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Abstract 

This paper focuses on the first steps of a project "High-Speed Magnetic Coupling" (HSMC). The project is a part of another project 

for generating electricity by a jet engine. The purpose of the HSMC is to couple the jet engine and a high-speed permanent magnet 

synchronous motor (PMSM) whose rotation speed and torque are around 100,000 rpm and 0.1 to 1 Nm, respectively. Firstly, literature 

reviews of magnetic couplings (MCs) are introduced. It is depicted that both analytically and experimentally, how various parameters 

such as a number of poles, alignments, etc., affect other parameters. Then, based on the reviews, fundamental designs of MCs for 

experimental testing are proposed. The results of the practical experiments are shown revealing doubts about how unconventional 

MCs behave and if they would be like the introduced data. Moreover, some possible designs for the HSMC are discussed by taking 

into account the introduced parameters and the experimental results, as well as other industrial and commercial MCs. 
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1. Introduction   

This project is a part of another project for generating 

electricity by a jet engine. The purpose of the HSMC is to 

couple the jet engine and a high-speed PMSM safely 

whose rotation speed and torque are around 100,000 rpm 

and 0.1 to 1 Nm, respectively. The task of this paper is to 

introduce the basic properties of the MCs and suggest de-

signing the HSMC based on the derived data. There are 

three chapters in the paper. Firstly, various parameters of 

MCs, which derived by simulations and experiments, are 

shown from other sources. Even though the scale of val-

ues is different from the project, it is possible to see the 

trend. Secondly, actual experiments are done referring 

and comparing the introduced results. Lastly, several fun-

damental possible designing ideas are suggested by con-

sidering all gained data and results. 

Figure 1 shows the torques depending on the air gap 

length by using 2D analytical models and 3D simulations. 

[1] As the air gap length increases, the torque decreases 

obviously on any simulations. The air gap also determines 

the speed response of the driving and driven MCs. Oscil-

lations can be seen in the speed response depending on 

time generally.  And closer air gap has a quicker response 

which means the driven one follows another with smaller 

angular deviations. However, the deviation disappears af-

ter some time when the synchronisation proceeds. For the 

synchronisation, it is mandatory to take a while to start-

ing-up otherwise the synchronisation is lost and the driven 

one stops rotating. As well as the starting-up, an abrupt 

loading on the couplings is a factor to stop the rotation 

unless there is enough transferable torque to get back to 

the steady-state. Not only the air gap but also various pa-

rameters affect the transferable torque and one of them is 

angular or radial misalignments of MCs. 

 

 

Figure 1. Measured and computed static torque versus the an-

gular displacement [1] 

In figure 2, there are various curves with the air gaps 

for the transferable torque depending on the number of 

pole pairs. [2] A smaller number of the pairs, less torque. 

However, the torque increases until some points and goes 

down gradually with the larger number of the pairs. More-

over, the transferable torque is decided by a ratio between 

the number of pole pairs and the magnet angular width. 

Therefore, it does not mean a greater number of magnets, 

more transferable torque. 

 

Figure 2. Torque versus the number of pole pairs [2] 

Regarding eddy current (EC) in axial MCs, there is a 

relationship that it grows proportionally as the number of 

rotations rises. Hence, its losses also increase proportion-

ally. [3] Furthermore, radial MCs have the same tendency 
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as axial ones. In the radial MCs, a type of them is pro-

posed and called as Halbach array. It can enhance the 

magnetic field dramatically towards one side. There are 

several kinds of it depending on the number of sections in 

each magnet. There is a fact again that EC losses are en-

larged as the rotation increases as well as EC losses are 

higher with a greater number of the sections. [4] 

2. Experiments 

Considering also the data introduced in the previous chap-

ter, some experiments are done. Firstly, unconventional 

radial MC’s behaviours are observed. Secondly, conven-

tional axial and radial MC’s behaviours with and without 

various loads are observed. Finally, the behaviours of 

those MCs when giving an abrupt loading are observed. 

2.1. Experimental setup 

In figure 3, instruments used in the experiment are listed 

from the left side in the figure and as below. 

• Power supply; LW-K3010D 

• Electrical Speed Controller (ESC): 2-3S, max. 

20 A 

• Brushless DC (BLDC) motor: motor: FOXY 

G3 C2208 1200 KV, 2-3S, max. 17 A, max. 

145 W (max. speed around 14400 rpm) 

• 5 types of MCs  

• DC motor: MIG480 7.2 V RACE, max. 10 A 

• Resistors: 1, 0.1 and 0.01 ohm 

• Photo tachometer: UT-372 

• Oscilloscope: FNIRSI-1013D 

• Multi-meters: XL830L 

 

Figure 3. Speed responses to an overload condition  

The BLDC motor is connected to one of the various 

MCs and it transfers the torque to the DC motor. The DC 

motor is connected to one of the resisters and the multi-

meters measure the voltage and current flowing in the re-

sistor. The photo tachometer measures the rotational 

speed at the coupling on the DC motor side. The oscillo-

scope displays the voltage at the BLDC motor input and 

DC motor output. The list of MC arrangements is as be-

low. The couplings are produced by 3D printing with PLA 

material with 80 % infilling. And figure 4 to 9 respectively 

depict the utilised coupling structures and their general di-

mensions. The method of how the MCs is connected is by 

the friction and transition fitting simply. Figure 10 shows 

the overview of manufactured MCs for the experiments 

with their fit magnets. 

1. Radial, male 4 poles, female 4 poles, 3 mm air 

gap (not between magnets but couplings, see or-

ange lines in Figure 4 and 5) (N35 Neodymium 

(NdFeB) 20*10*2 rectangular magnets) 

2. Radial, male 4 poles, female 6 poles, 3 mm air 

gap (not between magnets but couplings) (N35 

NdFeB 20*10*2 rectangular magnets) 

3. Axial, 4 poles each, 13 mm air gap (NdFeB 15 

mm diameter, 5 mm hole diameter, 3 mm thick-

ness circular magnets) 

4. Axial, 4 poles each, 6 mm air gap (NdFeB 15 

mm diameter, 5 mm hole diameter, 3 mm thick-

ness circular magnets)  

5. Radial, male 6 poles, female 6 poles, 2 mm air 

gap (not between magnets but couplings) (N35 

NdFeB 20*10*2 rectangular magnets) 

 

Figure 4. Radial, male 4 poles (arrangement 1 and 2) 

 

Figure 5. Radial, female 4 poles (arrangement 1) 

 

Figure 6. Radial, female 6 poles (arrangement 2) 

 

Figure 7. Axial, 4 poles (arrangement 3 and 4) 
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Figure 8. Radial, male 6 poles (arrangement 5) 

 

Figure 9. Radial, female 6 poles (arrangement 5) 

 

Figure 10. Overview of manufactured MCs for the experiments 

2.2. Results 

At first, the arrangement 1 and 2 which are unconven-

tional MCs are not successful in synchronising the rota-

tion from the starting-up or very beginning of rotating 

even though also starting up gradually since they do not 

transfer the torque well or smoothly. Moreover, it is found 

the magnets must be covered or integrated into the cou-

plings otherwise they could blow off and it is extremely 

dangerous. Due to the low precision of my 3D printer, I 

have glued the magnets. 

Figure 11, 12 and 13 represent the maximum speed, 

the maximum voltage, and the maximum current of the 

DC motor without resistors, with 1, 0.1 and 0.01 ohm. The 

0.01 ohm resistor is only for arrangement 5. 

The maximum speed for all couplings is almost the 

same around 14000 rpm. After giving the resistor loads, 

arrangement 3 dropped the speed significantly to around 

6000 rpm. Meanwhile, others kept the value around 14000 

rpm. Compared to the arrangement 4 and 5, the values of 

the arrangement 4 are higher generally except the no-load 

test. 

For the maximum voltage, the trend is almost the same 

as the previous one and arrangement 4 produces a larger 

voltage than arrangement 5. The only differences are the 

arrangement 3 makes the voltage the most when without 

loading. And the voltage decreases slightly as the load in-

creases. 

Finally, regarding the maximum current, the trend is a 

little different. As the load grows, the current rises and this 

is logical from ohm’s law.  

It is possible to say as the air gap becomes smaller, the 

transferable torque becomes larger and keeps the speed 

constantly.  

 

Figure 11. Maximum speed 

 

Figure 12. Maximum voltage 

 

Figure 13. Maximum current 

Figure 14, 15 and 16 depict the time response to the 

rotational speed when obtaining an abrupt load 0.1 ohm 

for the arrangement 3, 4 and 5, respectively.  

Arrangement 3 in figure 14 shows losing the synchro-

nisation after getting the abrupt load.  

Arrangement 4 in figure 15 displays keeping the syn-

chronisation as well as arrangement 5 in figure 16. 

It is obvious again that as the air gap length decreases, 

the transferable torque gets larger and keeps the rotation 

constantly. 
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Figure 14. Axial 13 mm 0.1R (arrangement 3) 

 

Figure 15. Axial 6 mm 0.1R (arrangement 4) 

 

Figure 16. Radial 2 mm 0.1R (arrangement 5) 

Figure 17 shows a screenshot of a video for the exper-

iment during arrangement 5 without loading. As can be 

seen on the left top, the oscilloscope projects the voltage 

signal shapes of the BLDC motor input (top) and the DC 

motor output (bottom) at the maximum speed, 14723 rpm. 

The signal on the top has the periodic wave for driving 

BLDC motors. On the other hand, another one is flat en-

tirely with small periodic drops and spikes for generating 

electricity. An interesting point is the periods for both sig-

nals are not the same and the DC motor one has a slightly 

longer period. 

 

Figure 17. Screenshot of the experiment for arrangement 5 

3. Fundamental ideas of designing the 
MC 

3.1. Important factors 

Three essential factors must consider in designing the MC 

as listed below. 

1. Mechanical deformations  

To avoid severe damages and resonances, the shape must 

be kept and even a small deformation must never be 

caused especially at high-speed rotations. 

2. Moment of inertia  

The rotational energy increase by the squared of angular 

velocity as described in equation (1). At high speed, the 

effect of the moment of inertia is quite huge as well. 

 𝐸𝑅 =
1

2
𝐼 𝜔2 (1) 

Where 𝐸𝑅is rotational energy, 𝐼 is a moment of inertia and 

𝜔 is angular velocity. 

The moment of inertia for cylinders is expressed as equa-

tion (2) in general. Especially, the moment of inertia for 

hollow cylinders is described as the equation (3). [5] 

 𝐼 = ∫ 𝑟2 𝑑𝑚 (2) 

 𝐼 =
1

8
𝑚(𝐷2 + 𝑑2) (3) 

Where 𝑚 is mass, 𝐷 is outer diameter and 𝑑 is inner di-

ameter. 

3. Temperature  

The temperature would rise as the rotation speed increases 

due to increasing of EC in the MC and it causes demag-

netisation of the magnets.  

3.2. Concreate and fundamental designing ideas 

Considering all introduced data in the previous chapters, 

the concrete designing ideas for MC are listed as follow.  

1. Designing the radial shape and thinner as much 

as possible  

The reason is to reduce the moment of inertia and to re-

duce EC. [6] 

2. Designing shorter length as much as possible un-

less losing the required transferable torque 

It is because that bending could be caused due to the cen-

trifugal force by high-speed rotation. Therefore, serious 

resonances or oscillations could be followed. 

3. Covering or integrating the magnets  

To avoid blowing the magnets off. 

4. Choosing soft magnetic materials with high stiff-

ness property and lightweight for magnet holder 
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For achieving high speed and efficiency in magnetic flux. 

The candidate materials are SUS410L, Fe-Ni, Fe-3%Si, 

Fe-Co and so on. [7] Including the materials, magnetic 

property lists for commonly utilised soft magnetic mate-

rials are introduced in table 1. 

Table 1. Soft magnet properties [8] 

Alloy 
System 

Typical Den-
sity (g / cm3) 

Approx. Rel-
ative Cost 

μmax Hc (kA / m) 
Bmax 

(T) 
Resistivity 

(μΩcm) 

Fe 6.8 - 7.2 1 
1800 - 
3500 

0.12 - 0.2 1.0 - 1.3 10 

Fe-P 6.7 - 7.4 1.2 
2500 - 
6000 

0.10 - 0.16 1.0 - 1.4 30 

Fe-Si 6.8 1.4 
2000 - 
5000 

0.02 - 0.08 0.8 - 1.1 60 

400SS 5.9 - 6.5 3.5 
500 - 

1000 
0.12 - 0.24 0.6 - 0.8 50 

50Ni/50Fe 7.2 - 7.6 10 
5000 - 
15000 

0.01 - 0.04 0.9 - 1.4 45 

5. Designing for flowing less EC by making layer 

structures 

To prevent heat generation by EC loss, it is better to have 

a smaller volume of each element by making layers and 

increasing its resistance. [9, 10] 

6. Implementing an efficient cooling mechanism 

One of the ways is to divide the magnets as many as pos-

sible and increasing the exposed surfaces to the air. [11] 

7. Utilising samarium–cobalt (SmCo) magnets 

Table 2 introduces the properties of commonly utilised 

permanent magnets. 

Table 2. Permanent magnet properties [12]  

Type 

Rema-
nence [Br] 

Coercive 
Field [Bhc] 

Coercive 
Field [Ihc] 

The Maximum Energy 
Product [BH] 

Curie Tem-
perature 

(mT) (kA / m) ( kA / m) (kJ / m3) ℃ 

Anisotropy 

Ferrite 390 - 410 238.7 - 270.5 242.7 - 282.5  28.7 - 31.9  450 

Neodymium 
1230 - 
1290  836 - 995 > 876  279 - 310  300 

Samarium-
cobalt 980 - 1060  477 - 637  557 - 875  175 - 207  750 

Alnico 
1250 - 
1300  47.7 - 52.5  0 38.2 - 43.8  860 

To avoid the demagnetising by the increase of tempera-

tures at high-speed rotation, utilising SmCo is a reasona-

ble selection since it has an exceedingly high Curie tem-

perature and the second highest magnetic energy after 

NdFeB. However, it is important to realise Curie temper-

ature and the common operating temperatures of magnets 

are different, and the operating temperature is much less. 

[13, 14] For realising the cost by weight ratio and diffi-

culty of machining, SmCo is the most expensive and rel-

atively difficult to machine among the introduced perma-

nent magnets. [15] 

Compared to NdFeB and SmCo, the NdFeB has good 

properties in its noticeably high mechanical and magnetic 

strength, relatively low cost by weight and relatively easy 

to machine. Meanwhile, the disadvantages are its low op-

eratable temperature and oxidation. Considering SmCo, it 

is superior at its high magnetic strength, high-temperature 

operatable and no protection is required for oxidation. On 

the other hand, the challenging points are it is greatly brit-

tle and hard to machine and highly costing material. [16-

18] 

Table 3 represents the mechanical properties of 

NdFeB and SmCo. The densities and compressive 

strength have close values. However, NdFeB has better 

bending strength and higher resistance which are essential 

factors as already mentioned. 

Table 3. Mechanical Properties [19, 20] 

Density 
Bending 
Strength 

Compressive 
Strength 

Electrical 
Resistivity 

Coeff. Of Thermal Expansion 
Curie Tem-

perature 

(kg / m3) (kg / m2) (kg / m2) (Ωm)  / / M ” ´M (°C) 

Neodymium Iron Boron 

7.6 x 103 2.95 x 103 9.6 x 103 1.4 x 10-6 7.9 x 10-6 -1.7 x 10-6 345 

Samarium Cobalt  

8.4 x 103 1.2 x 103 9.1 x 103 0.8 x 10-6 9.2 x 10-6 11.8 x 10-6 825 

 / / M Parallel to magnetic orientation,” ´M Perpendicular to magnetic orientation 

8. Applying Halbach array for the magnets 

The array can reduce the mass and enhance the magnetic 

field which could lead to high efficiency in load torque 

transferring. [21, 22] Figure 18 represents the magnetic 

field of a normal array (left) and Halbach array (right). It 

can be seen the magnetic field is only on one side and en-

hance the intensity.  

 

Figure 18. Halbach array in the rectangular form [23] 

4. Conclusion  

In conclusion, many facts are revealed from the reviewing 

of various sources and the experiments. One of them is the 

air gap affects the torque and rotational speed behaviour 

strongly. The other is MCs can transfer relatively less 

change of the torque even though there are a few misa-

lignments. Also, an abrupt loading or fast starting-up of 

the rotation causes loss of the synchronisation. Moreover, 

a ratio between the magnet’s angular width and the num-

ber of pole pairs, cannot be forgotten since it determines 

the transferable torque as well. It is found that a greater 

number of magnets does not mean stronger torque. Fur-

thermore, power losses due to EC are quite huge espe-

cially at high speed and rises proportionally as the speed 

increases.  

Considering the experimental results, they represent 

almost similar data as the other papers revealed which 

could be considered as successful. Such as the smaller air 

gap, the larger transferrable torque, fast starting-up can 

cause a failure in synchronising and abrupt loading breaks 

the rotation if the torque is not enough. The unconven-

tional MC had reasons why they are not utilised because 

they do not transfer the torque well or smoothly. 

 In the end, the derived results, and the expectable dif-

ficulties, eight fundamental designing ideas for the HSMC 

are suggested. And they are focused on three factors 

mainly which are, mechanical deformation, the moment 

of inertia and temperature. These factors must be taken 

into consideration for designing the HSMC. 

                                    

         

 

                   h    
                
                      

  N

 N N

  N

 N N

                      

N    N    

 

 

 

N

N

N

 

 

 

N

N

N

                    

              



Student’s conference 2021 | Czech Technical University in Prague | Faculty of Mechanical Engineering 

 

Acknowledgement 

I would like to thank my supervisor doc. Ing. Martin No-

vák, Ph.D. and Ing. Zdenek Novak, Ph.D. for supporting 

my research, also, Czech Technical University in Prague, 

for supporting and giving such research opportunities. 

This work was supported by the Czech Technical Univer-

sity in Prague internal Grant SGS21/153/OHK2/3T/12. 

This support is gratefully acknowledged. 

Symbols 

𝐸𝑅 rotational energy (J) 

𝐼 moment of inertia (kg∙m2) 

𝜔 angular velocity (rad/s) 

𝑚 mass (kg) 

𝐷 outer diameter (m) 

𝑑 inner diameter (m) 

References 

[1] LUBIN, Thierry, MEZANI, Smail and REZZOUG, Ab-

derrezak. Experimental and Theoretical Analyses of Ax-

ial Magnetic Coupling Under Steady-State and Transient 

Operations. IEEE Transactions on Industrial Electronics 

[online]. 2014. Vol. 61, no. 8p. 4356–4365. [Ac-

cessed 17 April 2021]. DOI 10.1109/tie.2013.2266087. 

Available from: https://hal.archives-ouvertes.fr/hal-

00833962  

[2] RAVAUD, Romain, LEMARQUAND, Valerie and 

LEMARQUAND, Guy. Analytical Design of Permanent 

Magnet Radial Couplings. IEEE Transactions on Mag-

netics [online]. 2010. Vol. 46, no. 11p. 3860–3865. [Ac-

cessed 17 April 2021]. DOI 10.1109/tmag.2010.2056379. 

Available from: https://ieeexplore.ieee.org/docu-

ment/5504228  

[3] ZUNQUAN KOU, QINGCHANG TAN, FENGJIANG 

HE, FUSHENG ZHENG, XUAN MA and CHUNYAN 

WANG. Analysis of eddy current loss in axial permanent 

magnet coupling. 2009 International Conference on 

Mechatronics and Automation [online]. 2009. [Ac-

cessed 17 April 2021]. DOI 10.1109/icma.2009.5246649. 

Available from: https://ieeexplore.ieee.org/docu-

ment/5246649  

[4] YUAN, Danqing and WANG, Lingling. Finite element 

analysis of eddy current field of magnetic coupling with 

Halbach array. 2011 International Conference on Con-

sumer Electronics, Communications and Networks 

(CECNet) [online]. 2011. [Accessed 17 April 2021]. 

DOI 10.1109/cecnet.2011.5768765. Available from: 

https://ieeexplore.ieee.org/document/5768765  

[5] Moment of inertia calculations. Moment of inertia calcu-

lations | MIKI PULLEY [online]. [Ac-

cessed 17 April 2021]. Available from: https://www.mik-

ipulley.co.jp/JP/Services/Tech_data/tech24.html (Japa-

nese) 

[6] LIU, Yongguang, LIU, Wenlei and CHENG, Nannan. 

Magnetic field and eddy current analysis of permanent 

magnet eddy current coupling. 2015 IEEE International 

Conference on Information and Automation [online]. 

2015. [Accessed 17 April 2021]. 

DOI 10.1109/icinfa.2015.7279766. Available from: 

https://ieeexplore.ieee.org/document/7279766  

[7] Soft magnetic materials [online]. [Ac-

cessed 17 April 2021]. Available from: 

https://www.taisei-kogyo.com/news/softmagnetic/ (Japa-

nese) 

[8] Soft Magnetic Materials. Soft Magnetic Materials: Total 

Materia Article [online]. [Accessed 17 April 2021]. 

Available from: https://www.total-

materia.com/page.aspx?ID=CheckArti-

cle&site=ktn&NM=284  

[9] Eddy current and its properties [online]. [Ac-

cessed 17 April 2021]. Available from: 

https://jeea.or.jp/course/contents/01160/  

[10] The latest all about motor technologies. 11. Akastu, Kan, 

216AD.  

[11] [online]. YouTube, 18 December 2020. [Ac-

cessed 17 April 2021]. Available from: 

https://www.youtube.com/watch?v=esUb7Zy5Oio  

[12] Kinds and properties of magnets [online]. [Ac-

cessed 17 April 2021]. Available from: http://www.tp-

mag.com/jishaku.html (Japanese) 

[13] Magnetics 101 - Design Guide. Permanent Magnets De-

sign Guide | Magnetics Design Guidelines [online]. [Ac-

cessed 17 April 2021]. Available from: 

https://www.intemag.com/magnet-design-guide  

[14] Permanent Magnet Stability. Magma Magnetic Technolo-

gies [online]. 26 September 2017. [Ac-

cessed 17 April 2021]. Available from: 

https://www.magmamagnets.com/magnets-technical-in-

formation/permanent-magnet-stability/  

[15] Magnet Materials Overview. Magnet Materials | Custom 

Magnets | Magnetic Assemblies [online]. [Ac-

cessed 17 April 2021]. Available from: 

https://www.intemag.com/magnet-materials  

[16] Demagnetization Curves Adams Magnetic Products Co. 

Demagnetization Curves [online]. 22 February 2021. 

[Accessed 17 April 2021]. Available from: 

https://www.adamsmagnetic.com/demagnetization-

curves/  

[17] Neodymium Magnet Material Overview. Neodymium 

Iron Boron Magnets | NdFeB Magnet Material [online]. 

[Accessed 17 April 2021]. Available from: 

https://www.intemag.com/neodymium-iron-boron  

[18] Samarium Cobalt Magnet Material Overview. Samarium 

Cobalt Magnets | SmCo Magnet Materials | Rare Earth 

[online]. [Accessed 17 April 2021]. Available from: 

https://www.intemag.com/samarium-cobalt-magnet-ma-

terial  

[19] Neo Iron Boron Magnetic Materials Properties Data 

[online]. [Accessed 17 April 2021]. Available from: 

https://www.intemag.com/neo-iron-boron-magnetic-ma-

terials-properties-data  

[20] SmCo Magnetic Materials Properties Data [online]. [Ac-

cessed 17 April 2021]. Available from: 

https://www.intemag.com/smco-magnetic-materials-

properties-data  

[21] Halbach Array. Custom Magnet & Magnetic Assembly 

Manufacturer [online]. [Accessed 17 April 2021]. Avail-

able from: https://www.intemag.com/halbach-arrays  

[22] An Introduction to the Halbach Array. Bunting Europe 

[online]. 23 November 2020. [Accessed 17 April 2021]. 

Available from: https://www.buntingeurope.com/an-in-

troduction-to-the-halbach-array/  

[23] Permanent Magnets Halbach Array Magnetic Field 

Properties and its Applications to Electrical Devices 

[online]. lecture. Japan: Japan. [Accessed 17 April 2021]. 

Available from: 

https://shingi.jst.go.jp/past_abst/abst/p/13/1312/tama05.p

df  

https://hal.archives-ouvertes.fr/hal-00833962
https://hal.archives-ouvertes.fr/hal-00833962
https://ieeexplore.ieee.org/document/5504228
https://ieeexplore.ieee.org/document/5504228
https://ieeexplore.ieee.org/document/5246649
https://ieeexplore.ieee.org/document/5246649
https://ieeexplore.ieee.org/document/5768765
https://www.mikipulley.co.jp/JP/Services/Tech_data/tech24.html
https://www.mikipulley.co.jp/JP/Services/Tech_data/tech24.html
https://ieeexplore.ieee.org/document/7279766
https://www.taisei-kogyo.com/news/softmagnetic/
https://www.totalmateria.com/page.aspx?ID=CheckArticle&site=ktn&NM=284
https://www.totalmateria.com/page.aspx?ID=CheckArticle&site=ktn&NM=284
https://www.totalmateria.com/page.aspx?ID=CheckArticle&site=ktn&NM=284
https://jeea.or.jp/course/contents/01160/
https://www.youtube.com/watch?v=esUb7Zy5Oio
http://www.tp-mag.com/jishaku.html
http://www.tp-mag.com/jishaku.html
https://www.intemag.com/magnet-design-guide
https://www.magmamagnets.com/magnets-technical-information/permanent-magnet-stability/
https://www.magmamagnets.com/magnets-technical-information/permanent-magnet-stability/
https://www.intemag.com/magnet-materials
https://www.adamsmagnetic.com/demagnetization-curves/
https://www.adamsmagnetic.com/demagnetization-curves/
https://www.intemag.com/neodymium-iron-boron
https://www.intemag.com/samarium-cobalt-magnet-material
https://www.intemag.com/samarium-cobalt-magnet-material
https://www.intemag.com/neo-iron-boron-magnetic-materials-properties-data
https://www.intemag.com/neo-iron-boron-magnetic-materials-properties-data
https://www.intemag.com/smco-magnetic-materials-properties-data
https://www.intemag.com/smco-magnetic-materials-properties-data
https://www.intemag.com/halbach-arrays
https://www.buntingeurope.com/an-introduction-to-the-halbach-array/
https://www.buntingeurope.com/an-introduction-to-the-halbach-array/
https://shingi.jst.go.jp/past_abst/abst/p/13/1312/tama05.pdf
https://shingi.jst.go.jp/past_abst/abst/p/13/1312/tama05.pdf

