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Multi-gear Combination Analysis for High Gear Ratio of Coaxial Magnetic Gear

Eui-Jong Park - Yong-Jae Kim™~

ABSTRACT

Since coaxial magnetic gears use non-contact power transmission, friction, wear, noise, and heat generated in the
power transmission process of existing mechanical gears can be minimized. Currently, research for application to
various industries is being actively conducted, but among the characteristics of coaxial magnetic gears, the problem of
rapidly decreasing torque density at a high gear ratio was discussed. This paper proposes a direction for multiple gear
combination using low gear ratio coaxial magnetic gears with high torque density. In order to confirm the effectiveness
of the method, the torque density was compared with a single high gear ratio model, and the combination and design
direction of multiple coaxial magnetic gears were shown.
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Fig. 1 Single coaxial magnetic gear
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Fig. 2 A concept of pole change, P: poles
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Fig. 3 Concept of pole change
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Table 1. Specifications of 90:1 magnetic gear

Gear ratio 1:90
Number of inner pole 4
Number of outer pole 360
Number of modulator 182
Inner rotor speed (RPM) 1080
Outer rotor speed (RPM) 12
Inner (Nm) 13.26
c Inner Ripple (%) 2319
= Outer (Nm) 1183.19
Outer Ripple (%) 1.01
Inner Rotor 0.00025
Iron Loss Outer Rotor 436.32
S| W Nodulator | 4218
’ Eddy Inner PM 041
Current
Loss [W] | Outer PM 56.57
Inner rotor power (W) 1500
Outer rotor power (W) 1487
Efficiency (%) 65.60
Torque density (Nm/m’) 164

% 4. 901 Y otaulE 7o
Fig. 4 90:1 Single magnetic gear
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Table 2. Combinations of multi gear

' Gear 2" Gear ' Gear 2" Gear ' Gear 2" Gear 1 Gear 2" Gear
1.2:1 7511 3.751 24:1 10:1 91 251 3.6:1
1.25:1 72:1 441 2251 10.8:1 8.33:1 27:1 3.331
1.33:1 67.5:1 451 20:1 11.251 81 30:1 31
1541 60:1 4.8:1 18.75:1 12:1 751 33.75:1 2.67:1
1.6:1 56.25:1 511 1811 12,511 7.2:1 36:1 2.5:1
1.67:1 54:1 5.4:1 16.67:1 13.33:1 6.75:1 37.5:1 2.4:1
1.8:1 50:1 6:1 1511 13.5:1 6.67:1 40:1 2.251
2:1 45:1 6.25:1 14.41 14.4:1 6.25:1 45:1 2:1
2.2511 40:1 6.67:1 13.5:1 1511 6:1 50:1 1.8:1
2.4:1 37.5:1 6.75:1 13.33:1 16.67:1 5.4:1 54:1 1.67:1
251 36:1 7.2:1 12.51 18:1 51 56.25:1 1.6:1
2.67:1 33.75:1 7.5:1 12:1 18.75:1 4.8:1 60:1 151
31 30:1 81 11.2511 201 4.5:1 67.5:1 1.33:1
3.33:1 27:1 8.33:1 10.8:1 22.51 441 72:1 1.2511
3.6:1 25:1 91 10:1 24:1 3.751 751 1.2:1
. cts S= ola4d|gl 2|0 247N, 4591 A= 3370, 659 A= 327, 85
A= 4270, 10591 A9 R F 16579 =
31 9% 5 #tadlg 709 2% o]t}
g 71019 71ojrlE 7 A o]de] Tloju] o R
AT 18 BESE 4] $E F4dl go [ [\ [gua | \
o 2 =RAAE F 7)ol A dejw £AH 1080rpm | o || 12mpm
th 7 7ok AdE thE 7199 MdEE 18 5 9:1 10 1 |
of, FAIT A9 = E 20 YERAG AA 7] }
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(

2
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Fig. 5 Concept of multi gear
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Table 3. Torgue density of multi gear

st
(1Gear 2 4 6 8 10
; (18:1) | (9:1) | B:1) | @41) | (3:1)
ratio)
gorqge 586 | 935 | 996 | 99.7 | 946
ensity
nd
2 ' 5:1 10:1 | 151 | 22.5:1 | 30:1
Gear ratio
Torque density of
corresponding gear ratio (kNm/m?)
2 374 | 535 | 58.0 - 54.4
o 4 847 | 919 | 854 | 728 | 572
P 6 99.1 | 916 | 791 - 494
! 8 99.1 | 806 | 606 | 465 | 308
10 | 89.1 | 65.0 | 529 - 1.0

T4 CHE 7l0je gt E3EE
Table 4. Summary of multi gear torque density
P 2 4 6 8 10
gear ratio) | (18:1) | (9:1) | B:1) | &1) | (3:1)

63.29 64.60
KNm/m® KNm/m®

50.53
KNm/m”

65.25

Max KNm/m®

0.164
KNm/m”

0.102
kNm/m®

0.140
KNm/m®

0.025
KNm/m?®
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Table 5. Torgue density according to combinations of multi gear

No. 1% /1 2% (P: poles) Tor(?(l[i‘emfneq?f”y No. 1% /1 2% (P: poles) Tozihemfri?)s'ty
1 4P 15:1//6P6: 1 65.3 %6 | 4P 36:1/ 8P 25: 1 566
2 | 4P20:1//8P45: 1 64.6 27 | 6P 1333 : 1// 8P 675 : 1 56.1
3| 4P15:1//8P6:1 64.6 28| 4P 12:1//4P75: 1 55.8
4 | 4P 25:1//8P4:1 64.2 29 6P 18:1// 4P 5: 1 557
5| 4P18:1/6P5:1 64.2 30| 4P12:1//8P 75: 1 556
6| 4P18:1//85:1 64.1 31 | 4P 375:1// 10P 24 : 1 55.0
7 | 4P 25:1//6P4:1 64.0 32| 6P 24:1/ 8 375 1 55.0
8| 6P15:1//6P6:1 64.0 33| 4P 36:1/ 4P 25: 1 550
9 | 4P225:1/ 10P 4: 1 639 34 | 6P 1667 : 1 J/ 10P 54 : 1 548
10| 6P15:1/8P6:1 635 35 | 4P 125: 1 // 10P 7.2 : 1 54.1
| 4P15:1/4P6: 1 633 % 4P30:1/8P3: 1 539
12| 4P18:1//10P5: 1 630 37 4P 30:1//10P 3 : 1 538
13| 4P15:1//10P6: 1 628 3 4P30:1/6P3:1 536
14| 4P20:1/ 4P 45: 1 625 39| 6P20:1/ 8P 45: 1 535
5] 6P15:1/4P6: 1 625 4 | 6P 25:1/ 10P 36 1 532
16| 6P15:1//10P6: 1 62.1 41 6P 12: 1/ 4P 75 : 1 530
17| 4P 24:1//8P375:1 62.1 2| 6P12:1/8P 75: 1 58
18| 4P 25:1//4P 4: 1 62.1 43| oP24:1/ 8 375 1 527
19| 4P 18:1/ 4P 5: 1 619 44 4P 30:1// 4P 3: 1 523
20 | 4P 135 : 1 // 6P 667 : 1 60.5 45 | 6P 20: 1/ 4P 45 : 1 520
21| 4P 25:1// 10P 36 - 1 590 46 | 2P 25:1// 10P 36: 1 519
2| 4P 27:1//6P333: 1 581 47 2P30:1// 8 3: 1 514
23| 6P18:1/6P5:1 576 48 2P 30 1// 10P 3 : 1 513
24| 6P18:1/ 8 5: 1 575 49 2P30:1//6P3:1 51.1
25| 6P18:1//10P5: 1 56.7 50| 2P27:1/ 6P 333: 1 511

Lrtel 2
B oATE FRAYTAY AR J)xdT
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