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Torque [Nm]

Bt Lh0/NBER =1l
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A Maximum

torque Gear
Motor o

E—SDH e ML, BERRE

High speed

Speed [rpm
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1. tHzRE= wIEREBELESRIECHEITERE

BEO—50 E
EARHIR AR
7, order Z-Z, order

WSHEAORbORY: 2 -2,-7, \ /

Frtk:G=2,/2

(BERZEE D]

S Al
A

0 60 120 180 240 300 360
Mechanical angle [deg]
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2. RFT7ERVCETBIE -2 AT LDIRE

Ws+7
e s MMSG
BHOERE-S )

¢ Compact and light weight

* High efficiency
* Maintenance free

/- |
» : * Low vibration and low noise
In-wheel Motor drive system

Multiple Magnetic Multiple Spur Gear
high speed motors

MMSGD4FE Zy
. BRO-IEHNNS, HEEER (S EREREN N ] 5E
. I7Epy IO FRREENIM R GEE DMK

EHAEDEBEHEE—Y + MKF7(MMSG)DE—YSATA
=/ E(LEE R EEIR
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3. EVAA >R A —IVE-92 AT EABELIRRE

O :%51L1c4 0 KWDOMMSGE—H5> AT A

U SEE-9%30@EER 0 )

: Output rotor
___________________ High speedmotors 1 [nputrotors 26.5

70 i 26.5 =5

T | - e g 10
135 1 Y ] Wheel diameter: 16 inch
i ‘ i - * Output power: 40kW
"""" ‘ =
304

,,,,,,,,,,,,,, 360 * Maximum torque: S00Nm

- —HNBREBERE-ID5E0D
= OEEEES50000[E$E /5> THRED

. $7LE1:20TENAOZER Y,

[

-

= ) ) Y
== * Maximum input speed: 50000min-' i
o * Gear ratio: 1220

[

(]
[ J

E * Number of motor: 30

i+ Output power of one motor: 1.33kW "
i * Maximum torque of one motor: 0.83Nm i “
!+ Maximum speed: 50000min! i

; Unit [mm] ! Unit [mm]

O YA X0RE

= 40

40
A\E‘ 35 35 m Gear = Motor
Z A =
S 25 25
52 2% v (X OE—TE)
o 2
210 (% 10
55 5
& 0 Outer type 0 Outer type
MMSG+Multiple motors SPMSI\}/IIP MMSG+Multiple motors P

SPMSM
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4. 221 —232(CLDHMMSGOFF I

O B ET I

Model

Conventional magnetic gear

360

Stack length [mm]

Air gap length [mm]

Pole pairs of high speed rotor
Pole pairs of low speed rotor
Number of pole pieces
Number of high speed rotor
Gear ratio

Output power [kW]
Maximum gear torque [N m]
Maximum motor speed [rpm]
Core material of low speed rotor
Permanent magnet material

34.5
0.5
3
60
63 -

1 30
1:20 1:20
40 40
500 500
50000 50000

Magnetic steel sheet (35H300)
Sintered Nd-Fe-B

Magnetic steel sheet (35H300)
Sintered Nd-Fe-B

Mass of magnet [kg] 4.2 2.6
Gear weight [kg] 17.1 5.7
m EAIEAS 9
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4.1 F7DOMVIERE (21 —a A4EGR)

720 (7T B M IEE] 500 (EROBSET)
5 Designed point
£ 180 188 kNrh/mP | ®
~ 160 é 400 — Low speed rotor
2 140 —L =] © 300 — High speed rotor
2 =3
é 120 2 200
< 100
> 80 ¢ 100
40 —— Magnetic flux modulation gear 0 60 120 180 240 300 360
20 Electric angle [deg]
0
4 6 8 10 12 14 16 18 20 22 600 (MMSG]
Gear ratio 500
MMSGEEWVNIIEBE Zimc s ‘=400 | . 4 rot
- . Z, —Low speed rotor
@:F?ttl . 20:188kNm/m3 % 300 — High speed rotor
o
S 200 |
— RS RE-ADNIVIZE(EIS50kNM/m3gig 100 |
SMMSGZRWSE TR MVIEE(EH Bl EE 0

60 120 180 240 300 360

(BEME, TUIREIMROE—F: 45kNm/m3) eectic angl [ded]
I EALEAS 10
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4.2 7 DFNFREIBR (2L —2328ER)

(EIETREIE O RE R

. . DRECITTBE TR
m Conventional magnetic gear B MMSG 20 (BIERE (XS S+ 775h =]
100 m Core loss
90
1 -
—_ 80 ~ > @ Eddy current loss in the
Io\i, 70 i magnet of low speed rotor
é’ 28 § 10 B Eddy current loss in the
D o magnet of high speed rotor
o 40 3
= 30 O s | 11.5
20 0.001
10 0.018
0 10 2500 ° -
Soced of | 80(21 tor [min-'] Conventional magnetic gear MMSG
peed of low speed rotor [min
200 16000 50000

Speed of high speed rotor (Motor speed )[min™!]

« MMSGIEERMBEICBVWTHERENIZEII%NHNESND
- MMSGIHEAERBNAUIVIEZ KIRIKRKTES
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5. EHERRICL DT

)

EHED

J——

il

[MMSGE//FHDILER]

o 1 \\ NIEN N\
\ ) " \ %
\ \, 2% e \‘ i
. %\ N 2= €
\ \ 9
73 g, A\
\ &Y 2 AR

%S4

Gear diameter [mm] 220
Diameter of high speed rotor[mm] 20.3
Gear stack length [mm] 26.5
Gear volume[m?] 1.007*1073
Air gap of high speed rotor and low speed 0.5
rotor [mm] '
Pole pairs of high speed rotor 3
Pole pairs of low speed rotor 30
[Number of high speed rotor 15
Gear ratio 1:10
Gear maximum output power [kW] 25.5
Gear maximum torque[N m] 197
Maximum input motor speed [rpm] 50000
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o

HARD ST MITIRAE— Y2 ER
=%, BBICIATLEZIEMN ! j

EIRE—HEA DI —FDIEAR]

Maximum output power [kW] 1.7
KV [rpm/V] 986
Maximum speed [rpm] 60000
Maximum inverter current[A] 130
Maximum inverter voltage [V] 51
Inverter size [mm] 35 %23 X105
Inverter weight [g] 155
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200
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[
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o
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50 —Simulation(2DFEA)
B Experiment
O | | | | |

0O 30 60 9 120 150 180
Electric angle [deg]
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5.2 F7RNEOAITEFSR
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3 50

300 600 900 1200 1500 1800 2100
Speed of low speed rotor [rpm]

3000 6000 9000 12000 15000 18000 21000
Speed of high speed rotor [rpm]
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