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Abstract: [ Objective ] This study aims to explore the
efficiency and accuracy of distribution coefficient calculations
for fractional-slot concentrated winding ( FSCW) to further
propose  universally  applicable calculation  formulae.
[ Methods ] Focusing on the distribution coefficients of
FSCW, three innovative methods for calculating the
distribution coefficient were proposed and comprehensively
compared. The definition method, based on the classical
theory of winding coefficients, derived the calculation formula
through Fourier decomposition and the fundamental definition
of the distribution coefficient. The harmonic synthesis
method, utilizing the superposition principle of spatial
magnetomotive  force  vectors,  established a  vector
superposition model in a multi-pole-pair coordinate system.
The phasor synthesis method incorporated the concept of time-
domain phasors into spatial harmonic analysis to develop a
winding distribution characterization method in the complex
domain. Using theoretical analysis and numerical calculations
as the basis, combined with analysis of case studies, the
principles, applicability, and calculation characteristics of
each method were summarized. [ Results ] Precise
calculations for three typical slot-pole combinations were
conducted. The results showed that the numerical values
obtained from all three calculation methods were identical.

[ Conclusion ] The definition method considers only the
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harmonic magnetomotive force amplitudes, but fails to
effectively analyze the peak and valley distribution of the
synthesized magnetomotive force along the axis. The harmonic
synthesis method and phasor synthesis method incorporate
both the amplitude and direction of the synthesized
magnetomotive force phasors, thereby making them suitable
for accurately determining the peak and valley distributions in
the synthesized magnetomotive force harmonic. Derived from
different perspectives, the three methods provide three
distinct calculation formulae applicable to various distribution
coefficient calculations, providing a theoretical basis for
optimizing the design of FSCW.

Key words: fractional-slot concentrated winding; distribution

coefficients; winding optimized design; magnetomotive force
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SRR B BOA I R 2514 b A R sh 34 E %
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SR G S AR IR A0 TR b 20Tk H R

T U S AR R MR E BT 1, 25 00 A R R

SR S, TR U I S 2l 3 A B e A3 B Ak

FUEAT 5 5045 ZRBOR TER UG G G sh 3
TERNZRA AL T e 12

3 ZATE

AU — 5 T 18 T 7 XA 11
X1 SR 15 M A T XA 8 XA, 2
SR 24l TS 11 XA 13 4G FSCW
KU N F AL A 8], 33 AS ) B A TRE 45 9 20
A BB AR ANER 1~ 383 s,

R1 2418 1 MRHEH TARRE RS RE
Tab.1 Distribution coefficients of different harmonics

under 24-slot, 11-pole-pair arrangement

WAL TE Xk WAL HRE Rk
1 0.126 1 0.126 1 0.126 1
5 0.157 6 0.157 6 0.157 6
7 0.205 3 0.205 3 0.205 3
11 0.957 5 0.957 5 0.957 5
13 0.957 5 -0.957 5 -0.957 5
17 0.205 3 -0.205 3 -0.205 3
19 0.157 6 -0.157 6 -0.157 6
23 0.126 1 -0.126 1 -0.126 1
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R2 1517 WRHA TRRIRIE RIS RE

Tab.2 Distribution coefficients of different harmonics

under 15-slot, 7-pole-pair arrangement

AR RE X3k WAL MRk
1 0.102 2 0.102 2 0.102 2
2 0.109 5 -0.109 5 -0.109 5
4 0.149 4 -0.149 4 -0.149 4
5 0.2 0.2 0.2
7 0.957 0.957 0.957
8 0.174 2 0.174 2 0.174 2
10 0.2 -0.2 -0.2
11 0.233 0 -0.233 0 -0.233 0
13 0.109 5 0.109 5 0.109 5
14 0.833 1 0.833 1 0.833 1

®3 IEAXNMHATARRIE KT HRE

Tab.3 Distribution coefficients of different harmonics

under 9-slot, 4-pole-pair arrangement

KR REREN WAL MR R
1 0.177 4 -0.177 4 -0.177 4
2 0.217 6 0.217 6 0.217 6
4 0.959 8 0.959 8 0.959 8
5 0.293 1 -0.293 1 -0.293 1
7 0.449 1 0.449 1 0.449 1
8 0.844 0 0.844 0 0.844 0

HZE 1,38 2 FIER 3 a5, 3 Fhoy i T 4540 1
A BCBUEARSE (05 SCE T HIB A 22 50E 1

4 4hiE

ASCHISE FSCW 1734 2 BB IF BT 5, 48
IR T 3 Mo A R BT i B )
BT S RUEH A, 255 S BlseE , TRA SR T AR J5
AU G PV B R s R 2 S A
AR R ER AR IE T RGN S B
FERW, 734 R RO AL ERER SR,
UL Na R DOE TSI R I & SN N AN A aa WYL E L
il 1 U W) R A B L TR, AR SO FSCW
AL BB At T BB AR S , A — e i TR 5
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FIE REOC AT 1, IR SN PR i P ST ) 7
A RO Tk RN TR B AL B S
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