of the motor and the mesh division of the air gap
section are illustrated in the Figure 10. It is observable that the overall division of the
motor is reasonable, and the mesh in the air gap section consists of relatively standard
triangular grids. This common type of mesh can easily adapt to various shapes of

boundaries, meeting the precision requirements of finite element computations.

Figure 10. Finite element section diagram of motor

The zoomed view of the mesh in the air-gap region is shown in Figure 11.
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Figure 11. The meshing situation of the air gap part

From Figure 11, it can be seen that the part with the highest mesh density is the air-gap

area.

Motor stator winding excitation settings:

Figure 12. Stator winding phases A,B, C

In this instance, the vector boundary condition imposed upon the surface of the stator is
specified as 0 Weber per meter, indicating that the magnetic vector potential at this
boundary is designated as zero. This condition adopts a classical Dirichlet boundary
condition, which is instrumental in simulating the magnetic potential at an infinite distance

or under the circumstances necessitating electromagnetic shielding.
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Figure 13. Set vector boundary conditions

Within the framework of finite element analysis, the practice of assigning a null value to
the boundary condition effectively precludes the execution of superfluous computations by

the computational apparatus.

4.3 Magnetic Field Analysis of Surface-Mounted Permanent Magnet Motors

The Figure 14 below illustrates the distribution of magnetic flux density and the magnetic
field lines in the motor under no-load conditions. It can be observed from the diagram that
there is a distinct quadrupole magnetic circuit within the motor, and the magnetic flux
density aggregated in both the stator and rotor cores does not exceed the saturation

threshold of the core material.
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Figure 14. Motor magnetic density distribution cloud chart (no-load)

Figure 15. Motor magnetic field line diagram (no-load)
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The figure presented below depicts the waveform of the cogging torque. As can be
observed from the diagram, the peak-to-peak value of the cogging torque is approximately
254 mNm, which represents around 3.97% of the rated torque (6.4 Nm), ensuring the

smooth operation of the motor throughout its functioning.

Torque Plot 1 noload ANSYS

Curve Info pkZpk
= Maoving1 Targue

Setup! : Transient 254 6820

Moving1.Torgue [mNewionMeter]

T T T T T
0.00 2.00 4.00 6.00 800 10.00

Time [ms]

Figure 16. Cogging torque waveform diagram
The following figure shows the no-load flux linkage induced by the three-phase winding of
the motor:

It can be seen that the obtained No-load magnet link diagram is not a standard sinusoidal
shape. This is because non-linear permanent magnet materials are used. It can be seen that
the image is distorted when the magnetism is saturated.
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noload ANSYS
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Figure 17. No-load magnet link diagram

Motor no-load back electromotive force waveform diagram:
Winding Plot 1 noload ANSYS
750.00 i | Curve Info [ max .
_\/ = InducedVollage{Phassd)
| Setup1 : Transient 7137512
50000 7 _ InducedVollage{Phased)
| Setup1 : Transient T13.7881
25000 _: ;;mm‘?:l:n';::l“lq“%um} 7150803
g 0.00 _:
-250.00 —:
-500.00 —
___/’\ _/\_
-750.00 T T T T T T T T T | T T T T T T T T T T T T
0.00 200 4.00 6.00 £8.00 10.00

Time [ms]

Figure 18. Motor no-load back electromotive force waveform diagram
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4.4 Motor Load Analysis

When the motor winding excitation is defined as follows:

Phase A: ii X 1.414 X sin (2r X 100 Xt + &) (4)
Phase B: ii X 1414 X sin (2w X 100 X t + § — =) (5)
Phase C: i X 1414 X sin (2m X 100 Xt + 6 — =) (6)

Upon the imposition of the specified winding excitation conditions, the motor is subjected
to a load scenario. Within this context, ii delineates the amplitude parameter of the current
excitation, quantified as 1.2A when under load, whereas & denotes the phase angle of the

current.

The graphical representation of the torque waveform under load conditions is depicted in
the ensuing Figure 21. Observation reveals that consequent to the introduction of
sinusoidal alternating current into the armature windings, the rotor produces a consistent
output torque. Quantitatively, this is characterized by an average magnitude of 6.37 Nm
and a torque fluctuation of 12.85% of the rated torque. Therefore, it can be definitively

asserted that the motor exhibits significant proficiency in generating torque output.

Torque Plot 1 load ANSYS

e Curve Info avg pkavg
= Maving1 Targue

Selupi : Transient 63719 0.1285 (S0)

T T T T
0.00 200 4.00 6.00 8.00 10.00

Time [ms]
Figure 19. Load torque waveform diagram
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The load winding current waveform is:

Winding Plot 1

load ANSYS
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Figure 20. Load winding current waveform diagram

The load winding flux linkage and induced voltage waveforms are:

Winding Plot 2 load ANSYS
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Figure 21. Load winding flux linkage waveform diagram
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Winding Plot 3 load ANSYS

Curve Info

= InducedVallags{Phasea)
Setup1 : Transient

= InducedVallags{PhaseB)
Setup1 : Transient

0863
= InducedVollage{PhaseC})
Setup1 : Transient

T T T T T T T
0.00 200 4.00 6.00 8.00 10.00
Time [ms]

Figure 22. Induced voltage waveform diagram

The magnetic flux density waveform under the motor's load condition is depicted in the
figure below. From the illustration, it is observable that when the motor operates under
load conditions, the direction and distribution of the magnetic flux lines are markedly
similar to those under no-load conditions. However, both the density of the magnetic flux
lines and the amplitude of the magnetic flux density experience a significant enhancement.
Overall, the distribution of magnetic flux density within the motor is deemed to be rational.
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Figure 23. Motor magnetic density distribution cloud chart

Figure 24. Motor magnetic field line diagram
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It can be seen from the above analysis that the motor speed is 3000rpm and the motor
torque is 6.4Nm. According to the Tomaszewski formula:

™ = 9550P (7)
Among them, t is the motor torque, n is the motor speed, and P is the motor-rated power. It

can be calculated as:

™m

= - = 2,01 kW (8)

The outcome approximately aligns with the initially proposed 2 kW, thereby fulfilling the

design criteria.
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5. Conclusions

This article focuses on the research of surface-mounted permanent magnet motors. After
fully understanding the materials and structure of the surface-mounted permanent magnet
motor, we designed and modeled the motor with a given power, and used finite element
analysis software (ANSYS) to simulate the electromagnetic field of the motor. After
collecting various data and images, we verified the rationality of the model through

calculations.

The purpose of this paper is to explore the electromagnetic properties of surface-mounted
permanent magnet motors. It can be seen from the simulation results that the periphery of
the stator forms four complete annular loops with the rotor due to energization. Due to the
constant changes in current, the equivalent electrodes formed by the stator continue to
rotate, thereby driving the internal rotor to rotate. This is consistent with the theory of
opposite poles attracting mentioned in the third part of this article and verifies the

correctness of the working principle of the permanent magnet motor.

Through this research, we have a clear understanding of the basic properties of permanent
magnet motors and their finite element analysis process. The finite element method is of
great significance in the design and research of motors. Through accurate magnetic field
simulation, the design cost and time of the motor can be greatly reduced, and it also
facilitates fault analysis and detection. Through finite element analysis software,
researchers can have a deeper understanding of the various parameters of the motor and
where they can be optimized, to design more efficient and suitable motor products. It is
believed that in the future, permanent magnet motors can overcome thermal management
challenges, mechanical strength limitations, and cost issues to explore their wider

application potential in various fields.
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