eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

BROEIRITHREETBMEAT—21EREE
KNIBICEZASEHNEBEETENROE—S

RFEXF BIFH BIEFRHFH
2R R MA

202348 A 29H




AT 2EMREDHAXIRIGEE—F-HEERAT L

¥l A

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Oﬂ%?‘i'im’ 7
*ﬁz%ﬁ(:E A FE

TnITI

O*i%%%(ﬂ?ﬁi)

I*

&

\.Il

—> E

BRRITHE (22
==

T SVER - S N FRETTHAL -

JBEE, $KiE, J‘Lb%%

FEFD BRIERIER
BENVMART L, BRORE
—EEEREXLEFHICAELTEIRILT—TEEL

FICHRENROE/NMILEEER
ESH-YOHNINZILEER

O F ATl D B #J
10 ~20 kW/kg ODmHjjJ TEDE—XHEEW AT LEZRFS

)R BEIE: 1~2 kW/kg

R IRDE

- BAREZRPI: 8kW/kg =

(Bh=E

S BEEIE-/N(D

FOEK

EHE), IND—IZL OO DR (A2 71N\—73)

EENMZER),

B EN i ZE K (BRK) 10~20 kW/kg

S =)

SO N E

B E—4 R




npold. TEHAZREINGEEED

R R ES

SEEERMEE /NN (D) KB g B
TR EE

EiickO—>

EEMZEEDERIE
B Y-UDHNZEE 10kW/kg LLE
— .
% r_ 151 IﬁJkO)zF‘O) 40,000 rpm [Z&->CH DB E24E

—r-

@ E—FEREHOIRILT—

B R EEI & 5 RIEA /N (4 E )

'}

IKAWABDHTIEL E

Sff] #e . &€

HAREDEXRBEENDERHE
3% HATEHE

PR g




b

ks
-—90)|_

'I"I'

L

E&

1 JIP=N x B, X ac X {K75
B HREE, AR LYDTURTIALEHE)

";‘Pd = N X B, Xxac

BRiRE,

AREICT HITIE?

H

*xmbm

)d#
il

(Lo

El
Kt

=it
c

= @0)1:3'21: T X @ms'zm



b

=R [ElER b DERE

O EELF DM EE
g (EM) SREOTHMR, SRESE
JEEE (FERETEM ) - sR1E FE 4 A5 C-FRP, G-FRP

C-FRP > G-FRP > SR EMMEERE

& ks (HRriExR)

SRR R (X EIER D 2FIZLLHIL TEBEIZE M
M R385 oc N2

EID AT HiEmEEESEIRICHEITHESKR

= KHHTEEIEH




DOXRHE A CEZERRBIEEZFAIREIZT BIZIE ?

PR E DORIREICBAL TIE,
FRIRIR = TR E THEZE=DC-FRP (FEMEH)
— C-FRPDIEMETEM [ZFFEOERRR  H AT KMIEIZIET
-JERMEMERICx T HH DERDEEICEL TIE,
BLAHBREK WHREIRGES
22D ILHAEEN-ZERIZE T, EHFIEEMTIEE




OEEEER: BMALRGEEE—2-HEH

b

iR . VA VY LV RABNGERE+FEET—F OFEFHDRERES

-phase winding

TAYLREAGE (1) + FWE—4
B E 7O EEH AL EET O EEHANALIERS

h Rotor
Capacitor

Resonance at sw,

Stator

- r} I ‘7 Coils

Wireless
power

Resonance at w,

Non-magnetic material(FRP)

transfer
Non-magnetic materiaI(FRP)/v ‘ f
Rotation w,

Rotating Magnetic Field generated by

o Rotating Magnetic Field generated by load current : sw,
magnetizing current : w, 1

w; =Sw; + w,

* (1)Experiment of wireless power transfer by MIT,. Science Express, 2007
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360Hz 1kHz (Resonant state in both stator and rotor) =

I SRR AE SIRARE -
P === |

= o

- 0.022-8

=/ 0.0066

1kHz (Resonant state in only rotor)

Resonant frequency : 1kHz Current density of stator windings:10A/mm?2
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(I, REEA) Yk
B (T 7a7) TEBRT 2D TS EXIEE O

I = = N N N

Primary frequency

1750 1750 3460 3460 6920 6920 10510 10770
(Power source: f (Hz))
secondaryfrequency — gs 45 g333 1366 1266 2533 2533 510 770
(slip frequency : sf (Hz))
Slip: s 0.0476 0.0476 0.0366 0.0366 0.0366 0.0366 0.0485 0.0715
Input voltage (V) 505 1214 511 1228 410 987 261 956
Primary current (A) 17 40.8 17 40.8 17 40.8 17 40.8
Current density of 10 24 10 24 10 24 10 24
primary coil (A/mm?)
Secondary current (A) 6.08 14.6 6.4 15.4 6.45 15.5 5.99 22.2
Torque (Nm) 2.18 12.6 2.30 13.4 1.85 10.7 1.13 10.0
Output power (kW) 22.8 132 24.0 139 19.4 112 11.8 105

Efficiency (%) 88.8 88.8 92.5 92.5 92.9 92.9 90.6 89.8
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it 18] 5 8 38 i 1k 0D = AN A Rk

SEEAIEREES
fo x =
27 p
Primary multi-phase Secondary multi-phase
inverter inverter
4 N 4 )
. Y, /\/ . Y,

fz (Hz)

Primary multi-phase

lti-ph
windings Secondary multi-phase

windings

Basic configuration of a doubly fed AC machine
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IARY=(2REIERHEF DEIERERE) .~ (1 REIEREESE D BERERE)

(1 £YINELY) ) &R \J/
(— 1) =
®| —wq| < |-w,| ,

Do <o, 0 < Wy = —W1 +w
Wy = W — Wy m L2

(EISEF ORE = 2RI= %4 % 1 ROATHEE) (0m = —01 = (—02)

“N ITARYMN 0 DIFE

FRYAREADBE n
[E] HAHE - EH SR
Quwp > wy, |—wz| < wy or |—w;y| > wy @ Wy, = w1, wy =0
Wy = W1 + Wy
(0, = w1 — (—w3) ) (W = 0wy —

wy IR ZSHEESEIMEDREEADEE, v, 2RESESBRNMEDRIEHEFDEE, w,: BETFOEE
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Mix sz
2

. Secondary

Primary multi- multi-phase

phase inverter ! in\;erti

o \ Primary

@ | | | @ three-phase winding

—f, /(\I-//z) 2 o — Stator core |

\Ijvriirr]ré?rgsmuIti-phasei\""*‘--\-:~ s _ ”‘::;sl.ve}:]z?:;sry multi-phase @ Stator / » | 7
Table 1 Specification of an analytical model of the doubly-fed AC machine W\\ U\\\\\\\\ ”WI}}J /}}//}/}/}

tator otor otor e \\\\\\\\\\ /////////
Pole/Phase S 4/3 R s \\\\\\%\ /%%//;///(/\Z)\Z//////
Effective length(mm) 150 Rotor core \\\\X\\\ %

¢
5

Gap length(mm) 1 Secondar :
Outer diameter(mm) 235 176 th ree-phayse winding %
Magnetic ring thickness(mm) 20 20
Number of turns 60(/phase) 56(/phase) Fig. 1. Analytical model of a doubly-fed AC machine
Series AT (at 1 pu) 2448(6.1 A/mm?) 2448(4.0 A/mm?3)
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Niig A =
60 |
,=5A :><:: ,=5A
£ ,=15 A ,=5 A
2 . L 4l
3 360 I1=5A @@ ,=15 A
2B A H1 318
4 I,=15A ﬁ ,=15A
mﬁu)unqs Nz 11 5 zﬁﬂg)\ﬁ 3%
Current-phase difference (degree) T: Torque, M: Mutual inductance, i, : Primary current,
I, : Secondary current, § : Current-phase difference
C-prim. :1pu, sec. :1pu —prim. :1pu, sec. :3pu (angle between the magnetic pole)
prim. :3pu, sec. :1pu —o-prim. :3pu, sec. :3pu

Enhancement of torque by increasing the primary and secondary current of the doubly-fed AC
machine
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