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Characteristic Analysis of a Contactless Permanent Magnet Coupling
According to Magnetization Arrangement
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This study analyzes the pullout torque and torque density of a coaxial contactless permanent magnet coupling for motor
dynamometers using two-dimensional finite element analysis. Based on a minimum-pole reference model meeting the target torque,
four combinations of parallel and Halbach arrays on the inner and outer rotors were compared under identical magnet mass and
dimensions. Halbach arrays increased pullout torque, particularly on the outer rotor. Adjusting the pole arc ratio and radially
magnetized segment arc ratio reduced magnet mass with comparable torque when both rotors used parallel arrays, and increased
torque without additional mass when both used Halbach arrays. With these ratios combined, the latter yielded the highest pullout
torque, whereas a Halbach array only on the inner rotor yielded the highest magnet mass-based torque density, meeting the target
torque with less magnet mass. Thus, Halbach placement and both ratios should be selected for the design objective.
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Fig. 1. (Color online) Configuration of the coaxial permanent magnet coupling.
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Fig. 2. (Color online) Cross-sections and design variables of the
parallel and Halbach arrays.
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Table 1. Specification of the coaxial permanent magnet coupling.

Parameter Symbol Value Unit
Pole number P 10 pole
Internal radius of inner core 7 12 mm
External radius of inner core 7 15 mm
External radius of inner PM 73 19 mm
Internal radius of outer PM 74 20 mm
External radius of outer PM s 24 mm
External radius of outer core 76 27 mm
Stack length Lk 54 mm
Permanent magnet - N42SH -
Core material - 35IN230 -
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Fig. 3. (Color online) Cross-sections of the coupling models
according to the number of poles: (a) 4, (b) 6, (¢) 8, (d) 10, (e) 12, (f)
14, (g) 16, (h) 18, and (i) 20 poles.
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Fig. 4. Torque as a function of electrical angle for each number of poles: (a) 4, (b) 6, (c) 8, (d) 10, (e) 12, (f) 14, (g) 16, (h) 18, and (i) 20 poles.
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Fig. 5. (Color online) Pullout torque as a function of the number of
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Table I1. Pullout torque according to the number of poles.

Number Pullout torque Requirement specification

of poles [Nm] (33 Nm)
4 14.58 Not satisfied
6 23.30 Not satisfied
8 30.65 Not satisfied
10 45.19 Satisfied
12 50.00 Satisfied
14 52.40 Satisfied
16 53.12 Satisfied
18 52.70 Satisfied
20 51.50 Satisfied
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Fig. 6. (Color onhne) Magnetization directions of the four magnet
arrangements: (a) PA-PA, (b) HA-HA, (c) HA-PA, and (d) PA-HA.
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Table III. Pullout torque and torque density according to the four
magnet arrangements.

Model  Pullout torque [Nm] 7, [Nm/kg] 7, [kNm/m’]
PA-PA 45.19 113.8 365.4
HA-PA 49.44 124.5 399.8
PA-HA 55.58 140.0 4494
HA-HA 56.80 143.1 4593
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Fig. 7. Torque as a function of the electrical angle of the four magnet arrangements: (a) PA-PA, (b) HA-HA, (c) HA-PA, and (d) PA-HA
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Fig. 8. (Color online) Magnetic flux density (left) and flux line (right) distributions of the four magnet arrangements: (a) PA-PA, (b) HA-HA, (c)

HA-PA, and (d) PA-HA.
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V4 Pullout torque [Nm] 7, [Nm/kg] 77 [KNm/m?]
1.0 45.19 113.8 365.4
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0.8 47.38 149.2 383.1
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Table V. Pullout torque and torque density of the HAHA model
according to the radially magnetized segment arc ratio.

Vi Pullout torque [Nm] 7, [Nm/kg] 7y [kNm/m?]
0.5 56.80 143.1 459.3
0.55 59.47 149.8 480.9
0.6 60.03 151.2 4854
0.65 59.60 150.1 481.9
0.7 58.75 148.0 475.0
0.75 57.61 145.1 465.8

A AL EFe= 4ot 08U o), 2 A )lE BT W
T 52 ot 0.64 o 22 HYgES JERITE AT gy
7} 0.6 BEFolM= Ho WY B3 5509] 1 djBl of
13% 743tk W, g7 072 Zdode Ao dE B
=7} 45.01 NmZ 7|2 5dy} AR 78 FX81EA 2}
A A 30% AAEI 1,0 42.3% =T webA
Ho d2 B39} 1,8 FHUslkle e AZ o2, F A
RS W aHT A st 0790 -] HHY B =
7Hog FRiET HA-HA 299 5,0 wE s)X ZAap=
Table V&} 2t} Hdl ALY EIE y7F 059014 56.80



— 446 -

Nmo|H, F0ek z2149] Hl8-S S7HAF] 0.6 oA

A&s 35 F0Z JFAVe IS g, 7 XY F
v Rl whe} = 2] 2717
o} ] HSPlE A F AR dAsteE, A AR
o] 37} Rlol A AIRES F ujiEs st Aozl
ZAyjolt}, olof] we} g, ¢F 5.7% AT

U]-9]= 3)7zte] &% Z7(HA-PA, PA-HA) 2o =35
v 2 F3HE 283 XS B HE U delx HF
205 A7t Fig. 99} Fig. 102 27 31704 vl &
3ol W2 Ho) AL B39} B Uro] E¥XE HojFEth U
=3} o5 3Rl FEnlel IS 59 WeE 44s)
o sl oH, SERl7t ARFE A Ad B3} 4
7h e E3vle Foe AEFS ERIT 4 AT w3
PA-HA Edllojre] Hu) Mg BEa= F5H7} 191 Z10A4
Huigre] USRI 4= UdTk. Fig. 112 33xpe] &
3 2ol e HHo] Ay MY B B BT UEES 2=
2d Jgs HoFEth T &g 249 Ho Hd B3 Y

Max T, (54.29 Nm)

Pullout torque [Nm]
-
n

e

RS

n S
v L

Max T}, (56.21 Nm)

ullout torque [Nm]
-
n

= P

9 s

DI
h

VHA YA

Fig. 9. (Color online) Pullout torque of the hybrid arrangements as a
function of the pole arc ratio jz and the radially magnetized segment
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Fig. 10. (Color online) Magnet mass-based torque density of the
hybrid arrangements as a function of the pole arc ratio j», and the
radially magnetized segment arc ratio y4: (a) HA-PA and (b) PA-HA.
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Fig. 11. (Color online) Cross-sections of the hybrid arrangements at
the selected conditions: (a) maximum pullout torque, (b) maximum
mass-based torque density.
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Table VL. Pullout torque and torque density of the hybrid arrangements at the base and selected conditions.
Model Condition Vpa VA Pullout torque [Nm] Mg [kg] 7, [Nm/kg] 7, [KNm/m?]
Base 1.0 0.5 49.44 0.397 124.5 399.8
HA-PA Max T, 0.8 0.5 54.29 0.352 154.2 439.0
Max 1, 0.5 0.7 49.01 0.285 171.9 396.3
Base 1.0 0.5 55.58 0.397 140.0 4494
PA-HA Max 7, 1.0 0.6 56.21 0.397 141.6 454.5
Max g, 0.6 0.7 50.27 0.328 1534 406.5
75 240
e WV 7
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Fig. 12. (Color online) Comparison of the four magnet arrangements at the base and selected conditions: (a) pullout torque and (b) torque density
based on magnet mass. Base denotes 5 = 1.0 for parallel arrays and y;;, = 0.5 for Halbach arrays.
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