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*is study performs a dynamic modeling and analysis of the axial uniform demagnetization rotor of a motor to investigate the
demagnetization peculiar for permanent magnet synchronous motor (PMSM). First, the air-gap change in the motor is analyzed by
constructing a dual coordinate system of stator and rotor, and the unbalanced magnetic pull (UMP) model under uniform de-
magnetization and eccentricity is constructed. Second, combinedwith theUMP and the self-gravity, a dynamicmodel of the rotor under
a uniform demagnetization and eccentricity is established. Lastly, the accuracy of the mathematical model of UMP under uniform
demagnetization and eccentricity is confirmed by themutual corroboration ofMaxwell simulation andMATLAB calculation; and based
on the dynamicsmodel, the dynamic characteristics of the rotor system under different degrees of uniform demagnetization are studied.
*is study provides a theoretical basis for the accurate demagnetization fault diagnosis and vibration control of PMSMs in the future.

1. Introduction

*e stability of permanent magnet materials for permanent
magnet synchronous motors (PMSMs) is affected by tem-
perature, magnetic field, chemical factors, and time. Con-
sidering the actual working condition environment of
PMSMs and according to research on the demagnetization
mechanism of PMSMs [1–3], the demagnetization of
PMSMs is inevitable. Substantial research on the demag-
netization of PMSMs has focused on the control of the
motor and the performance of the PMSM after demagne-
tization. Such research has covered the permanent magnet
flux linkage of PMSMs [4–7], the fault-tolerant control of
PMSM demagnetization [8–11], and the finite element
modeling of PMSM demagnetization [12–14].

However, PMSMs often exist as a key component in
practical industrial systems, such as permanent magnet
synchronous wind generators. Not only does the demag-
netization of PMSMs affect the performance of the motor
itself, but the vibration of the motor due to demagnetization
also considerably affects the system where the motor is

located. *us, studying the demagnetization vibration of
PMSMs is crucial.

Existing studies on the demagnetization vibration of
PMSMs are relatively rare. Xiang [15] analyzed the stiffness
characteristics of the rotor system of the PMSM and in-
vestigated the nonlinear dynamic behavior influenced by the
unbalanced magnetic pull (UMP) based on the Jeffcott rotor
model. Liu [16] investigated the nonlinear oscillations of a
PMSM based on a Jeffcott rotor-bearing system and con-
sidered the effects of the UMP, the nonlinear restoration
forces due to the Hertz contact force and bearing clearance,
the rotor weight, and the rotor mass eccentricity.

Some scholars have studied the demagnetization vi-
bration of PMSMs and achieved promising results. How-
ever, the existing research results only consider the UMP
generated by PMSM demagnetization and do not consider
the specific demagnetization form of the permanent magnet
of the PMSM. *at is, only the demagnetization phenom-
enon is considered, and the demagnetization state is not
quantitatively described. *erefore, the resulting dynamic
model does not consider the demagnetization quantitatively.
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Motivated by the above analysis, this study focuses on
the dynamic modeling and analysis of the demagnetizing
rotor of PMSMs. First, the uniform demagnetization state of
permanent magnets is quantitatively described by the de-
magnetization angle and the decrease of air-gap magnet
motive force (MMF) at the demagnetization angle (air-gap
MMF drop percentage); on the basis of this description, the
air-gap change in the motor is analyzed by constructing a
dual coordinate system of stator and rotor, and the un-
balanced magnetic pull (UMP) model under uniform de-
magnetization and eccentricity is constructed. Second,
combined with the UMP and the self-gravity, a dynamic
model of the rotor under a uniform demagnetization and
eccentricity is established. Lastly, the accuracy of the
mathematical model of UMP under uniform demagneti-
zation and eccentricity is confirmed by the mutual cor-
roboration of Maxwell simulation and MATLAB
calculation, and based on the dynamics model, the dynamic
characteristics of the rotor system under different degrees of
uniform demagnetization are studied. *is study provides a
theoretical basis for the accurate demagnetization fault di-
agnosis and vibration control of PMSMs in the future.

2. Nonlinear Dynamic Model of a
Rotor Under Demagnetization

2.1. Dynamical Model of a Rotor System. *e demagnetiza-
tion of the permanent magnet in the rotor of the permanent
magnet synchronous motor (PMSM) results in an uneven
air-gap flux density in the motor, resulting in unbalanced
magnetic pull (UMP) acting on the rotor, which makes the

rotor eccentricity, and the eccentricity of the rotor further
changes the air-gap flux density of the motor, thereby af-
fecting the dynamic characteristics of rotor operation.

Figure 1 shows a schematic of rotor eccentricity under
demagnetization. O and O′ are the geometric centers of the
stator and rotor, respectively; ε(t) is the eccentricity between
the geometric center of the rotor and the stator; R is the
radius of the rotor; δ0 is the average of air-gap length; and
δ(ψ) is the length of the air-gap corresponding to angle ψ in
the rotating coordinate system x′O′y′.

To establish the rotor dynamic model of a PMSM under
demagnetization, this study assumes the following:

(1) All damping is considered as linear viscous damping
in the calculation process, and disregard the effects of
nonlinearity; the concentrated mass method is
adopted without considering the axial motion of
each component [17].

(2) *e case where the rotor’s permanent magnet is
axially uniformly demagnetized is considered. *e
combined amount of changes in the corresponding
air-gap magnet motive force (MMF) caused by de-
magnetization in any axially uniform state of the
permanent magnet can be described by the following
two parameters: demagnetization angle and the
decrease of air-gap MMF at the demagnetization
angle (air-gap MMF drop percentage).

On the basis of the above assumptions, the dynamic
model of the magnetic field-rotor coupling system can be
obtained.

m €x (t) + cxx _x(t) + kxxx(t) � FMx(t), m €y(t) + cyy _y(t) + kyyy(t) � FMy(t) − mg, (1)

where x, y, _x, _y, €x, €y are the displacement, velocity, and
acceleration of the rotor in the x and y axes, respectively; m

is the structural quality of the rotor; cxx, cyy are the oper-
ational damping in the x and y directions; kxx, kyy are the
stiffness of the rotor in the positive directions of the x and y

axes; and FMx(t) and FMy(t) are the UMP in the x and y

directions, respectively.

2.2. Modeling of Demagnetization. *is section analyzes
FMx(t) and FMy(t) mentioned in the previous section.

2.2.1. Air-Gap Flux Density. *e demagnetization of per-
manent magnet in the rotor of permanent magnet syn-
chronous motor (PMSM) results in unbalanced magnetic pull
(UMP), which makes the rotor eccentric. Figure 2 shows a
cross section diagram of rotor demagnetization. With the
centerO′ of the rotor taken as the origin, the rotor rectangular
coordinate system x′O′y′ is established. In such system, the
x′-axis direction is opposite to the center line direction of the
demagnetization angle, and the coordinate system rotates
with the rotor. With the center of the stator O taken as the

origin, the stator stationary coordinate system is constructed
with the initial direction of the x′ and y′ coordinate axes in
the coordinate system x′O′y′ of the rotor. *us, the initial
stator and rotor coordinate systems are parallel.

*e displacement variation of eccentricity between the
stator and rotor of a PMSM is shown in Figure 2. β is half of
demagnetization angle, ψ is the space angle associated with
the x′ axis in the rotating coordinate system x′O′y′, δ0 is the
average air-gap length of the PMSM, and ε(t) is the ec-
centricity scale of the rotor, and θ(t) is the angle between the
connecting line of the stator and rotor center O, O′ and the x

axis. When the rotor runs, it satisfies

θ(t) � ωt + θ0, (2)

where θ0 is the angle between the resultant force of the rotor
and the x′ axis in the rotating coordinate system x′O′y′ and
ω is the rotational angular velocity of the rotor.

ξ(t) � (ε(t)/δ0) is set as the eccentricity ratio of the
rotor. In the rotating coordinate system x′O′y′, the rotor
eccentricity caused by the demagnetization of the permanent
magnet is considered, and the air-gap distribution δ(ψ, t)

can be approximately expressed as follows [18]:
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δ(ψ, t) ≈ δ0 − ε(t)cos ψ − θ0( 

� δ0 1 − ξ(t)cos ψ − θ0(  

� δ0 − x′(t)cos(ψ) − y′(t)sin(ψ),

(3)

where x′(t) � ε(t)cos(θ0) and y′(t) � ε(t)sin(θ0) are the
projection displacements of the eccentric vector in the x′O′y′
coordinate system.*e permeability of the air gap is as follows:

Λ(t) �
μ0

δ(ψ, t)
≈
μ0
δ0

1 + ξ(t)cos ψ − θ0(  

�
μ0
δ20

δ0 + x′(t)cos(ψ) + y′(t)sin(ψ) ,

(4)

where μ0 is the permeability of vacuum.

Considering the demagnetization of the permanent
magnets of a PMSM, the fundamental wave of the air-gap
MMF established by the current in the torque winding and
the permanent magnet field in the rotor of the PMSM is as
follows [18]:

F(ψ, t) � Fδ cos(wt − pψ − u), (5)

where p is the number of pole pairs of the torque winding, Fδ
is the amplitude of the fundamental wave of the air-gap
MMF, u is the spatial initial phase angle of the fundamental
wave of the air-gap MMF, and w is the angular frequency of
the winding current. *e rotation angular velocity ω of the
rotor and the angular frequency w of the winding current
satisfy ω � (60∗ 2∗ π ∗w/p).

In the rotating coordinate system x′O′y′ and in con-
sideration of the axial direction uniform demagnetization of
the rotor of a PMSM, the change of the amplitude of the air-
gap MMF caused by the demagnetization of the permanent
magnet is equivalently mapped to demagnetization angle β
on both sides of the coordinate −x′ axis, and the decrease of
air-gap MMF drops to (1 − ζ)∗ F (at the demagnetization
angle). At this time, the amplitude of the fundamental wave
of the air-gap MMF Fδ is

Fδ �
F, ψ ∈ (−π + β, π − β),

(1 − ζ)F, ψ ∈ (−π, −π + β)∪ (π − β, π),

⎧⎨

⎩ (6)

where β ∈ (0, π) and ζ⩽1 is the decrease of air-gap MMF at
the demagnetization angle (air-gap MMF drop percentage).

In the rotating coordinate system x′O′y′, in consider-
ation of the local demagnetization of the permanent magnet
of a PMSM, the air-gap flux density in the motor is as
follows:

B(ψ, t) � Λ(ψ, t)F(ψ, t)

�
μ0
δ20

Fδ δ0 + x′(t)cos(ψ) + y′(t)sin(ψ) 

cos(wt − pψ − u).

(7)

Assuming that the permanent magnet is in normal
condition and the air gap is uniform, the amplitude of flux
density of air-gap for pair pole p is [18]

B �
μ0
δ0

F

�
μ0
δ0

3
2
4
π

NI

2p
 ,

(8)

where N is the number of turns of each phase of the torque
winding and I is the amplitude of the excitation current of
the torque winding.

2.2.2. Analysis of UMP. *emagnetic tension formed on the
boundary of a magnetic material with varying permeability
(such as air and core) in the magnetic circuit of a PMSM is
called Maxwell force, also known as detent force; the
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Figure 1: *e schematic diagram of rotor eccentricity under
demagnetization.
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Figure 2: *e cross-section diagram of rotor demagnetization.
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direction of the force is perpendicular to the boundary
surface of the magnetic material.

When analyzing the magnetic field of the air gap of a
PMSM, we assume that the magnetic density of the air gap is
symmetrically distributed. At this time, the resultant force of
the Maxwell force is zero. However, considering the local
demagnetization of the permanent magnet in PMSM, the
magnetic density distribution in the air gap of the motor is
not uniform. *us, the resultant Maxwell force is not zero.

*e rotor of a PMSM is subjected to the Maxwell force of
the nonzero resultant force; as such, the rotor produces
eccentricity, and the magnetic density in the air gap of the
PMSM changes, further altering the resultant Maxwell force.
*e larger the eccentricity of the rotor, the greater the
Maxwell force.

In accordance with the Maxwell tensor method, the
magnetic density in the air gap of a PMSM is set as B, and the
Maxwell force acting on the dS area of the rotor surface is as
follows:

dFM �
B
2dS

2μ0
. (9)

*en the component of Maxwell force along the x, y

direction is as follows:

dFMx(ψ) �
B
2
(ψ, t)l0rdψ

2μ0
cos(ψ), (10)

dFMy(ψ) �
B
2
(ψ, t)l0rdψ

2μ0
sin(ψ), (11)

where B(ψ, t) is the distribution of magnetic density in the
air gap; l0 is the effective core length of the rotor; r is the
external diameter of the rotor; and ψ is the space angle.

By substituting equation (7) into equations (10) and (11),
the integral operation of equations (10) and (11) is com-
pleted, and the Maxwell force in the x′, y′ direction can be
obtained under the rotor eccentricity caused by the local
demagnetization of the permanent magnet of the PMSM:

FMx′(t) � 
2π

0
ηκ

l0r

2μ0

μ0
σ20

Fσ 

2

σ0 + c x′(t) cos(ψ) + y′(t)sin(ψ)(  
2cos2(wt − pψ − u)cos ψdψ, (12)

FMy′(t) � 
2π

0
ηκ

l0r

2μ0

μ0
σ20

Fσ 

2

σ0 + c x′(t) cos(ψ) + y′(t)sin(ψ)(  
2cos2(wt − pψ − u)sin ψdψ, (13)

where FMx′(t) and FMy′(t) are UMPs in the direction of the
x′ and y′ coordinate axes in the rotating coordinate system
x′O′y′. Initially, the angle between the coordinate axis of the
rotating coordinate system x′O′y′ and that of stationary
coordinate system xOy is zero. During the operation of the
rotating coordinate system x′O′y′, the angle between the
two coordinate systems is related to the rotational speed of
the rotor, satisfying x � x′ cos(ωt), y � x′ sin(ωt),
y � y′ cos(ωt) ,and x � −y′ sin(ωt). Under stationary co-
ordinate system xOy, the UMP is as follows:

FMx � FMx′(t)cos(ωt) − FMy′(t)sin(ωt), (14)

FMy � FMx′(t)sin(ωt) + FMy′(t)cos(ωt). (15)

Note 1. Considering the actual operation of the motor and
air-gap flux density loss and other factors, set three pa-
rameters of η, κ, c in the UMPmodel (12), (13). For different
types of PMSM, the three parameters η, κ, c are different.
Among them, in the UMP model (12), (13), η is the utili-
zation coefficient of air-gap flux density; κ is the influence
coefficient of demagnetization on air-gap flux density of
motor, when the PMSM is normal, κ � 1. *e c coefficient is
related to the change of air-gap flux density caused by rotor
eccentricity.

Note 2. Equations (12) and (13) are integral formulas, which
shows variable Fδ. Fδ is a piecewise function in equation (6)
which is related to ψ, and so equations (12) and (13) are also
an integral function related to ψ. In the process of integrating
equations (12) and (13), the piecewise change of the de-
magnetization function Fδ should be considered.

Note 3. Based on equations (12) and (13), consider the rotor
speed, and perform coordinate transformation on FMx′(t)

and FMy′(t). *e equations (14) and (15) are the UMP of the
rotor under the directions Ox and Oy in the rectangular
coordinate system xOy of the stator. *erefore, in equation
(1), FMx(t) and FMy(t) are functions related to x(t), y(t)

and Fδ. In our research, the demagnetization of the per-
manent magnet of the PMSM results in an uneven air-gap
flux density, results in unbalanced magnetic pull (UMP),
which makes the rotor eccentric, and the eccentricity of the
rotor further changes the air-gap flux density of the motor,
resulting in UMP changing again.*is further illustrates that
FMx(t) and FMy(t) are functions related to x(t), y(t) and
Fδ. So, equation (1) is the relation between the demagne-
tization parameters (Fδ) and the eccentricity parameters
(x(t), y(t)).

*rough the combination of equation (1) with equations
(12)–(15), the dynamic equation of the magnetic field-rotor
coupling system under demagnetization can be obtained:
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Mr €x €y  + Cr

_x

_y
  + Kr

x

y
  �

FMx

FMy

⎧⎨

⎩

⎫⎬

⎭, (16)

where Mr, Cr, and Kr are the quality, damping, and stiffness
matrix of the rotor system under the demagnetization.

Mr �
m 0
0 m

 , Cr �
cxx 0
0 cyy

 , and Kr �
kxx 0
0 kyy

 .

3. Simulation Calculation and
Dynamic Analysis

In this section, first, we confirm the accuracy of the
mathematical model for unbalanced magnetic pull (UMP)
under rotor uniform demagnetization and eccentricity by
using the mutual verification of Maxwell simulation and
MATLAB calculation. Secondly, according to the established
dynamic model of PMSMs rotor-magnetic field, the char-
acteristics of the PMSMs rotor system under demagneti-
zation are analyzed. Considering the actual model
parameters of PMSM, the parameters are as follows
(Table 1).

3.1. Simulation and Verification of UMP Model. For the
uniform demagnetization of PMSM, this section focuses on
the unbalanced magnetic pull (UMP) model (12) (13) under
the condition of uniform demagnetization and eccentricity.
*e uniform demagnetization and eccentricity of the PMSM
are set by Maxwell software, and the results of simulation
analysis are verified with MATLAB calculation. *e verifi-
cation mainly considers two aspects:

(i) *e accuracy of model (12) and (13)
(ii) Considering the causes of rotor eccentricity (mainly

considering whether the rotor eccentricity is com-
pletely caused by demagnetization), analyzing the
changes of UMP under different eccentric states
under the demagnetization

Figure 3 shows the demagnetization model of PMSM by
Maxwell. Demagnetization is set in the model with the
negative half axis of rotor rectangular coordinate system as
the center line. And Figures 4 to 7 can be obtained through
corresponding parameters setting and simulation.

In Figure 4, set demagnetization angle 2∗ β � (π/2), the
initial eccentric coordinate of the rotor is (0.2, 0.1), and set
the decrease of air-gap MMF at the demagnetization angle
(air-gap MMF drop percentage) ζ as a variable. *e change
trend of the resultant force in directions x, y of the UMP
under the change of air-gap MMF can be seen that, where
the red curve is calculated byMATLAB, and the blue curve is
Maxwell data. By comparing the running trend of the two
curves, it can be concluded that the two curves are basically
consistent.

In Figure 5, set the decrease of air-gap MMF at the
demagnetization angle (air-gap MMF drop percentage)
ζ � 50%, the initial eccentric coordinate of the rotor is (0.2,
0.1), and let demagnetization angle β as a variable. We can
get from Figure 5 the diagram of resultant force in directions
x, y of UMP trend under the change of demagnetization

Table 1: *e main parameters of PMSM.

Variable Unit Value
Average air-gap length, δ0 mm 1
Outer radius of the rotor, r mm 244
Shaft diameter of the rotor, d mm 52
Effective core length, l0 mm 245
Shaft length, l mm 410
Number of pole pairs, p Pair 2
Phase number of motor, Mp Phase 3
Coil turn, N Turn 10
Rotor quality, m kg 76
Stator current, I A 130
Shaft material 40 Cr

Y

XZ

0 100 200 (mm)
Time = –1

Figure 3: *e diagram of UMP trend under the change of air-gap
MMF.
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Figure 4: *e diagram of UMP trend under the change of air-gap
MMF.
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angle, where the red curve is calculated by MATLAB
according to the mathematical model, and the blue curve is
Maxwell data. By comparing the running trend of the two
curves, it can be concluded that the two curves are basically
consistent.

In Figure 6, set the decrease of air-gap MMF at the
demagnetization angle (air-gap MMF drop percentage)
ζ � 50%, the demagnetization angle 2∗ β � (π/2), and the
initial eccentric coordinate of the rotor is (0.2, 0.1). We can
get from Figure 6 the diagram of curve of UMP in directions
x, y, where the red curve is the UMP in direction x, and the
blue curve is the UMP in direction y. In the figure, the
scatter curve is Maxwell simulation data, and continuous
curve is MATLAB calculation data. By comparing the data
calculated by MATLAB based on mathematical model and
Maxwell simulation data, it can be found that the two data
are basically consistent.

In Table 2, set the decrease of air-gap MMF at the de-
magnetization angle (air-gap MMF drop percentage)
ζ � 50%, the demagnetization angle 2∗ β � (π/2). We can
get from Table 2 the data table of UMP variation under
eccentric direction change.

In Figure 7, set the decrease of air-gap MMF at the
demagnetization angle (air-gap MMF drop percentage)
ζ � 50%, the demagnetization angle 2∗ β � (π/2). We can
get from Figure 7 the diagram of resultant force in directions
x, y of UMP trend under the eccentricity change in direction
x.

By analyzing Table 2 and Figure 7, it can be concluded
that when demagnetization is constant, the UMP on the
rotor of PMSM will also change with the change of ec-
centricity direction and eccentricity.

*erefore, by comparing Figures 4–7 and the data in
Table 2, it can be concluded that the model (12) (13) of UMP
under uniform demagnetization and eccentricity can per-
fectly describe the change of unbalanced magnetic pull
(UMP) under different demagnetization states.

3.2. Vibration Characteristics Analysis of Rotor-Magnetic
Field System. *is section mainly analyzes the influence of
UMP on the dynamic characteristics of PMSM caused by
axial uniform demagnetization of permanent magnet.
Considering the rotor eccentricity caused by uniform de-
magnetization of PMSM and the unbalanced magnetic pull
on the rotor, the changes of critical speed and axis orbit of
the rotor system are analyzed.

Considering the uniform demagnetization of rotor, the
influence of demagnetization angle and decrease of air-gap
MMF at the demagnetization angle on rotor dynamic
characteristics is studied. In order to further study the dy-
namic characteristics of rotor under uniform demagneti-
zation, the change of demagnetization angle and decrease of
air-gap MMF on rotor dynamic characteristics is studied in
this section. Assuming that the initial state is the ideal
working state of the motor, the rotor eccentricity caused by
the motor assembly is ignored; that is, the rotor coordinate
system O′(x, y) is consistent with the stator coordinate
system O(x, y) in the initial state of PMSM.

In this section, the dynamic system is solved by the
ode45 solver of MATLAB. Due to the UMP, the system
(16) is time-varying differential equations. Set 1/300 of the
rotor rotation period as a single step; in a single step, the
time variables in the time-varying system (16) are
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Figure 5: *e diagram of UMP trend under the change of de-
magnetization angle.
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Figure 6: *e diagram of curve of UMP in directions x, y.

Table 2: Data table of UMP variation under eccentric direction
change.

Initial eccentric coordinate Maxwell MATLAB
mm (x, y) Data (N) Data (N)
(−0.2, 0.1) 3355 3202
(0.2, −0.1) 3980 3900
(−0.2, −0.1) 3389 3223
(0.2, 0.1) 4050 3950
(0.225, 0) 4136 4120
(−0.225, 0) 3280 3050
(0, 0.225) 3680 3628
(0, −0.225) 3710 3625
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linearized by Lipschitz condition, and the ordinary dif-
ferential equations corresponding to the system (16)
under each step are solved in turn, and finally the time-
varying differential equation system is solved. Calculate
100 rotation cycles, discard the unsteady state data, taking
the solution of steady-state for the next 30 cycles, and
discuss the dynamic characteristics of the rotor in the
speed ω � 3.14 − 628 rad/s.

Figure 8 shows bifurcation diagram of PMSM’s rotor
system with demagnetization angle variation, setting the
decrease of air-gap MMF at the demagnetization angle (air-
gap MMF drop percentage) is ζ � 30%, and the demagne-
tization angle β takes 0 π/6 π/3 π/2 .

It can be seen from Figure 8 that the PMSM is normal.
When demagnetization angle is at β � 0, at this time, the
resultant force of UMP caused by demagnetization is zero, so
the amplitude of the PMSM’s rotor is small. Compared with

Figure 8, When the decrease of air-gap MMF is fixed, and
demagnetization angle β ∈ (0, π/2], with the increase of β,
the nonlinear dynamic characteristics of the rotor system are
enhanced, the resonance peak value of the system increases,
and the critical speed decreases.

Figure 9 shows bifurcation diagram of rotor system with
air-gap MMF drop percentage variation at demagnetization
angle, setting the demagnetization angle 2∗ β � 2∗ π/15,
and the decrease of air-gap MMF at the demagnetization
angle (air-gap MMF drop percentage) ζ takes
0 20% 40% 60% .
It can be seen from Figure 9 that the PMSM is normal.

When air-gap MMF drop percentage ζ � 0, at this time, the
resultant force of UMP caused by demagnetization is zero, so
the amplitude of the PMSM’s rotor is small. Compared with
Figure 9, when the demagnetization angle is fixed, with the
increase of the decrease of air-gap MMF at the
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Figure 7: *e diagram of UMP trend under the eccentricity change in direction x.
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Figure 8: Bifurcation diagram of rotor system with demagnetization angle variation. (a) β � 0, (b) β � π/6, (c) β � π/3, (d) β � π/2.
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Figure 9: Bifurcation diagram of rotor systemwith air-gapMMF drop percentage variation at demagnetization angle. (a) ζ � 0, (b) ζ � 20%,
(c) ζ � 40%, (d) ζ � 60%.
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Figure 10: *e rotor operating state diagram under different demagnetization states at ω � 204.2033 rad/s. (a) Demagnetization states
ζ � 60% and β � (π/15). (b) Demagnetization states ζ � 30% and β � (π/3).
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demagnetization angle (air-gap MMF drop percentage) ζ,
the nonlinear dynamic characteristics of the rotor system are
enhanced, the resonance peak value of the system increases,
and the critical speed decreases.

Figure 10 shows the operating state diagram of the rotor
under different demagnetization states at ω � 204.2033 rad/s.
Figure 10(a) shows the axis orbit, Poincare, phase plane, and
UMP when demagnetization states ζ � 60% and β � (π/15)

are set. Figure 10(b) shows the axis orbit, Poincare, phase
plane, and UMP when demagnetization states ζ � 30% and
β � (π/3) are set. *e comparison and analysis of the above
figures reveal that in the two kinds of demagnetization states
the operating state of the rotor is quasiperiodic; however, the
axis orbit, Poincare, phase plane, and UMP are different
under two demagnetization states.

Figure 11 shows the operating state diagram of the rotor
under different demagnetization states at ω � 471.2385 rad/s.
Figure 11(a) shows the axis orbit, Poincare, phase plane, and
UMP when demagnetization states ζ � 60% and β � (π/15)

are set. Figure 11(b) shows the axis orbit, Poincare, phase
plane, and UMP when demagnetization states ζ � 30% and

β � (π/3) are set. *e comparison and analysis of the above
figures reveal that in the two kinds of demagnetization states
the operating state of the rotor is quasiperiodic; however, the
axis orbit, Poincare, phase plane, and UMP are different
under two demagnetization states.

By comparing Figures 8–11, it can be found that the
influence of different demagnetization states and speeds on
the dynamic characteristics of PMSM’s rotor is different.

4. Conclusion

In this paper, the rotor-magnetic field coupling dynamics
Jeffcott model of permanent magnet synchronous motor
(PMSM) under axial uniform demagnetization is considered.
On this basis, the demagnetization status of permanent magnet
in PMSM is described from two aspects of demagnetization
angle and decrease of air-gap MMF at the demagnetization
angle (air-gap MMF drop percentage), and the influence of
demagnetization on the operation of rotor system is analyzed.
*is study provides a theoretical basis for the accurate fault
diagnosis and vibration control of PMSMs in the future.
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Figure 11: *e rotor operating state diagram under different demagnetization states at ω � 471.2385 rad/s. (a) Demagnetization states
ζ � 60% and β � (π/15). (b) Demagnetization states ζ � 30% and β � (π/3).
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(i) In view of the UMP produced by the uniform de-
magnetization of PMSM causing the rotor eccentricity
to change the air-gap flux density of the PMSM again,
in this paper, the PMSM is modeled and simulated by
Maxwell software. By setting the demagnetization state
and eccentricity state in the model, the UMP data
under different uniform demagnetization and eccen-
tricity states are obtained by simulation.*eUMP data
generated by Maxwell is compared with the MATLAB
data calculated based on the mathematical model
under the same uniform demagnetization and ec-
centricity conditions in this paper, so as to determine
the validity of the UMP model under uniform de-
magnetization and eccentricity.

Meanwhile, this paper simulates by setting different
eccentric states (eccentric magnitude, eccentric an-
gle) of the rotor under the same demagnetization
state. By comparing the UMP data, it can be seen that
the UMP generated by the same demagnetization
state and different rotor eccentricity state has great
difference. *erefore, combined with the model (16)
established in this paper, it can provide a theoretical
basis for the judgment of demagnetization and other
mixed faults of PMSM.

(ii) Based on the rotor-magnetic field coupling dynamics
model of PMSM under uniform demagnetization,
analyzing the influence of demagnetization of the
rotor permanent magnet on the operation of the
rotor system, the following conclusions can be
drawn:

When the decrease of air-gap MMF is fixed, and de-
magnetization angle β ∈ (0, π/2], with the increase of β, the
nonlinear dynamic characteristics of the rotor system are
enhanced, the resonance peak value increases, and the
critical speed decreases.

When the demagnetization angle is fixed, with the in-
crease of decrease of air-gap MMF at the demagnetization
angle (air-gap MMF drop percentage) ζ, the nonlinear
dynamic characteristics of the rotor system are enhanced,
the resonance peak value increases, and the critical speed
decreases.

In different demagnetization states (demagnetization
angle, decrease of air-gap MMF), the axis orbit, Poincare,
phase plane, and UMP have unique characteristics. So, the
demagnetization state can be reflected from the axis orbit,
Poincare, phase plane, and UMP, which provides a theo-
retical basis for the accurate fault diagnosis and vibration
control of PMSMs in the future.
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