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Machine Based on Magnetic Resonance Coupling with the Word™s Highest Power
Density for Realization of Electrical Aircraft
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Research on high power-density motors has been conducted to realize electric
aircraft and eVTOL (electric vertical take-off and landing aircraft). We have proposed a magnetic
resonance coupling machine (MRCM) based on an induction machine and magnetic resonance coupling. The
MRCM is suitable for the realization of electric aircraft because it can produce power without an
iron core. The MRCM can potentially yield high power and torque, but its practical performance is
limited by flux leakage into the external space. Here, leakage flux is prevented via a magnetic ring

installed in the external space of the windings. Our results confirmed that the MRCM can produce a
power per weight of 29 kW/kg. It indicates that the MRCM is capable of operating with a high
power-density more than ten times that of a conventional motor for electric vehicle.



B X C—19,. F—19—1., Z—19 (i38)

1. WFIEBHAE S M) DAY 5

Mok Tk, BEMbEAi 240 & L2giB & LT 3 WocZeiBEh & ek o &k orzen
BRbE S, ZAUTRER A ) _— 3 1272 D, BURD 2 o FEBENN D 3 IRITZERBENIC
EbHDT, 5ETITEMERESCIENIFTE D, Re—ICL2ERZT TR BRAD
ZEWECE - BE), ERSe Ry hPHBIE LG NS, BEMLEI I NS OEHNBEIS AT
LEFEBTHDOBEERFINTH 5, HMERBRERE O TIIMZEHE D CO2 B H K X 72 if i
Thb, BT VUMb EREDANA T Y v ML Emabiddh R a4 m b L, KigR%E
M EE26H725 1L, CO2 HIRICKE < Bk TE 72O MRANCHIZENINE L Tnb, Zhba3
BT a2, E—XE&EY-V oM (HHEE) REROEXKABEHAET—20 10 FLL LD
BB EOT— 2 BNER S, (ERBEMTOIER ECIIAR R KB TH D, EXHEEHET—
2O DEED 1.5~2kW/kg (2% L CESE) VIOLGEEEES S 2 2O —2 D)
T 5 kW /kg, FRURERETIE 10 kW /kg, KAREMH CTIE 20 kW /kg BN EHIECTH 5,

2. WMEDOBEH
AWFZEO B, 6RO 10 (5LL EO DB 2 "l el 3 D ik & - s hoe—% - FEHK
ZRIETA2Z L TH D,

3. WDk

T FEEOHEEY - O (HAEE) 20k D 10 500 BIZE D 5 72 OIS T 58T
WRETH D, FHHEMIL, BEOTZOENGOLEZ TS 32 & FIRFZHTEL O MEEL T X
STHDBKIBIIKR T T 5 Z & ERRT L7202 T A ¥ L AREORETH H A LIRSS %
WHL, ZHRMOFEE—FZ L LTIMET LB LD TH D, o, MWEOTEE
BLOA TR, BRWEK ) 280l LTERICTHIRERETNRS S, X 1I25EH
Btz @ U 7o 9B ORI IREE & & — & - FERO AWML A2~ T, BEF & BT (=
TRy ST 47 (2E) O 3FZERN LY | EEF & BT O A FIZ T IRR
RBICT D7D v U NEFIEERE SN D, [EEFIZERE A, [FER 7133~ 0 JE R O R
(Z[E E - & [BlEAF- 8 [FI R IS iSRS & L C
IR 52 LT, ZEOHKICL L& Capacitor sz
DOIFAVBER DA LT b [EE 12> & [BlfiE 7
ICERTRLF—0NEE SN THEZ3
ECE B, BRI BRI A LT poiono,
B OE— 4 - FEEHE O B 2 H)
iR L, EXEKEE ANV —2 L7 b
=7 ADMHND bME A AT, §ReE
EENVRHE D AR AR T S, 2Ry
B HE AR RRATRE D F2h L~ LD 200
KW ffE— 2 OFREF 2TV, BRI & >
Sal—y g2k oT10 {%@tﬂﬁ%ﬂ&f Rotating Magnetic Fi.el‘d ) o
EHAET B, Eo, 10 fr U Ay Snemed by mgnctsing cumento T Eowe Rsiete Ben
RELC T~ 2 £l D PGm . BT ik, BXEHX
i, RE K OV « Sl RE LS T 5, Fig. 1. Conceptual schematic of magnetic resonance

coupling motor and generator.

4. WF7ERk R

(1) BERIREAT—% « BEROEARZGT « FRtEMITHIF O fe T

AREBROBFIRFE AT —4 - BEBOFEANINERD 10 (5O & NBEICT 5 72 DI ek
O EBERIIRAE S KOS E— % O Z2BE & T\ 5, #iidliiz 4 57 ocidiit &
O PERRNT R 2 1 T IR 2 Z L AT H D, 2Ty AFETIIHE 1 2T v 7L LT,
R ILIRAE 65— % - FEH MRC machine) DZEALEIE (X 2) Z4ZE L. HMENEEZ W%

1 1

joC, N Joly oLy —oM) jwly—oM) jol, 12 jstwC, 3 l1—s 11?2 3(&1\/[]1 )2 ﬂ o)
= S = r2 S
. T 4zf (1 — 5) 4zf (1 —s5)
I joM PERE] p p

3N (sw)M ?p - (sw)(kO)?
- 7 3, VR
Fig. 2. T-type equivalent circuit of the MRC machine. 2r - ?

(D)

TV, TR0 1k re: TIR2IROBREGL, L& o 1RE 2REIR, p: %k, M: HEA
BB A el 1RE2QERDIFNA L E I XA, C1 el Ce: 1IRE2IRDF YRV H LA, » -
AEE, ko fEARE. Q: QE



(c) Rotor of the experimental prototype

(c) Stator of experimental prototype

Fig. 4. Rotor of the experimental model of the MRC
machine.
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Fig. 3. Stator of experimental model of the MRC machine
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Fig. 6. Characteristics at different slip frequencies at each rotational speed.
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Outside ring to suppress leakage flux (electrical steel sheet) Outside ring to suppress leakage flux (electrical steel sheet)

Stator coil(copper)

Inside ring to suppress leakage
flux (electrical steel sheet)

Fig. 7. Configuration of the MRC motor with a Fig. 8. Configuration of the MRC motor with magnetic
single magnetic ring on the outside of the stator. rings on both the out and inside of the stator and the rotor.
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Fig. 10. Distribution of von Mises stress at a
rotational speed of 40,000 rpm in the rotor with
the magnetic ring.

Fig. 9. Distribution of von Mises stress at a
rotational speed of 100,000 rpm in the rotor
without the magnetic ring.
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Fig. 11. Output power characteristics of the MRC motors. Fig. 12. Efficiency characteristics of the MRC motors.
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