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A B S T R A C T  
 

 

Conventional energy sources like fossil fuels are no longer viable due to their limitations and 

environmental impact. The demand for cleaner, more efficient energy solutions has led to the 
development of electric machines with smaller volumes and higher output. The family of permanent 

magnet Vernier motors have high torque output at very low speeds while being very small in volume. In 

conventional SVPM, the core losses are high, which leads to heating and reducing the efficiency of the 
motor, and the power factor of the motor is also low, and the torque can increase in relation to the motor 

volume.  The reluctance torque theory, along with the normal output torque of the motor, increases the 

final torque of the motor. In addition, the toothing of the rotor reduces the cross-sectional area and weight 
of the rotor. With the reduction of the cross-sectional area, the eddy currents in the core are reduced, the 

power factor increases and the efficiency of the motor improves. Therefore, in this paper, a spoke-type 

permanent magnet Vernier motor with a rotor similar to the reluctance rotor has been designed, which 

has higher torque, lower losses, and higher power factor compared to conventional spoke-type permanent 

magnet Vernier motors. 
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1. INTRODUCTION 
 
Permanent magnet motors are used in various industries 

such as electric traction, material forming, and electric 

vehicle industry (1). These motors are used in turbine 

systems due to their high efficiency and low maintenance 

costs (2). Economic reasons, cost competitiveness and 

availability of rare earth magnets are among the reasons 

that have made permanent magnet Vernier motors as well 

as permanent magnet motors important and widely used 

(3). 

Rare earth magnets ultimately reduce the volume of 

the machine due to increased flux density compared to 

other magnets (4). Two kinds of interior PM (IPM) and 

surface mounted PM (SPM) machines are becoming 

candidates in high  speed applications  and Vernier 

machines are used in low speed applications (5). The 

shape of the placement of magnets in these motors has 

caused them to have various applications in the industry, 

of which the Halbach and spoke arrangement is one of 

the newest types (6). In other permanent magnet motors, 

in addition to the type of placement of magnets, the 

reluctance torque theory is used, which operates based on 

two different paths for the flux produced by the armature 

coil in the air gap (7). 

The design of machine controlled with flux by high 

speed, as well as the design of the machine with low 

speed and high production torque, are very important and 

have many applications (8). The idea of the Vernier 

machine was first expressed in 1963 when it was 

proposed as a synchronous motor that has a reluctance 

model (9). The principle of operation of reluctance 

motors is the existence of non-uniform areas with low 

and high magnetic permeability between the stationary 

and moving parts of a motor. In the reluctance Vernier 

motor, the shape of the rotor and stator are made of teeth, 

and the number of teeth is not equal and slightly different. 

In these motors, in the areas where the stator teeth are 

aligned with the rotor teeth, the magnetic permanence is 

higher, and in the areas where the stator teeth are opposite 

to the rotor teeth, the magnetic permanence is lower (10). 

In 1995, a design was given that optimized Vernier 

motors, and in this design, a permanent magnet was used 

to increase the output torque density at the low speed 

(11). This design was named permanent magnet Vernier 

motors (PMVM). 

Torque density has always been an important issue 

regarding Vernier machines (VM), which has been 

addressed over time by presenting different structures. 

These structures include the double rotor structures and 

the double excitation structure, which increase the torque 

density by increasing the area of the air gap (12-14). 

High power factor is important in permanent magnet 

Vernier motors (PMVM) (15). A model for increasing 

the power factor is proposed by Li et al. (16). In this 

design, the magnets are placed in such a way that 

compared to the conventional permanent magnet Vernier 

motors, it has less air gap. In these motors, magnetic flux 

is used in such a way that it has a higher torque density 

than conventional models (17, 18). 

The magnets used on the surface of the rotor of this 

motor are of the rare earth type, which is very expensive. 

Manufacturers can use cheaper magnets to reduce costs 

as reviewed by Du and Lipo (18). The permanent magnet 

Vernier motor that has been reviewed by Liu and Lipo 

(19) uses flux barriers, which causes high torque density 

to be produced. 

In this paper, the permanent magnet Vernier motor 

will be discussed with the reluctance design on its rotor, 

which ultimately has a higher density and average torque 

than conventional permanent magnet Vernier motors. In 

this study, a permanent magnet Vernier machine with a 

flux barrier behind the magnet is designed and a 

reluctance scheme is implemented on it. In this design, 

the air gap between the rotor and the stator is non-

uniform and the rotor is toothed. In this type of motor, in 

addition to the main torque that is produced, the 

reluctance torque caused by the rotor teeth will be created 

and will be added to the main torque of the machine. 

 

 

2. OPERATION PRINCIPLE OF VERNIER MACHINE 
 

The operation of the permanent magnet Vernier motor is 

similar to a gearbox. In gearboxes, the torque of the outer 

rotor is different from the torque of the inner rotor. In 

these motors, the frequency caused by the torque of the 

rotor is different from the frequency caused by rotation, 

and this property is similar to the operation of a gearbox 

(20), so to better understand how to produce torque in 

permanent magnet Vernier motors (PMVMs), studies on 

torque production in gearboxes carried out. 

The family of Vernier machines is very diverse. The 

performance of each of them is different from each other 

and they have different applications in the industry. 

Figure 1 illustrates the geometry of a simple Vernier 

motor. This motor has a toothed stator and a toothed 

rotor. The geometry of this motor is similar to 

synchronous reluctance motors and its torque increases 

as the rotor speed decreases. The stator of this type of 

motor has open slots with uniform winding distribution 

similar to an induction motor. 

The reluctance Vernier motor (RVM) that can be seen 

in Figure 2 has a toothed rotor and a toothed stator [10], 

and in some areas the magnetic permeability between the 

rotor and stator is maximum and in some areas, the 

magnetic permeability is minimum because the air  gap 

between the rotor and stator is uniform.  In these motors, 

sometimes the pitch of the stator slot is larger than the 

pitch of the rotor slot, and sometimes the pitch of the 

rotor slot is larger than the pitch of the stator slot. The 

torque production in RVM depends on the teeth, gaps, 
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and magnetomotive force waveform. The rotor speed of 

RVM is a fixed fraction of the rotation speed of the 

magnetomotive force waveform, which is constant and 

synchronous. 

The permanent magnet Vernier motor shown in 

Figure 3 is another type of Vernier motor family that has 

a magnet placed on its rotor. The air gap between the 

rotor and the stator of these types of motors is uniform. 

In these motors, due to the presence of magnets on the 

rotor, the rotor torque density is higher and as a result, the 

output torque is higher. This motor has the same structure 

as the surface permanent magnet Vernier motor, and their 

difference is in the number of rotor poles and the 

winding, which has more rotor poles. This motor has 

similar teeth on the surface of the stator towards the air 

gap (12). 

 

2. 1. Flux Barrier Design       In permanent magnet 

Vernier machines, there is a virtual gearbox, which is 

suitable for low-speed, high-torque direct drive 

applications. Usually, the gear ratio of this virtual 

gearbox is r

s

p
p

; where 
rp  is the number of rotor poles 

 

 

 
Figure 1. A simple Vernier motor (9) 

 

 

 
Figure 2. Reluctance Vernier motor (RVM) (10) 

 
Figure 3. A simple permanent magnet Vernier machine (13) 

 

 

and 
sp  is the number of stator poles. Figure 4 shows the 

design of a piecemeal flux barrier on the rotor of a 

permanent magnet Vernier machine, abbreviated as 

SVPM (17), is introduced. This type of flux barrier can 

maintain the power factor of the motor and simplify the 

production process of this type of motor for use in the 

industry. 

Figure 5 shows unlike the previous case, the flux 

barriers are placed continuously. The number of these 

flux barriers under each pole is half of the case where the 

flux barriers are placed in pieces under each pole.  

Flux barriers cause the magnetic flux to be locked in 

a specific path between the rotor and the stator. In the 

case where continuous flux barriers are used because the 

iron of the rotor is used less, the iron loss of the rotor is 

reduced, and this causes the heat of the rotor core to 

decrease during operation. Figure 6 shows the 

comparison result between the two cases mentioned 

above.  
 
 

3. DESIGN RELATION OF PERMANENT MAGNET 
VERNIER MACHINE 
 
In this section, the equations governing permanent 

magnet Vernier machines were discussed. These 

equations include torque theory in conventional 
 

 

 
Figure 4. Topology of patchy flux barrier 
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Figure 5. Topology of continuous flux barrier 

 

 
Figure 6. Comparison of the rotor magnetic flux density 

between the two states of continuous flux barrier and patchy 

flux barrier, which indicates the heat of the rotor 

 

 

permanent magnet Vernier machines. The torque caused 

by the magnetic driving force is expressed, and then the 

torque caused by the magnetic flux is given, and after 

that, the theory of torque in permanent magnet Vernier 

machines is discussed. 

 

3. 1. Design Equation         In a permanent magnet 

Vernier machine, the number of slots on the stator is 

obtained as follows (11): 

1 6z pq=  (1) 

where p  shows the number of stator poles and q  shows 

the number of stator slots per phase. For as much as (11): 

2 1z z p= +  (2) 

By inserting Equation 2 into Equation 1, the following 

equation is obtained (4). 

2 (1 6 )z q p= +  (3) 

where the number of rotor slots is obtained. The three-

phase current of the start winding is obtained according 

to Equation 4 (11). 

1 1

2
2 cos( ( 1) )

3
hi i t h


= − −  (4) 

where the value h  depends on the phase. This value is 1 

for the first phase, 2 for the second phase, and 3 for the 

third phase. The magnetomotive force resulting from per 

phase is obtained from Equation 5 (11). 

1 1 (1 6 )

1

1

3
( 1)

2 (1 6 )

cos((1 6 ) )

w lq
N i k

F p l

l p t



 

+
−

= +

 + −

  (5) 

Respectively, 
1N , 

1i , 
(1 6 )w lk +

, 
1 ,   are the number of 

conductors connected in series in the stator winding, the 

effective value of the stator current, the winding factor, 

spatial angle, and the frequency angle of the stator 

current. 

Specific loading in permanent magnet machines is 

obtained as follows (11): 

1 1 13 wk N i
ac

D
=  (6) 

where D  is the inner diameter of the stator core.  The 

polar pitch in permanent magnet Vernier machines is 

obtained from Equation 7 (11). 

2

D

p


 =  (7) 

 

3. 2. The Torque Caused by The Magnetic Driving 
Force           The magnetic driving force and the flux 

density are used to obtain the output torque, which is 

given in Equation 8 (11). 

 

1 1

2

(1 6 )

1 1

2 2 2

3

2

   ( 1) (1 6 )
1 6

   sin ( )

a

w qq

w m m

m

l N i
T z

k
k B B q

q

z t z





  

+

= 

 
 + − + 

+ 

 − +

 (8) 

where 
al  the length of the core and other parameters are 

introduced in the previous equations. Figure 7 shows the 

geometry of the 
2 . 

 

 

 
Figure 7. Geometric view of 

1  and 
2  on rotor and stator 

geometry of permanent magnet Vernier machine (11) 
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If the rotor moves at a constant speed, its angular is as 

follows (11). 

2

m
z


 =  (9) 

The torque equation obtained in Equation 8 is written as 

Equation 9 (11). 

 

1 1

2

(1 6 )

1 1

2 2

3

2

   ( 1) (1 6 )
1 6

   sin

a

w qq

w m m

l N i
T z

k
k B B q

q

z







+

= 

 
 + − + 

+ 



 (10) 

There is a sinusoidal expression in Equation 10. So the 

maximum and minimum torque values can be calculated. 

The maximum and minimum values are respectively at 

2 2
 =   because the sinusoidal expression is placed 

between its minimum and maximum values at these 

points. 

 

3. 3. Torque Due to Magnetic Flux            The magnetic 

flux caused by the magnet on the rotor produces torque. 

The maximum torque produced due to this flux is 

obtained from Equation 11 (11). 

1 1

1 2 1 1

3

2

a

vm w m

l N i
T z k B




=   (11) 

 

3. 4. Torque Theory in SVPM        In SPVM, magnets 

on the surface of the rotor use flux barriers, which are 

called flux barriers because of the use of these flux 

barriers. In these machines, the magnetic flux closes its 

path in such a way that it can perform better in torque 

production and ultimately produce better torque 

compared to conventional permanent magnet Vernier 

machines.  

The magnets on the rotor may be placed on the 

surface of the rotor or buried in the rotor, depending on 

the type of application in the industry. Figure 8 shows a 

view of the SPVM, with a piecemeal flux barrier placed 

on the rotor and behind the magnets.  

The spatial angle of the rotor magnets in the SPVM is 

as follows (18). 

r s rm  = −  (12) 

where the spatial angle of the MMF stator 
r  and spatial 

angle of the rotor magnet 
s  and mechanical rotor 

rotation angle 
rm . In the air gap of SPVM, the flux 

density is calculated through Equation 13 (18). 

ˆ ( ) ( )rg g sPB B =  (13) 

 
Figure 1. A view of the SPVM with flux barrier 

 

 

where the  magnetic permeability ˆ( )P   and the air gap 

flux density ( )g sB   modulated by the stator teeth. 

Finally, the torque in SVPM is obtained from Equation 

14 (11). 

2

0
( )

2

is i

rg sg s

rm

d l
T B F d







=

  (14) 

where the magnetic driving force 
sgF by the permanent 

magnets on the rotor. 

 
 
4. THE PROPOSED RELUCTANCE SPOKE TYPE 
PERMANENT MAGNET VERNIER MACHINE 

 

Nowadays, motors with low heat losses, low noise, low 

weight, and low iron losses are highly regarded (21). 

Conventional SVPMs have a simple circular rotor. In this 

research, the idea of a reluctance motor is taken. The 

basis of reluctance motors is the theory of reluctance 

torque, which is made by a non-uniform and toothed 

rotor. In this paper, a non-uniform and toothed rotor is 

designed for conventional spoke-type permanent magnet 

motors, the resulting reluctance torque comes with the 

help of the main torque of the motor and increases the 

average torque produced from its conventional state. Du 

and Lipo (18) simulated a conventional spoke-type 

permanent magnet Vernier motor. The stator of this 

motor has 4 poles and its rotor has 20 poles, and the motor 

excitation frequency is 66.67 Hz. The average torque 

produced by this motor is around 605 Nm. The idea of 

this paper is implemented on this motor, and it is 

designed in a non-uniform and toothed way so that the 

reluctance torque increases the average torque produced 

by this motor. In other words, the motor designed in this 

paper is a new type of SVPM in which reluctance torque 

is used, which is an RSVPM (Reluctance Spoke Type 

Permanent Magnet Vernier motor). Equation 15 
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generally obtained the method of calculating the core 

losses in an electric machine. 

2

core f lossP KB fn sf=  (15) 

In Equation 15, with decreasing cross-section ( s ), the 

losses decrease. Therefore, toothing the rotor reduces 

core losses. On the other hand, the core leakage factor (

lossf ) also decreases significantly because with toothing 

the rotor, the magnetic field around the rotor is cut off 

and fewer eddy currents flow in the core. Therefore, by 

reducing the weight and core leakage factor, core losses 

are greatly reduced and the efficiency of the motor is 

increased. 

 

4. 1. Equation of Number of Rotor Teeth      
According to Equation 2, the number of rotor teeth can 

be calculated. To calculate the number of rotor teeth, the 

number of stator slots must be calculated first. In an 

SVPM, the number of stator slots is calculated from 

Equation 16 (18): 

3sS Pq=  (16) 

where P  is the number of poles of the rotating magnetic 

field and q  is a quantity related to the winding factor, 

which is 1 for the type of winding. Therefore, by 

substituting Equation 16 into Equation 2, the following 

equation is calculated, which shows the number of rotor 

teeth: 

2 (3 ) (3 1)Z Pq P P q= + = +  (17) 

The number of stator poles is 4. According to Equation 

16, the number of stator teeth is 12 and According to 

Equation 17, the number of rotor teeth is 16. 

 

4. 2. Finite Element Method Analysis       In this 

section, computer simulation in Ansys Electronics 

software is presented in two dimensions. Maxwell 

software can analyze the target motor in transient mode 

(22, 23).  In Figure 9 the rotor teeth are designed as sharp 

teeth. 

In Figure 10 the rotor is designed as a toothed rotor 

with round teeth. 

For RSVPM, the simulation is done for two types of 

rotors designed separately and the torque results are 

reported. The motor design parameters are listed in Table 

1. 

The parameters shown in the SVPM in Figure 11 are 

similar to the RSVPM, and only its rotor is toothed. The 

geometry model of the first simulation of RSVPM is 

shown in Figure 12 and the rotor teeth are sharp in this 

simulation.  

 

 

 
Figure 9. A view of the rotor with sharp teeth in the RSVPM 

 

 

 
Figure 10. A view of the rotor with round teeth in the 

RSVPM 

 

 
TABLE 1. Design Key Dimensions 

Parameters 
Conventional 

SVPM [19] 

Proposed 

RSVPM 

Stator OD/ID [mm] 355.6/261.7 360/262 

Rotor OD/ID [mm] 259.7/133 260/84 

𝐷𝑐𝑠 [mm] 19.8 19.8 

𝐷𝑐𝑟 [mm] 13.5 13.5 

𝜏𝑠 [°] 30 30 

𝜏𝑝𝑟 [°] 18 18 

𝑑𝑝𝑚
𝑤𝑝𝑚⁄  [mm] 20.8/38.9 20.8/38.9 

𝑑𝑏𝑔1
𝑑𝑏𝑔2
⁄  [mm] 0.5/0.8 0.5/0.8 

𝑑𝑏
𝑤𝑏
⁄  [mm] 14.6/10.4 14.6/10.4 

Number of rotor teeth - 16 
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Figure 11. The parameters used in the geometry of the 

SVPM (19) 

 

 

 
Figure 12. A view of the RSVPM with round teeth 

 

 

The simulation done by the finite element analysis 

method is for the round tooth RSVPM. The average 

motor torque is shown in Figure 13. 

The average torque of this motor is 931.8 Nm. Core 

losses are also shown in Figure 14. 

The average loss of the rotor core is 128.31 W. Core 

losses are higher in conventional SVPM. By analyzing 

 

 

 
Figure 13. RSVPM torque diagram and the average value of 

the produced torque with a round-toothed rotor 

 
Figure 14. RSVPM core loss diagram with a round-toothed 

rotor 
 

 

the simulation and drawing the core loss diagram in 

Figure 15, the average value of core loss in SVPM is 

obtained. 

The back EMF diagram for three phases of the 

proposed RSVPM is shown in Figure 16. 

The maximum voltage value in phase A is 283.4 V, 

in phase B is 281.9 V, and in phase c is 282.2 V. The 

direction of movement of magnetic flux lines and 

distribution of flux density is shown in Figure 17. 

Now the second design is done for RSVPM with 

sharp teeth. The result of the finite element method for 

this motor is reported. The average torque produced by 

this motor is given in Figure 18. 

The diagram of core losses in the RSVPM with sharp 

teeth is shown in Figure 19. It can be seen that the core 

 

 

 
Figure 15. Core losses in conventional SVPM [18] 

 

 

 
Figure 16. RSVPM back EMF diagram with a round-

toothed rotor 
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(a) 

 
(b) 

Figure 17. The RSVPM with round teeth. (a) The path of 

the flux lines. (b) Distribution of flux density 

 

 

 
Figure 18. Torque diagram of an RSVPM with sharp teeth 

 

 

loss in this motor is less than that of conventional SVPM 

and it is almost the same compared to RSVPM with 

round teeth. The large difference in core losses between 

the RSVPM and the conventional SVPM is seen in 

Figure 20, which are compared to each other. 

The path of flux lines in RSVPM with sharp teeth is 

shown in Figure 21. In Figure 22, the distribution of the 

magnetic flux density of the motor is also done, which 

shows that the motor does not reach saturation at any 

point. 

 
Figure 19. Core losses in RSPVM with sharp teeth 

 

 

 
Figure 20. Comparison of core losses of RSVPM and SVPM 

 

 

 
Figure 21. The path of flux lines in RSVPM with sharp teeth 

 

 

To calculate the power factor, the voltage and current 

diagrams of the motor are drawn in a coordinate plane 

(24). The horizontal axis of time is common to both 

graphs in the coordinate plane. Then, in the selected 

cycle, the times when the voltage and current become 

zero are extracted and multiplied by the motor excitation 

frequency. The angle between voltage and current is 

calculated using this technique. Then, through the cosine 

between the angle of voltage and current in that cycle, the 

power factor of the motor can be calculated. The power 
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Figure 22. Distribution of flux density in the RSVPM with 

sharp teeth 
 

 

factor in conventional SVPM is 0.62. According to 

Figure 23, which is obtained from the software 

simulation, it can calculate the value of the power factor 

for the RSVPM with sharp teeth. 

1 2 4.9997 6.9328
132.1799

1 1

66.67

sharp

RSVPM

ex

m m

f


− −

= = = −
 

cos( ) cos( 132.1799) 0.6715sharp

RSVPMPF = = − = −  

According to Figure 24, which is obtained from the 

software simulation, it can calculate the value of the 

power factor for the RSVPM with round teeth. 

1 2 4.9998 7.2914
152.7810

1 1

66.67

round

RSVPM

ex

m m

f


− −

= = = −
 

cos( ) cos( 152.7810) 0.8893round

RSVPMPF = = − = −  

To calculate the efficiency, the output power must be 

calculated. With the help of Equations 18 and 19, the 

efficiency can be calculated. 

.

9.5488

m m

out

T N
P =  (18) 

 

 

 
Figure 23. Voltage and current diagram with the common 

time axis in the RSVPM with sharp teeth 

 
Figure 24. Voltage and current diagram with the common 

time axis in the RSVPM with round teeth 
 

 

out

out fe cu

P

P P P
 =

+ +
 

(19) 

where the average torque 
mT , the rotor speed 

mN , the 

output power 
outP , core loss 

feP , copper loss 
cuP  and 

efficiency  .  According to the excitation frequency and 

the number of rotor poles, the rotor speed is 400 rpm. 

Through the simulations, the values of core loss, copper 

loss, and average torque have been calculated for sharp 

tooth and round tooth rotors. Therefore, the amount of 

return can be calculated for each. 

_ 963 . 400
40340.147

9.5488

RSVPM sharp

out

N m rpm
P W


= =  

40340.147
0.9734

40340.147 123.9 979.16

sharp

RSVPM = =
+ +

 

_ 931 . 400
38999.664

9.5488

RSVPM round

out

N m rpm
P W


= =  

38999.664
0.9724

38999.664 128.3 979.16

round

RSVPM = =
+ +

 

According to the calculations, the efficiency in the 

case of the rotor with round teeth is 97.24%, and in the 

case of the rotor with sharp teeth 97.34%. 
Table 2 shows a comparison between the RSVPM 

with sharp teeth the RSVPM with round teeth and the 

conventional SVPM. 

 

 
TABLE 2. Parameters and Performance Comparison 

 Proposed 

RSVM with 

round teeth 

Conventional 

SVPM [18] 

Proposed 

RSVPM with 

sharp teeth 

Machine type VPM VPM VPM 

Magnet type NdFeB/1.2 NdFeB/1.2 NdFeB/1.2 
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SSP 1 1 1 

Stator/rotor 

pole number 
4/20 4/20 4/20 

Stator OD 

[mm] 
355.5 360 355.5 

Stack length 

[mm] 
311 311 311 

Excitation 

frequency [Hz] 
66.67 66.67 66.67 

Power factor 0.88 0.62 0.67 

Torque [Nm] 931 605 963 

Core loss [W] 128.3 671.3 123.9 

 
 
5. CONCLUSIONS 

 

In this paper, permanent magnet motors were 

investigated. First, the conventional spoke-type 

permanent magnet Vernier motor (SVPM) was checked 

and from the simulation, it was concluded that the 

average torque produced by this motor is 605 Nm and the 

core loss of the rotor is 671 watts. Then two types of 

rotors are designed using the reluctance torque theory, in 

the first case, the rotor with sharp teeth, and it was 

observed that in this case, the average torque produced is 

about 963 Nm, which has improved by about 59% and 

the core loss of rotor is about 124 watts, which has 

improved by about 81% compared to the conventional 

SVPM, and this makes the rotor core cooler while 

working. This issue can be seen in the monitoring of the 

magnetic flux density distribution of the motor, In the 

second case, the rotor with round teeth, it was observed 

that in this case, the average torque produced is 931 Nm, 

which is about 53% better compared to the conventional 

SVPM, and of course compared to the sharp tooth type it 

has a lower average torque, but the advantage of a round 

tooth over a sharp tooth is that it has a lower torque ripple. 

Also, in the round tooth type, the core loss of the rotor is 

almost 128 watts, which is 81% better compared to the 

conventional SVPM and it is almost no difference 

compared to the sharp tooth type. Regarding the power 

factor, the power factor has increased by 8.06% in 

RSVPM with sharp-toothed rotors, and the power factor 

has increased by 41.94% in RSVPM with round-toothed 

rotors. 
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Persian Abstract 

 چکیده 
پاک تر و کارآمدتر منجر به   یانرژ  یراه حل ها  ی. تقاضا براستندیقابل دوام ن  گرید  یطیمح  ستیها و اثرات ز  تیمحدود  لیبه دل  یلیفس  یمتعارف مانند سوخت ها  یمنابع انرژ

کم هستند در   اریبس  یبالا در سرعت ها  ی گشتاور خروج  یدارا  یدائم  یآهنربا  هیورن  ی شده است. خانواده موتورها  شتریب  یبا حجم کمتر و خروج  یکیالکتر  یها  نیتوسعه ماش

دندانه دار شدن   ن،یدهد. علاوه بر ا  یم  شیموتور را افزا  ییموتور، گشتاور نها  یمعمول  یهمراه با گشتاور خروج  یگشتاور رلوکتانس  یدارند. تئور  یکم  اریکه حجم بس  یحال

و راندمان موتور    ابدی  یم  ش یقدرت افزا  بیضر  ابد،ی  یدر هسته کاهش م  یگرداب  یها   انیمقطع، جر  سطحشود. با کاهش    یروتور باعث کاهش سطح مقطع و وزن روتور م

  ی دائم  یآهنربا  یر ورن  یبا موتورها  سهیشده است که در مقا  ی طراح یمشابه روتور رلوکتانس  یبا روتور  اسپوکدائم    یآهنربا  یر مقاله موتور ورن  نی رو در ا  ن ی. از اابدی  یبهبود م

 .توان بالاتر است  بیتلفات کمتر و ضر شتر،یگشتاور ب یاراد یمعمول
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