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Abstract: In order to study the magnetic field model and transmission characteristics of radial solid permanent magnet coupler deeply, an 11 kW experimental prototype of 
solid permanent magnet coupler is taken as the object, its operation principle is analyzed in detail, and based on moving magnetic field theory and transient eddy current 
equation, a complete magnetic field model is established by finite element difference method, distribution of electromagnetic field is solved and the mechanical characteristics 
curve is drawn, the rated torque, starting torque and maximum torque of the experimental prototype are obtained, operating parameters of the experimental prototype meet 
the design objectives and have certain overload protection functions. Based on the theory analysis, the structural design and processing assembly of the experimental 
prototype are completed. An experimental platform was built, the correctness of electromagnetic torque calculation process was verified by dynamic loading experiments. 
Furthermore, the fluctuating load buffering experiment was performed, and the load fluctuation was reduced to 30%, which proved the flexible transmission characteristics 
and impact relieved function. 
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1 INTRODUCTION  
 

As a novel torque transmission device, permanent 
magnet coupler conduct non-contact torque transmission 
by magnetic field coupling principle. It reduces 
disadvantages of noise, vibration, friction and wear caused 
by traditional transmission technology [1, 2], and has 
advantages such as cleaning, high efficiency and energy 
saving [3, 4], so permanent magnet coupler has 
wide application prospect [5]. 

At present, many scholars have made some 
achievements in this technology. Wallace et al. [6] 
proposed a structure of disk type permanent magnet 
coupler, in which the magnetic field generated by the 
permanent magnet rotating under the driving shaft cuts the 
conductor disk, generates eddy currents on the conductor 
disk to form a reactive magnetic field, and achieves 
rotational driving through the coupling effect of the 
magnetic field. Canova et al. [7] studied the design method 
of axial permanent magnet coupler, conducted theoretical 
analysis using Variable Separation Method (VSM), 
established two-dimensional and three-dimensional 
magnetic field models, and conducted detailed research on 
operating parameters. Canova et al. [8] proposed the 
structure of a radial asynchronous magnetic coupling, 
extended it to a double-layer permanent magnet structure, 
and optimized the structural parameters to determine their 
impact on electromagnetic torque. Cha et al. [9] 
investigated the different magnetization directions 
influence of permanent magnets on the electromagnetic 
torque, and analyzed and calculated the magnetic field of 
structures with different magnetization directions by finite 
element analysis. Sajjad et al. [10] constructed an 
experimental prototype of disk permanent magnet coupling 
and analyzed it by three-dimensional finite element 
method. Lubin et al. [11] derived the output torque 
calculation model of disk type magnetic coupler under 
condition of small speed difference by Maxwell stress 
tensor method, and analyzed transmission performance of 
magnetic coupler under static and transient conditions. Ge 
et al. [12] proposed a magnetic coupler with a squirrel cage 
structure, and analyzed magnetic field model and 

transmission characteristics. Vahid et al. [13] obtained 
optimal parameter combination of permanent magnet disk 
and conductor disk and established a steady-state model. 
Yang et al. [14] took a slotted disk magnetic coupler as 
research object, and used finite element software to 
simulate the mechanical characteristic curve, speed 
regulation characteristic curve and power characteristic 
curve. Yang et al. [15] proposed a structure of radial 
permanent magnet coupling with an outer cage rotor, 
derived electromagnetic torque equation by magnetic 
circuit method, and conducted in-depth research on 
electromagnetic torque, transmission efficiency, and heat 
generation of this structure. 

In addition, many enterprises have also invested in the 
industrial application of magnetic couplers. Magna Drive 
Company has developed a disc type magnetic coupler with 
speed regulation function and conducted application 
experiments on industrial sites, which has functions such 
as soft start and speed regulation [16]. The axial permanent 
magnet coupler products produced by Magna Magnetic 
Power Co. Ltd. are applied in industrial fields such as 
metallurgy, mining, petrochemicals and power, with 
transmission power of up to 500 kW [17]. 

In conclusion, permanent magnet couplers are mainly 
divided into axial (disc) permanent magnet couplers and 
radial (cylindrical) permanent magnet couplers according 
to their structural forms. The development of axial 
permanent magnet couplers was earlier (in 1995), it uses 
the induced eddy current magnetic field in copper discs to 
couple with the permanent magnet magnetic field for 
magnetic transmission, its structure is simple and has been 
applied in industry. But due to the limitation of magnetic 
saturation in air gap, the axial permanent magnet couplers 
need to increase the diameter in order to obtain a larger 
transmission torque, resulting in excessive rotational 
inertia of transmission system, so this structure is difficult 
to promote and apply in high-power equipment (above 500 
kW). The research on radial permanent magnet couplers 
started relatively later (in 2005), this structural form can 
obtain a larger air gap magnetic field area by increasing the 
axial length of the rotor, so it can obtain a larger 
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electromagnetic torque with a smaller diameter, making it 
easier to achieve high-power applications. 

According to the analysis of above, most research has 
focused on axial permanent magnet couplers, while 
research and development on radial permanent magnet 
couplers are relatively limited, especially in terms of 
magnetic field analysis and transmission characteristics. So 
an 11 kW radial solid permanent magnet coupler is taken 
as research object in this paper. Based on theory of string 
magnetic field and transient eddy current equations, a 
complete magnetic field model is established by finite 
element difference method, and the distribution of the 
electromagnetic field is analyzed in detail. On the basis of 
the above, a mechanical characteristic curve reflecting 
transmission performance was drawn, and an experimental 
platform was built to verify the theoretical analysis. 

 
2 BASIC STRUCTURE AND WORKING PRINCIPLE 

 
The basic structure of radial solid permanent magnet 

coupler includes permanent magnet outer rotor and 
conductor inner rotor, and there is a uniform air gap 
between them, as shown in Fig. 1. 

 

 
Figure 1 Basic structure of radial solid permanent magnet coupler 

 
The permanent magnet outer rotor is composed of 

permanent magnet blocks and outer rotor core. The 
permanent magnet blocks are generally arc-shaped or 
rectangular blocks arranged in pairs along circumferential 
direction, they are magnetized in the radial direction, and 
the magnetization directions between adjacent two blocks 
are opposite. The outer rotor core is generally made of low-
carbon steel, and permanent magnets are embedded on 
inner surface of the outer rotor core. 

The conductor inner rotor is composed of inner rotor 
core and copper sleeve. The inner rotor core is also made 
of low carbon steel and the copper sleeve is generally made 
of red copper with high conductivity. 

The working principle of radial solid permanent 
magnet coupler is shown in Fig. 2. 

 

 
Figure 2 Working principle of radial solid permanent magnet coupler 

In Fig. 2, the outer rotor is connected to motor as input 
end, and the inner rotor is connected to load as output end. 
Permanent magnetic field formed by permanent magnet 
blocks rotates with outer rotor and cuts copper sleeve, 
which generates induced electromotive force and eddy 
current in copper sleeve. Under action of Lorentz force, 
electromagnetic torque transmission between the inner and 
outer rotors is realized. The working process is a slip torque 
transmission, there is no mechanical contact, so 
transmission mode has flexible characteristics, which can 
greatly reduce the impact of load fluctuation on motor. 
Furthermore, speed regulating device can be designed to 
change coupling length between inner and outer rotors, 
which can realize stepless speed regulating function under 
certain conditions. 

This paper focuses on transmission characteristics and 
reduces the impact of load fluctuation, so an 11 kW 
experimental prototype of fixed coupling length is 
designed and analyzed. The operating parameters of 
prototype include input speed is 1500 rpm, rated output 
speed is 1458 rpm, and rated torque is 72 Nm. The basic 
end face structure is shown in Fig. 3. 

 

 
Figure 3 End face structure of experimental prototype 

 
In Fig. 3, R1 is outer radius of copper sleeve, R2 is inner 

radius of permanent magnet block, R3 is outer radius of 
outer rotor core, h is air gap length, ap is width of 
permanent magnet block and H is thickness of copper 
sleeve. 

The permanent magnet block is half tile type structure, 
inner surface is an arc surface, and surface embedded in 
outer rotor core is a plane. In order to ensure positioning of 
permanent magnet block in circumferential direction, inner 
surface of outer rotor core is an uniform groove structure, 
so there is a certain gap between permanent magnet blocks. 
The copper sleeve is pressed on the inner rotor core by 
interference. The dimensions parameters are shown in Tab. 
1.  

The material parameters are shown in Tab. 2. 
 

Table 1 Basic structural dimensions of prototype 
Structural parameters Value 

Pole pairs of permanent magnets 9 
Outer radius of outer rotor/ mm 177,5 
Inner radius of outer rotor / mm 142,5 

Thickness of permanent magnet / mm 15 
width of permanent magnet / mm 47,6 
Outer radius of inner rotor / mm 141,5 
Inner radius of inner rotor / mm 60 

Axial coupling length / mm 60 
Air gap length / mm 1 
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Table 2 Material parameters of prototype 
Material parameters Value 

Outer and inner rotor core Q235 
Permanent magnet material NdFe35 

copper sleeve material Cu-ETP 

 
3 MAGNETIC FIELD ANALYSIS 

 
Based on moving magnetic field theory, according to 

Fig. 3, the radial solid magnetic coupler is expanded along 
air gap surface, as shown in Fig. 4. 

 

 
Figure 4 Magnetic circuit analysis 

 
As shown in Fig. 4, under load state, mechanical 

angular velocity of outer rotor rotation is Ω0, mechanical 
angular velocity of inner rotor rotation is Ω1, Ω0 ≥ Ω1, and 
slip difference between the inner and outer rotors Ωs can be 
expressed as Eq. (1). 
 

 0 1 0 1 1S n n R                   (1) 

 
where, n0 is rotation speed of outer rotor andn1is rotation 
speed of inner rotor. 

In Fig. 4, B1 is magnetic induction intensity provided 
by permanent magnet blocks, B2 is reactive magnetic 
induction intensity produced by induced current in copper 
sleeve. The synthetic magnetic induction intensity Bm is 
formed by superposition of B1 and B2. 

As shown in Fig. 4, the magnetic fields are coupled and 
interact with each other, Bm rotates synchronously with 
outer rotor, due to slip difference between the inner and 
outer rotors, induced current are generated in the copper 
sleeve, which generates the reactive magnetic induction 
intensity B2, B2 reacts on Bm, and affecting B1 at working 
point of permanent magnet block. It is difficult to directly 
calculate magnetic field distribution by analytical method, 
so the magnetic field model of finite difference method is 
established in this paper and solved by the iterative method 
of successive linearization. 

 
3.1 Magnetic Field Model 

 
According to structure shown in Fig. 3, the magnetic 

field of radial solid permanent magnet coupler can be 
analyzed as a two-dimensional field. Fig. 5 shows end face 
structure of one pair of poles. 

Take Fig. 5 as solution domain, shape of boundary and 
interface is irregular, and distribution of ferromagnetic 
medium and current carrying conductor is complex. 
Considering magnetic saturation, a nonlinear magnetic 
field model under load can be established and solved by 
finite difference method. The solution domain A-B-C-D 
can be divided into 5 domains according to material 
properties. Domain I is outer rotor core, domain II is 

permanent magnet block, domain III is air gap area, 
domain IV is copper sleeve area and domain V is inner 
rotor core. 
 

 
Figure 5 End face structure of one pair of poles 

 
Domain I and domain V are soft magnetic materials, 

under magnetic saturation condition, relationship between 
magnetic reluctivity and magnetic induction intensity is 
nonlinear. According to material properties, relationship 
between magnetic reluctivity v and magnetic induction 
intensity B can be shown in Fig. 6. 

 

 
Figure 6 Relationship between magnetic reluctivity and magnetic induction 

intensity 
 

Domain II is permanent magnet block, the magnetic 
reluctivity vⅡ = 7,96 × 105 m/H and its demagnetization 
curve in working state is shown in Fig.7. 

 

 
Figure 7 Demagnetization curve of permanent magnet block 

 
In Fig. 7, the working point of permanent magnet block 

can be determined by magnetic induction intensity B 
according to intersection of demagnetization curve. 



Junyue YANG, Yanjun GE: Study on Magnetic Field Modeling and Transmission Performance of Radial Solid Permanent Magnet Coupler 

1024                             Technical Gazette 31, 4(2024), 1021-1029 

Domain III is air gap, the magnetic reluctivity of air is 
vIII = 7,96 × 105 m/H, it is conversion region of magnetic 
field energy. 

Domain IV is copper sleeve, the magnetic reluctivity 
is vIV = 7,96 × 105 m/H. Under load condition, induced 
electromotive force E will be generated in domain IV, and 
a reactive magnetic field will be generated to weaken 
magnetic field of permanent magnet. According to theory 
of moving magnetic field, induced electromotive force E 
can be expressed by Eq. (2): 
 

 S
B

E J B
t

 
     


rot rot rot       (2) 

 
where, σ is electrical resistivity, σ = 1,75 × 10-8 Ωm, J is 
current density, t is time, rot is curl symbol. 

The interface conditions of different domain can be 
determined according to principle of magnetic field 
refraction, as shown in Eq. (3). 
 

1 1 1 2 2 2

1 1 2 2

cos cos

sin sin

H H

H H

   
 

 
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        (3) 

 
where, μ1 and μ2 are magnetic permeability of two media at 
the boundary, H1 and H2 are magnetic field intensity of two 
media at boundary, θ1 and θ2 are angle between magnetic 
induction intensity and interface direction in two media. 

The vector magnetic potential A can be introduced, as 
shown in Eq. (4). 
 
B A rot            (4) 

 
Since solution domain is a two-dimensional field, only 

the components in z direction Az are considered, and the 
boundary conditions of solution domain can be expressed 
by Eq. (5): 
 

0Z AD Z BC

Z AB Z CD

A A

A A

  


 
        (5) 

 
And the two-dimensional nonlinear transient eddy 

current equation can be expressed by Eq. (6). 
 
 

A Az zv v J
x x y y

     
              

                                  (6) 

 
3.2 Mesh Generation and Difference Separation 

 
Make equidistant grid division in x direction of 

solution domain A-B-C-D, 36 grid lines, and make unequal 
grid division in y direction. There are 27 grid lines in total, 
5 in domain I, 3 in domain II, 8 in domain III, 6 in domain 
IV, and 5 in domain Ⅴ. So there are 972 nodes in total, all 
nodes are numbered with (i, j), and difference equation can 
be expressed by Eq. (7). 
 

, , 1, , 1, , , 1 , , 1

, ,       

i j i j i j i j i j i j i j i j i j

i j i j

F L A R A B A T A

D A

       


 (7) 

 
where, Li,j, Ri,j, Bi,j, Ti,j are left, right, upper and lower 
coefficients of magnetic potential (i, j), Di,j  is coefficients 
of magnetic potential (i, j), Fi,j is the value of electric 
density (i, j), they can be determined by Eq. (8). 
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(8) 

 
where, hi and kj are the x and y-direction step  (i,  j). 

A set of nonlinear equations about nodes magnetic 
potential Az can be established as Eq. (9) 

 
KA F                                   (9) 

 
where, K is magnetic resistance coefficient matrix of 
medium and F is column vector of current density. 

 
3.3 Calculation and Result Analysis 

 
The Eq. (9) can be solved by successive linearization 

method, main steps can be as follows. 
Step 1: For nonlinear equations shown in Eq. (9), the 

iterative scheme shown in Eq. (10) is constructed. 
 

……( ) ( 1)( ) ,     0,1, 2k kK v A F k                (10) 

 
where, k is the number of iterations. 

Step 2: Assign initial values v(0)
i,j to magneto 

resistance at nodes of each domain (domain II, domain III 
and domain IV are non ferromagnetic regions, v=v0, 
domain I and domain V are ferromagnetic regions, the 
magnetic resistance can be determined by the curve in Fig. 
6), so a linear equation system about A can be shown as Eq. 
(11). 

 
(0) (1)( )  K v A F                           (11) 

 
Step 3: The first approximation value A(1) of magnetic 

phase sequence vector of each node can be calculated by 
solving Eq. (10) with line over relaxation iteration method. 

Step 4: According to A(1), magnetic induction 
intensity B of each domain can be determined by center 
difference quotient method, as shown in Eq. (12). 
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where, ui,j is magnetic potential boundary value at node (i, 
j). 

Step 5: According to B calculated by Eq. (10), the 
magnetic resistance correction value v(1) of each node can 

be determined according to  v = f(B) curve shown in Fig. 6, 
and working point of permanent magnet can be determined 
according to demagnetization curve shown in Fig. 7. 

Step 6: Recalculate coefficients of Eq. (9) with 
corrected v(1), solve the corrected linear equations with 
iterative method, and obtain the second correction value A(1) 
of magnetic potential of each node, 

Step 7: Repeat the above steps until difference 
between A(k) and A(k+1) is less than the set error (1%), then 
the iterative process can be considered to converge, and the 
value of last iteration is final solution. 

According to calculation method above, vector 
magnetic potential A of each node under different slip 
speeds can be calculated, and distribution curve of 
magnetic force line can be shown as Fig. 8. 

 

  
a) Inner rotor speed at 1500 rpm b) Inner rotor speed at 1460 rpm 

Figure 8 Magnetic force line distribution under different speed of inner rotor 

In Fig. 8, Az = 150 × 10‒3 Wb/m is the maximum 
equipotential curve, and an equipotential line is made with 
every 15 × 10‒3 Wb/m magnetic potential difference. 

As shown in Fig. 8, under different speed of inner 
rotor, the magnetic force line distribution of each pole pair 
can be divided into three parts according to different 
magnetic flux loop and functions. The loop of main flux is 
"permanent magnet block—air gap—copper sleeve—inner 
rotor core—copper sleeve—air gap—permanent magnet 
block—outer rotor core—permanent magnet block", the 
main magnetic flux passes through copper sleeve layer and 
its radial component generates induced electromotive force 
and electromagnetic torque in the copper sleeve. The loop 
of copper sleeve leakage is "permanent magnet block—air 
gap—copper sleeve—air gap—permanent magnet block 
outer rotor core—permanent magnet block", The leakage 
the copper sleeve does not completely penetrate the copper 
sleeve, and its tangential component accounts for a large 
proportion, which has a small impact on the generation of 

induced electromotive force and electromagnetic torque. 
The air gap leakage flux loop is "permanent magnet 
block—air gap—permanent magnet block—outer rotor 
core—permanent magnet block", due to small length of air 
gap, its influence on electromagnetic torque is neglected in 
this paper. 

In Fig. 8a, the rotation speed of inner rotor is 1500 
rpm, which is the same as that of outer rotor, it is no-load 
state, composite magnetic field is only generated by 
permanent magnet magnetic field, and magnetic force lines 
of each part are evenly distributed. In Fig. 8b, the rotation 
speed of the inner rotor is 1460 rpm, so there is a slip speed 
of 40 rpm with outer rotor, it is load state, a certain reaction 
electromotive force is generated in copper sleeve, which 
has a impact on magnetic flux circuit, and compared with 
Fig. 8a, magnetic force line of each part has a certain 
deformation. 

According to Eq. (9), current density distribution in 
solution domain is solved, as shown in Fig. 9. 

 

  
a) Inner rotor speed at 1500 rpm b) Inner rotor speed at 1460 rpm 

Figure 9 Current density distribution under different speed of inner rotor 
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Fig. 9a and b are current density distribution under 
condition that inner rotor speed is 1500 rpm and 1460 rpm 
respectively. In Fig. 9a, it is no-load state, induced 
electromotive force and induced current are not generated 
in each part of solution domain. In Fig. 9b, it is load state, 
the electric density is mainly distributed at junctions of 
permanent magnet blocks (Maximum electric density is 

1,26 × 107 A/m2), and a reactive electromotive force is 
generated in copper sleeve, which weakens the radial 
component of magnetic flux and enhances the tangential 
component of the magnetic flux. 

According to Eq. (10), magnetic induction intensity in 
air gap under different slip speeds can be calculated, as 
shown in Fig. 10 and Fig. 11. 

 

  
a) Inner rotor speed at 1500 rpm b) Inner rotor speed at 1460 rpm 

Figure 10 Radial component of air gap magnetic induction intensity under different speed of inner rotor 
 

  
a) Inner rotor speed at 1500 rpm b) Inner rotor speed at 1460 rpm 

Figure 11 Tangential component of air gap magnetic induction intensity under different speed of inner rotor 

In Fig. 10a and b are radial component of air gap 
magnetic induction intensity under condition that inner 
rotor speed is 1500 rpm and 1460 rpm respectively. The 
average value in Fig. 10a is 0,48 T, and the average value 
in Fig. 10b is 0,41 T, the reactive magnetic field weakens 
the radial component of air gap magnetic field by 14,5%. 

In Fig. 11a and b are tangential component of air gap 
magnetic induction intensity under condition that inner 
rotor speed is 1500 rpm and 1460 rpm respectively. The 
average value in Fig. 11a is 0,26 T, and the average value 
in Fig. 11b is 0,30 T, the reactive magnetic field enhances 
the tangential component of air gap magnetic field by 
15,3%, and the overall offset is 0,9°. 

According to Maxwell's stress tensor theory, 
electromagnetic torque can be expressed as Eq. (13): 

 

2π

0
0

1
2

( )dr
L

T
R

B B 


              (13) 

 

According to Eq. (12), when output speed is 1458 rpm, 
electromagnetic torque is 72 Nm 

By changing speed of inner rotor, electromagnetic 
torque at different output speeds can be obtained, and 
relationship between electromagnetic torque and output 
speed can be shown as Fig. 12. 

 
Figure 12 Relationship between electromagnetic torque and output speed 

 
The curve shown in Fig. 12 is also mechanical 

characteristic curve of radial solid permanent magnet 
coupler, inflection point PM corresponds to the maximum 
electromagnetic torque (201,4 Nm), and the critical speed 
(1210 rpm). Point PS corresponds to starting torque (140,5 
Nm). According to stability principle of electric drive 
system, for constant torque or constant power load, stable 
area is above critical speed. Rated working point of 
prototype point PN (1458 rpm, 72 Nm) is within the stable 
range, which can meet design requirements. 
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4 EXPERIMENT AND RESULT ANALYSIS 
 
On basis of theoretical analysis, a complete 

mechanical structure of radial solid permanent magnet 
coupler is designed and manufactured, main components 
and assembled prototype are shown in Fig. 13. 

 

a) Permanent magnet outer rotor b) Conductor inner rotor 

c) Assembled experimental prototype 
Figure 13 Main components and assembled prototype 

 
Experimental platform is built as shown in Fig. 14, 

which mainly include drive motor (Y2-160-4M), torque 
sensor (model: JD20, range: 0~1000 Nm, accuracy: 0,2%), 
loading motor (YP2-280-4M). 

 

 
Figure 14 Experimental platform 

 
The output shaft of drive motor is connected with outer 

rotor, and rotation speed is constant at 1500 rpm. The load 
torque of radial solid permanent magnet coupler can be 
controlled by changing the current of the load motor. The 
output torque and speed under different load conditions are 
read by torque sensor, relationship curve of "speed-torque" 
can be obtained, and compare experimental curve with 
theoretical curve, as shown in Fig. 15. 

Because load is under constant torque condition, test 
points are all detected within the stable area. In Fig. 15, 
experimental curve and theoretical curve have good 

consistency. At the same speed, the maximum torque error 
is less than 3%, which verifies the correctness of the 
theoretical calculation, but experimental value is always 
slightly higher than theoretical value, this is because 
parameters of permanent magnet material (In Fig. 7) are 
selected according to lower limit of brand standard in 
theoretical calculation. Compared with standard 11kw 
asynchronous motor (Y2-160-4M, Rated speed: 1459 
rpm, Rated torque: 72 Nm, Starting torque: 149,7 Nm, 
Maximum torque: 213,1 Nm), the parameters of 
experimental prototype are slightly lower (Rated speed: 
1458 rpm, Rated torque: 72 Nm, Starting torque: 144 Nm, 
Maximum torque: 202 Nm), but this situation can meet 
normal working requirements of motor and provide certain 
overload protection. 

 

 
      Figure 15 Relationship curve of "speed-torque" 

 
To verify impact relieved function of prototype, at 

speed of outer rotor is constant at 1500 rpm, different 
fluctuating torques are applied to load end, as shown in Fig. 
16. 

 

 
Figure 16 Drive torque and load torque under fluctuating load 

 
In Fig. 16, at time 0, t1, t2 and t3, average load torque is 

5 Nm, 30 Nm, 60 Nm and 75 Nm, and fluctuation range of 
load is 10 Nm. The drive torque is the torque output by the 
motor shaft. Compare drive torque and load torque, 
because of working mode of air gap magnetic field flexible 
transmission, driving torque slightly lags behind load 
torque, and torque fluctuation is less than 3 Nm, which is 
only 30% of load fluctuation, which proves impact relieved 
function of the prototype. 

 
5 CONCLUSION 

 
An 11 kW radial solid permanent magnet coupler 

prototype is taken as research object in this paper, 
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according to string magnetic field theory and transient eddy 
current equation, finite element difference model of 
electromagnetic field is established, and magnetic field is 
analyzed in detail. The correctness of model and analysis 
is verified by experiments. 

In the magnetic flux circuit, the copper sleeve area is a 
non-magnetic area, so the magnetic induction intensity in 
the air gap is weak, under the rated state, its radial magnetic 
induction intensity is 0,41 T, which is lower than the 
average air gap magnetic induction intensity of 
asynchronous motor (0,79 T), and air gap magnetic 
induction density is easily disturbed by load changes, 
which decreases by 14,5 % from no-load state to rated load. 
While, under the rated load, the lower air gap magnetic 
induction intensity leads to the highest electric density of 
the induced eddy current field in copper sleeve reaching 
1,26 × 107 A/m2, which is higher than electric density in 
rotor bar of asynchronous motor (0,37 × 107 A/m2), this 
eddy current is the main source of heat generation, so the 
effective magnetic flux area should be fully considered in 
the design process to reduce the excessive electric density 
in the copper sleeve, and the heat dissipation structure 
should be reasonably designed. 

Compared with the 11 kW asynchronous motor, the 
mechanical characteristics of radial solid permanent 
magnet coupler are equivalent to those of the asynchronous 
motor within the rated load range, and the slip changes of 
both are 0,028. But, under the condition of starting with 
load, the starting torque of radial solid permanent magnet 
coupler (144 Nm) is slightly less than that of asynchronous 
motor (149,7 Nm), which ensures that if the load torque 
exceeds the starting torque of the motor, the motor and 
coupler will start and rotate by themselves first, then 
gradually drive the load, which is the soft start function. 
And the maximum torque of radial solid permanent magnet 
coupler (202 Nm) is also slightly less than the maximum 
torque of the asynchronous motor (213,1 Nm), which 
ensures that under the condition of overload, the coupler 
will produce slip phenomenon, so as to protect the motor 
and electrical equipment, that is the overload protection 
function. 

The experimental results show that radial solid 
permanent magnet coupler has a lag effect in the process of 
transmitting fluctuating load, and the fluctuation amplitude 
is reduced to 30%, which effectively isolates the load 
fluctuation and protects the electrical circuit and 
mechanical components. 

The working principle of radial solid permanent 
magnet coupler is slip transmission, it has characteristics 
of flexible transmission, but at cost of losing some 
efficiency. In the next work, the transmission efficiency 
will be focus of research. 
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