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MMF Analysis and Application for Arbitrary Air-Gap Flux
Density in Multiphase Induction Machines

MEI Zeting, CAl Zhuojian ,ZHAO Rongxiang
( College of Electrical Engineering, Zhejiang University , Hangzhou 310027 , China)

Abstract: Torque density enhancement of multiphase induction machines ( MIMs ) depends on the reasonable
construction of non-sinusoidal air-gap flux density travelling waveform. Due to the defect of traditional strategy with
amplitude and phase shifis control of phase currents which can’t yield the desirable flux density travelling waveform, the
method was found to control the phase shifis, amplitude, frequencies of phase currents. MMF distribution expressions of
MIMs with typical winding structure and arbitrary phase number based on the MMF waveform produced by one current-
carrying conductor was derived. Phase currents were unsymmetrical and contain arbitrary higher harmonics. According to
the conclusions from MMF analysis of MIMs above, the pole pairs of MIMs could be controlled by phase shift between
adjacent phases. In the case study of the air-gap flux density wave approaching square wave, the magnelizing current
wave was analyzed and predicted in the light of the method of MMF analysis. It is found that phase shifts of voltage
harmonics should be finely tuned, so that the current harmonics are in phase with each other in terms of FFT analyzed
results from the comparison of predicted wave with the magnelizing currentl wave under square wave vollage power
supply.
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double-layer and short-pitched distributed windings
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Table 2 MMF travelling wave harmonics distribution produced by fundamental frequency

current excitation ( phase shift =21/n)
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Table 3 MMF travelling wave harmonics distribution
produced by 3 times fundamental frequency

current excitation

54 7H 9

PR MR B BB BRI BB fRE R

3p -1 w.J/p 3p -1 w.J/p 3p -1 w./p
Tp  =3/7 -=3/7 11p -3/11 =3/11 15p -3/15 -3/15
13p 3/13 3/13 17p  3/17 3/17 21p 3721 3/21
17p 3/17 -=-3/17 25p 3/25 -3/25 33p 3/33 -3/33
23p  -3/23 3/23 3lp -3/31 3/31 39p -3/39 3/39




(8 - f]

1, % ZRRN BAVERIFERSIREBEVE B DT SN A .53

R4S AERIB AR SRR B AL
HEH BAT WA WA
Table 4 MMF travelling wave harmonics distribution
produced by 5 times fundamental frequency

current excitation

541 7H 9

WOEC MM A BN IEE EE BT fRE EE

3p -1 Sw./3p 3p -1 Sw./3p 3p -1 Sw./3p
Tp  =3/1 -3/7 11p -3/11 =3/11 15p -3/15 -3/15
13p  3/13 3/13 17p  3/17 3/17 21p 3721 3721

17p  3/17 -3/17  25p 3725 -3/25 33p 3/33 -3/33

23p  -3/23 3/23 31p -3/31 3731 39p -3739 3/39

TEAR 3 ~4 T WEB SR (14 1 BRI 32 DR/ N B
SBURFDOF TR RN 80 04 i 5 38 1% W (L R 38 R0, e
AR BTG S F B 0 B 3p, B 2 T AR &, MR (L
5900 2 V2N Iin/3mg, 2 V2N Is/3mg o 15,15 535
2 3,5 WAERHL IS A RE . 4 3 ~4 R, #Esh
SNV 1) e 2 o 5 T R DR/ RO, T L i A
G IR NEEE R I (S OOk € S eyl vanI Eantaiidivy
BT | [R)IN , % sh i iR B S AR R LA AR AR
AH R L 2 [R] AR 6 254 G o
1.4 AXMRSEBRREE THENB SN

U FEL VAL P R IR 0 B AN X BRI, R 35 A <A FR
AN ZE A A 2wh/n,h =0,1,2, -+ ,n =1, AHH
L WRELAS A AR A 3 T LU P 22 R X R A2 4 R fifk ke
HLL A X BRI A 2

FEAX(13) 1 a =exp(j x2m/n) ,n D AXTFRAA
B L LLHS R+ SRR R L, a7,
e,V L o AR RR AR R AR T R R,
T A ] 4 70 A 2o e TR R FH T AN 0 PR 2 A i A
TERITHIE o

o] 11 1 B
Ll ! a a’ a"! I
i, 2% 1 d a* |
: 1 o' gD o
i, ]
(13)

H—H n AHAEHLAE FAHRL XRS5 TAER
X BN S B IRORRE Sh #EIRs 25 1 T Ho2e 7= A= Bk 3h
B AR RA R A AL, IR R sh 347 0™
e PR BEATAE . SAFTEEE b R, i, Bk
AR RA T, a0V T, — A
Eo XN, FAI R LU R AR R S A T AP A -
v=p(kn+h) k=0,1,2,---;A=0,1,2,---,n-1,
(14)
v R T2 R A (14) b, i AR E AR, AR,
MAHBOBR Z I, X FR o B H W 23X 22 AHH
PLAY AR BR A 1 55 Ab—Fh Jr i 28 AR AT A H, I =2 1)
AL 22 A Z B L i 4 2y =, Bk 1 ~
31§k S,

A5 54RO ©AAR YRR F AR5 B 09 RE S AR

Table 5 MMEF travelling wave harmonics distribution produced by phase currents with different phase sequences
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MMF harmonics analysis of electrical machines
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