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No-Load Characteristics of Adjustable Field IPM Motor Based on Permeability Modulation
Kiyohiro lwama, Toshihiko Noguchi (Shizuoka University)
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(a) Without magnetic saturation. (b) With magnetic saturation.
Fig. 1. Basic principle of proposed adjustable field method.
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Fig. 2. Magnetic circuit of proposed motor.

Table 1. Specifications of prototype motor.
Maximum modulation current 10 Agc
Number of armature winding turns 6 turns
Number of modulation winding turns 120 turns
Stator and rotor core diameter 4148 mm, 496.6 mm
Stack length 62 mm
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Fig. 3. Experimental setup.
BT OEFMER &2 FAE S D, Fig. 3IZEFRT AT A& R
To AR TIHRET 2 FIEOZ UM AT 5 72 DI EH



EIR CETE {;mé‘*ﬁtfnb A e —& T 1000 r/min {2
A L CRAMBEELEZNET 2.
<$ 2> BARFEETAERER  Fig 4 CHEAGSE
I E 5B 00 R L & BRI R A2 R T, EBRAA
fiEdTm v C, AR E 525 2 LT U MHEBIED A
RIEZEBTE 52 L3b»d, 72, LR/ 0 AT KF
O U MEERIEICR LT, 1200 AT B iRHEIX 2.08 2k &
<, JRWAIERRBIEZEZH L TWBZ ERnb2b, BED
FERING, BET D RIEOFMERH LMo,

4. RE—2 OMHEEEFT

BT 5 LR TFEO SR 72 BEEIL, Fig. 5 (ORI R
SEIFIE A B L OB k@B A, KRR A5 e
W& X TERAN & RS TRInE Y, BRER I E S 2
5EXITERERFEETRBIEDLZETHD, L,
F OB O B TR &3S, ik
FEMCEDZENEHEETHD, £IT, Fig. 6 DLHIT3
FEORNEEEREFTI2ETLVEAEL, BATHE

T

B D A 217> 7=, Fig. 6(@QIZERELB N 25 27- &
= OFARIREE 2 BT A 72010, BRI A 22 KICE &
iz TV 5, [FIFRIC Fig. 6(0)IZTEFRER T2 5 2 T 7en b

T OBBREZ T 272012, BRI 2 EREERHK

(35JNE230) IZEERELTWA, b OFHEET L E AT
— X ERWERT D2 LT, BET D AL RETE OB 72
MHheE CORERN L TWDINERIETE 5, — 5 Tk
D IPM E— Z [ IR E OBLE G 1.0 mmBEDOT U »
CIETHD (Fig. 6(c))o T DUERD IPM E—4 L RE
— X DR RA LR L, KE—2 N AL RGeS L
DO HIERD IPM E—F LRI%ED V7 HOREIFTE D
ZEEHLMNCT D,

Fig. 7 IZKE— X ETNVOERHEFTICH T2 U HEATR
EBILIREA T, AT—% OBERABEEIIERD IPM E—
ZEBBLEHLTWDH I EPMIETEDH, —FTHE
REEZ B LIS ET VLR LS, WET VTR
BIZENDH DD, ZOETHBEIRNEEO A A N
MEZTRTDZETHDODDZENTEDLEEZTVD
5. F£&&H

AR CITEME H W CIREAMFHEE TR ERBR A I L,
RET D AIERETFEOZ Y AR LI, £, KE—
B DB RFGEPIERD IPME—F DZFNERETH D -
ELERTE L, ZO/MELY, RE—FIINERD IPM E
—Z LR%ED MM E#fFTED, — T, BETD
RIS G TR O BRARIRRE A Bl L 7o T L L iR L2 35 E,
FHRBEN 2B L+ EIEEVER, ZoZ Lixsbh

LYEREM EORMAH D Z EEBERLTRY, SHRITRE
I B A ZE T A T U 7o AR R IR A UBRRS O i e
SVWTHEF L TW FIETH 5,

15

10

U-phase voltage (V)

-10

-15

0.0

1

L%

Saturation area A

o3puq ON |

-
'S

i F,=0AT F,=0AT
»° — Experimental 12 I Experimental
.9 — Analysis ?, B Analysis
Fn = 1200 AT < 10 Fp = 1200 AT
= = Experimental 8 s W Experimental
= = Analysis é A Analysis
o 6
1)
£
AR
“aremmnns’ = 2 7
/
7
0

25 50 75 100 125 150
Time (ms) Order
(a) Waveforms. (b) FFT results.

Fig. 4. U-phase voltage in no-load condition.
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Fig. 5. Magnetically saturated areas of prototype motor.
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Fig. 6. Leakage magnetic paths of compared models.
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