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Abstract Conclusion
The power transmission of magnetic gears, based upon the attractive force of magnets, does not involve direct contact between the *+ Fractional gear ratios exhibited the lowest torque ripples. | |
power transmission shafts. Thus, vibration or noise, due to friction, can be reduced. However, magnets and iron cores, which are the *+ For models with high ripples, additional analysis was conducted, and it was further confirmed that the LCM and the GCD between
main components of magnetic gears, generate cogging torque. This increases torque ripples that are the cause of the noise and vibration the number of poles and number of pole pieces directly affect ripples. | o
of permanent-magnet (PM) machines. In this study, a torgue ripple reduction method, using the combination of number of poles and s The analysis of other arbitrarily extracted models show the same results as the results noted above thus ensuring the reliability of
number of pole pieces was proposed. This method uses the structural characteristics of magnetic gears only. This method was suggested this analysis.
Instead of the existing torque ripple reduction methods for PM machines to reduce the torgue ripples of magnetic gears. Furthermore,
the correlation between the numbers of poles, pole pieces, and torque ripples was analyzed. From this analysis, a design guideline that <+ Therefore, based on the above results, it is proposed that integer gear ratios be avoided as much as possible. Fractional gear ratios
minimizes torque ripples in the initial design of magnetic gears was proposed. should be selected In order to minimize ripples when magnetic gears are designed. If integer gear ratios must be used, it Is advised
_ _ _ _ _ to use the combination with the highest LCM between the number of poles and number of pole pieces as well as the GCD of one
Key words — Number of pole piece, Number of pole, Magnetic gear, Torque ripple reduction, Gear ratio, LCM, GCD, must be selected to obtain the lowest ripples.
Basic model: 4/40 Poles, 22Pole pieces Combinations of Poles and Pole pieces nner Outer pole  LCM . GOD oo oner  Outer  Pole LM 6D
IN-pp  out-pp  IN-pp  out-pp ' in- _ in- _
22 0 Poes Pes Pee 44 40 2 10.0 i i - - i
(s ) — ~ ; 20 40 30 60 120 10 10 2.0
R 42.5 = —©- Outer rotor torque —A—Inner rotor torque =
(o)) 7, 4 38 21 84 798 1 1 9.5 : : : _
= R 345 < O P i T U NI & Sk T ol [ | s | o [ [ w0 | 4 | 4 | oo | |Highripplegearratio | {2
‘O | % % ro P - D ( ) S ) ( ) > 4 34 19 76 040 L L 8.5 9:1,7:1,5:1,3:1 14 28 21 42 84 7 7 2.0
- R 31.15 5 5 1 2 G j 3(2) 13 22 éig i i 32 12 | 3 | 24 [ 24 | 72 | 12 | 12 | 30
e Outer rotor yoke —@ 5 = - - have 10 30 20 20 60 10 10 3.0
o Outer rotor magnets s IS G,:Gear ratio, P,:Inner rotor poles, P,:Outer rotor poles, w,: Revolution speed < j ;g ig ég ;é ‘11 i ;g 8 40 24 24 120 8 8 5.0
. o) Pole picces g 5 of Inner rotor, w,: Revolution speed of Outer rotor, N;: Number of stationary 0 . ” T 8 | 168 > > - low LCM value g ég 12 12 ;‘g g 2 2:8
% [nner rotor magnets O 218 | | P = pole piece I 4 22 13 52 286 1 1 9.5 6 18 12 12 36 6 6 3.0
7, Inner rotor yoke | 0 15 30 45 60 735 90 R LD 4 20 12 12 00 4 4 2.0 and
T) - [nner rotor angle (deg) ange é j 12 i(l) :g 18908 ; ; j'g ‘
_8 "% - Inner ot Outzl(’)gotor Number of Inner poles From 4 to 20, Step: 2 O s | 1w | 9 | 3 | 12 | 1 | 1 | 35 high GCD value It is advised to use the combination with the
= T T e 1 Number of Outer poles | From 610 40, Step: 2 O ighest LCM between the number of poles and
' : : ' ' ber of pole pieces as well as the GCD of one
Torque ripple (%) 24.5% 0.1% : : : 4 8 6 12 24 2 2 2.0 num . .
R15.21 Coar ot T Gear ratio From1.1:11t010.0:1 yR—— T 0 a0 1 T must be selected to obtain the lowest ripples.
Torque Ripple according to The Combination of Poles and Pole Pieces
180% : : 4% 160% : : 48% 160% 48% 400% 160% 140% 35%
) 1602/& | | Olnner rotor ripple ® Outer rotor ripple | | 48?& ) ) 140% | OlInner rotor ripple ™ Outei rotor ripple | | 129 ) . 140% | OlInner rotor ripple ® Outer rotor ripple | | 129 ) 350% | O Inner rotor ripple M Outer rotor ripple | 140% ) ) 1200 | O Inner rotor ripple M Outer rotor ripple 1 300 )
s M | 2% = T 120% - 136% = S 120% | {36% = T 300% : { 120% . T 100% | | 250 &
= L ] - | 2% = = 100% 130% & = 100% | 300 = = 250% | 1 100% E = =
4‘3 5 e T | % 2 80% | 1 24% % S 80% | 1 24% S g 200% | 1 80% S g 127 ¢
S : o | | 7. 5 |Highripple 5 60% | | 1% 5 |Highripple | © . | | . o Highripple & 5., | | s o |Highripple |- 60% | 1 15% ¢
0 1 0 st . et . C — - C 4 - C 0 0 e
3 = 40% | - ’l 12% O gearratio | = 40% - | 1 12% & gear ratio S 40% | {12 8 gear ratio |& 100% {40% & | gearratio |& ‘7 m 1 10% 3
20% ] ' . 1 6% : 20% | 1 6% : 20% | 1 6% : 50% | ‘l 1 20% : 20% | 1 5%
% 0%, =1 |[If=l ||-||II|-||_|I‘I| |FI||||T|| _|JI|| ] 0% 2'1 0% _=.||_|| ||_||-—-I‘I-—-I|_||I||_|-=u__l_|:l:|_IJi|| 0% 2'1 0% | 0% 2'1 0% |_|. i i 0% 2'1 0% Lo | .*.[I].rl]”l,| 0%
— 100 90 80 70 60 50 40 30 20 VRV B R e B S * SRVINQGRGINRRRT A 3.33.23.02.82.72.52.32.22.01.81.71.51.31.2
g: Gear ratio Gear ratio Gear ratio Gear ratio Gear ratio
— . 50% 20% . 50% 2U%0 . JUY% 2U%0 . dUY% 2U%0 .
m Inner POIeS 4 OInner rotor ripple M Outer rotor ripple Inner POIes 6 OlInner rotor ripple M Outer rotor ripple Inner POIeS 8 OlInner rotor ripple M Outer rotor ripple Inner POIes 10 OlInner rotor ripple M Outer rotor ripple Inner POIeS 12
Q @ 40% | — 41 16% © 2 40% F - 41 16% © L 40% | m 1 16% © 0 40% F — 4 16% ©
= & & & & & & & &
o = 30% 112% o _ _ = 30% 1 12% o _ _ = 30% | 112% o . = 30% 1 12% o
- - - . 15 = = = = Z = S - - -
O High ripple gear ratio = 20% | 1 8% High rlpple = 20% | 1 8% High rlpple o 20% | { 8% High rlpple o 20% | 1 8% . High ripple gear ratio
= 91 7:1 51 3-1 z 2 | gearratio | < 2 | gearratio | 2 2| gearratio |2 5 3:1
Ty T T T 10% 1 4% © 51 31 T 10% 1 4% © 51 31 T 10% | 1 4% © 31 21 T 10% | 1 4% ©
0% 1 lom o 1 on 1 oy D b 0% O%J]_I_—_I_E_I_—_I__A_—_A_A_A_-_A_[I‘nhl""_ 0% 0% Lo=tom. |:—|‘_I_|:I]_A_LI_:-'||-I1|:-:|L 0% 0%__|_—_|_|:-'l|--|=-||-|-|||'.1|=‘|-‘_|_.-._ 0%
29272624232120191.71614131.1 25242321201918161514131.1 2221201918 17161413 121.1 20 19 18 1.7 16 15 14 13 12 1.1
Gear ratio Gear ratio Gear ratio Gear ratio
Inner Poles: 14 Inner Poles: 16 Inner Poles: 18 Inner Poles: 20

Presented at the 25t International Conference on Magnet Technology, 2017 Aug. 27 — Sep. 1, Amsterdam, Netherlands; Session: Levitation, Bearing and Separation; Program |.D. number: Wed-Af-P03.07-03 [94]



