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Preliminary Study of Squirrel Cage Type Induction Machine
Utilizing Space Harmonics for Secondary Excitation with Concentrated Winding Stator
Masahiro Aoyama *, Toshihiko Noguchi (Shizuoka University)

This paper describes a novel squirrel cage type induction machine utilizing space harmonics for secondary excitation. The

unique point of this proposed technique is able to utilize space harmonic for torque generation. Its space harmonic is inevitably

generated by concentrated winding structure. The magnetic circuit topology of brushless secondary excitation technique with

space harmonic and its effects on torque improvement is conducted by FE-analysis. Then, the driving performance are

analytically revealed by comparing with a conventional squirrel cage type induction machine.

F—D— R hIEREEE, T, EPEXT—4,

ZEf @A, 77 LA

Keywords : squirrel cage type induction machine, secondary excitation, concentrated winding stator, space harmonics, brushless

1. ZL®IC

WA, HIERBE A~ OAMRI O FEER B T D BUiA &
LT, BREANF =BT L X —ICE T 55 —%
@%@@M#%<*@%n1méoLWEﬂfé%@%—
2 O—fFlL LT, KAMAXFEYESE IPMSM) &M
REGGFEHEEE (WFSM), #FEEEHE IM) 2EN%ET
Hib, IPMSM iZFE bV Y, @R Vo fFREHT 5
N, —HTFAVLEEERN XA T OEAITFE O
REALIC L 2 EHRE D 27 ML Y 27 2 H5¥ 5,
WFSM 13— 13 fash s i 2 o Cr — &%ﬁmﬁ*
Bz, BREEM LRSTTHENMENE W 2R AT D, 1
®%é,%ﬁﬁvyfwfﬁﬁwmﬁﬁﬁﬁ%%%kbﬁ
wtw ER M L ARSFIEA I, & B SRR IS FE R 5 BE
iz ﬁm%%ﬁﬁfﬁﬁTétw Z%/AME%M
%&ﬁ#gﬁ&ﬁﬁ&:xbﬁ_ EMENE, L
»L,Mtﬂ%@M&%@#é&%—&@%&b»ﬁ%E
MEL, BEARDMEREN EAHEFEINTHD

IM OENRILOBHLA & LT, [mllEF- 7 mmfric $4589
LA 8y bR IR R O @I R A KT 5 7201
[mliE A1 v MR ZEEL L7 BR A<, PWM A > /3 —
ZTEHEHESNS IMOF Y U TH (Fv ) 7Eiflikick-T
[ E T, [EER 780 LONERTHRAET LK) DM
Hr OB RS STV, —J5, REFEEE N 2013

[ III-143]

EIZHED £ EOTEERCITRIERO—FlE LT, &k
DK 40 % & BIRKITEDDEABKE N, —kbiH#E %
KT 2 B CTHEFERAT —F D IM OWFFERHRE ST
NWHDO AR M L9752 L THICEBIEARO L I
D ZR_R— BN RKENE—F IZBWTa ALz
RAR—=2HEIC KD/ EEDOHFEAY v PR KREL R
Be LinL, BT — 1T ERC HAR Bl
)t U CHiAR D E 2 Y22 ] i e 23 BE A DK 50 % T8 A3 2
W0, ZofER, EMEFHKICE > T —2 i CHERE
NWFEAEL, R KRR NAEC D, Tabh, AN
EHERE U 590 21 Tide <, 22 ic 9
DT HEBE LR RBIERHEITOLERD D,
FROMBEICES T, AR TIRZMERED Ly A
WCHIATE 577 2 LA IRBIBEEIIRORE S L, BRI
HHZ X2 DO RE BT Do AT 1L 22 M i i Lt
KU CHAT DB E ) &R 2 RFH20, AT
NI r — 2 EED TRET 5 2 & T by BAEICHERT
WKHEHALTWS L ZABRBETH S,

2. WMKEBRHSAa LT

(2-1) EhEOBRTFEHR IS Fig. 1 ikl
AT —ZHEEB LA T — 2 Eiia 779, Fig. 2 I Fig
L(b) DB (T)~THOIZ R DB EAL LT ¥ v v 7R )

R, Fig. 3|2 Fig. 2 OB & FAWE & 55 2 RZ= [ mil

© 2018 IEE Japan



% 30 R ERPERIC AT &

| 1 T T, Ty T

- 3

i -(’" Sollid rotor &
o =i

2

3
Stator © s

{ Disrributed
= wimling)
L] 10
%’fé%f%ﬂ/f%f%/?f% T st 0 6 120 150 240 300 360

0 ad (ke W0 deg elec) Electric angle (deg)

(a) Concentrated winding and  (b) Three-phase armature currents.
distributed winding structure.

Fig. 1. Simplified armature winding structure and each time of

armature current waveform.
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Fig. 2.  Simplified magnetomotive force distribution without
slot-opening harmonic in air-gap with respect to each time of current
waveform.
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Fig. 3. Magnetomotive force distribution of Fig. 2 approximated by
fundamental waveform and second-order space harmonic.
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Fig. 4. Armature magnetomotive force and squirrel cage rotor
design concept.
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Fig. 5. Slip-vs.-Torque characteristics due to fundamental rotating
magnetic field and Slip-vs.-Torque characteristics due to 2nd-order
space harmonic. (Desk calculation with general motor parameter)
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Fig. 6. Downsized prototype for principle verification.
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Number of poles and slots of stator 4 pole, 6slots
Stator diameter and stack length $125 X L8O
Number of rotor slots 24 slots
Armature winding resistance 1.0Q
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Number of armature coil-turn 110
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Fig. 7. Slip-vs.-torque characteristics.
(Fundamental rotating magnetic field: 1000 r/min)
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Fig. 9. Slip-vs.-torque characteristics at fundamental rotating
magnetic field: 1000 r/min.
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Fig. 10. Rotor current in rotor-bar conductor under slip s, = 0.2.
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Fig. 11. Magnetic flux density in air-gap and its harmonic contents

under slip s, = 0.2.

(a) Fundamental magnetic flux. (c) Third-order time harmonic.

Fig. 12. The contour of magnetic flux density and its flux lines.
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