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Analysis of negative values appearing in the calculation of the
harmonic electromotive force distribution factor of AC machines

LONG Fei', JIANG Wei’, XU Min-wei' , MO Yue-ping’
(1. Yangzhou Opto-Electrical Products Testing Institute, Yangzhou 225009, China;
2. School of Hydraulic Energy and Power Engineering, Yangzhou University, Yangzhou 225002, China)

Abstract: In order to solve the problem of negative values appearing in the calculation of effective values of harmonic electromotive forces
(EMFs) of AC machines by using the existing harmonic distribution factor formula, the distribution factor in the resultant harmonic EMF for
a pole-phase group was studied and a new phase-synthesis theory of a pole-phase group that there must be a circumcircle for ¢ equal-phase-
difference nonzero phasors which are linked end to end according to the sum rule of translation was put forward. By applying this theory com-
bined with phasor diagram analysis in circuit theory and complete induction in mathematics,a new 3-piecewise distribution factor formula was
induced corresponding to the v-th harmonic included angle between two adjacent slots «,-2km which is inferior angle, straight angle or reflex
angle respectively, followed by the limit form of the formula when g—cc . The data validations for the existing and new formulae were carried
out respectively by selecting ¢ =2,---8,0 and intercepting the 1st ~ 19 th odd harmonics for 3-phase windings. The results indicate that no
negative value appears in the whole process of calculating the distribution factor of harmonic EMFS by the new, which can substitute the ex-
isting formula and be generalized to the calculation of the distribution factor of harmonic magnetomotive forces.
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2,-)  WE 9 FiR,

E. /(g-1)-(@~2k - 180°)
L s

E. /a~2k - 180° /\
el
—_—e---l--.

E, E.,.0°
9 «, —2k-180° = 180° WY E,,
PERAE - o, = vn/(mq) = (2k + 1), BIETEL
v BEBE mq R, . g L RAEL,
BB BB FAREE, = E,

kdﬂ — (_ 1)((]71)(k+1)7u' (26)

qm-%ﬁww= (27)

1
q
3 CHTIH A R A AR He S Bk
3.1 FIBAKXXILE

A T Ik L Bl 3 A B A O

sin (&) sin (%)
2 2

k(iﬂ = = ( 28 )
sin (&j gsin (&)
5 2

AAEEI 2k, +1)m < qual < (2k, +2)m Fl

(2, +1)m < ”;i < (2, +2)w(k by =0,1,2,-) i

AAGEX A BHACE — L 18 ] B SO R w2
Ak, MBLAE(S, N, (@, A HBUE) B
H o YOFBHR SN HARUE E, T (18) , TTIEmE,
WA CGXEANRTRERY ) o Rk, BUA 23 307 7 W] J e ik
B, A, AR A A SR H B S R 2 v 2
HAATER T, & B SRR O SO B B R

N, 2 PR BT I 2o e IR AN, i AR TR
LRI G RE P SR /AW

sin(&) sin(vqa1 )
2 2

qsin(a” ) qsin(va1 )
2 2

A 2km <o < 2k + 1), Bl o - 2kw HEM,
n I RIE 2nm < q(a, - 2kw) < (2n +2)m;

— ( _ 1)(4,71)A'+n — ( _ 1)(1]71)k+n

- L
q
kydXHia, = 2k + 1) 7w, Bl o, - 2kw S, H g B
HEEL
sin(q%t”) sin(%)
= (1)t = (1)t
b q%in(a” ) v qsin(val)
) 2

AHF.2E+ D7 <a, < k+2)7, Bl a, - 2kw N
e IR TFE 2n'm < g[ 2k +2)m -, ] <
(2n" +2)m,

Ak =0,1,2,---;n =0,1,2,-- H2k + (2n +2)ﬁj9$>
vsn’ =0,1,2,--- H2k +2 -2n'/q <,
3.2 #HBERAK ¢ o HAEKLILR

m = 3 Bf,a, = vn/(mq) = vn/(3q),a,/2 =
vm/(6q) 324 g — oo B, U o/ (6g) — 0, :

(a) lime, = lim 2% = 0,
goe g 3(]
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o) L nGme) | enes2) i)

(b) L-ﬂ/l<l¢sf,r>lw gsin(a,/2) o/ (60 gsin(vm/6q) lfw/l<16?)lw - gsin(a@,/2) (-1 /6’

sin(vm/6) WA AHEAZIE AR limk,, =
v/6 sin(ga,/2) in( /6(;oc
. , _ sin(vm
H (a) ALY q— > i a, JoBE T 0 H a, > vw/l(lﬁf,r)lw gsin(a,/2) B v1i/6
> b/ Hr /A It/ Je= - . N

0, MRIBHIHI P AHBAR (29) HFBL ATk =001 33 seipicpmar

TRHE 2nm < vm/3 < 2n +2) 7w, FilIY ¢ — o A,

s T I . E=0
BT PA R TR R limb,, s
g—®

iz FHEA ST A R 3 =GR &, 1Y
ZER RN (1,2) PR,

x1 HAELSGEHLAK L, HEE
T AR ¢
LS i R
YR 2 3 4 5 6 7 8 oo
1 0. 966 0. 960 0. 958 0.957 0. 956 0. 956 0. 956 0. 955
3 0.707 0. 667 0. 653 0. 647 0. 644 0. 642 0. 641 0. 637
5 0.259 0.218 0. 205 0. 200 0. 197 0. 196 0. 194 0. 191
7 -0.259 -0.177 -0.158 -0.149 -0. 145 -0.143 -0.141 -0.136
9 -0.707 -0.333 -0.271 -0.247 -0.236 -0.229 -0.225 -0.212
11 - 0. 966 -0.177 -0.126 -0.109 -0.102 -0.097 -0.095 -0.087
13 - 0. 966 0.218 0. 126 0.102 0. 092 0. 086 0. 083 0.073
15 -0.707 0. 667 0.271 0. 200 0.173 0. 159 0. 150 0. 127
17 -0.259 0. 960 0. 158 0.102 0. 084 0.075 0. 070 0. 056
19 0.259 0. 960 -0.205 -0.109 -0.084 -0.072 - 0. 066 - 0. 050
x2 FHLGEHAK L, HEE
T %
; PSR ¢
LI v
Ry 2 3 4 5 6 7 8 "
| 0. 966 0. 960 0.958 0. 957 0. 956 0. 956 0. 956 0. 955
k=0,n=0 k=0n=0 £k=0,n=0 k=0n=0 k=0n=0 k=0,n=0 £k=0n=0 £k=0,n=0
3 0. 707 0. 667 0. 653 0. 647 0.644 0.642 0. 641 0. 637
k=0,n=0 £k=0,n=0 £k=0,n=0 £k=0,n=0 £k=0,n=0 £=0,n=0 £k=0,n=0 k=0,n=0
5 0.259 0.218 0.205 0.200 0.197 0. 196 0.194 0. 191
k=0,n=0 k=0n=0 £k=0,n=0 £k=0n=0 k=0n=0 k=0,n=0 £k=0n=0 £k=0,n=0
7 0.259" 0.177 0.158 0. 149 0. 145 0.143 0. 141 0.136
k=0n"=0 k=0n=1 k=0n=1 k=0,n=1 k=0n=1 k=0n=1 k=0,n=1 k=0,n=1
9 0.707" 0.333"" 0.271 0.247 0.236 0.229 0.225 0.212
k=0, =0 k=0A%n k=0n=1 k=0n=1 k=0n=1 k=0n=1 k=0n=1 k=0,n=1
1 0.966" 0.177" 0.126 0.109 0.102 0.097 0.095 0.087
k=0,n"=0 £=0,n"=1 k=0n=1 k=0n=1 k=0n=1 k=0n=1 k=0,n=1 k=0,n=1
3 0. 966 0.218" 0.126" 0.102 0.092 0.086 0.083 0.073
k=1,n=0 £=0,n"=0 k=0,n"=1 £k=0n=2 k=0n=2 k=0n=2 k=0n=2 k=0,n=2
5 0.707 0.667 0.271° 0.200" " 0.173 0.159 0. 150 0.127
k=1,n=0 k=0,n=0 k=0n"=1 k=0A%n k=0n=2 k=0n=2 k=0n=2 k=0,n=2
17 0.259 0.960" 0.158" 0.102" 0.084 0.075 0.070 0. 056
k=1n=0 k=0n"=0 k=0n"=1 k=0,n"=2 k=0n=2 k=0n=2 k=0n=2 k=0,n=2
19 0.259" 0. 960 0.205" 0.109" 0.084" 0.072 0. 066 0. 050
k=1,n"=0 k=1,n=0 k=0,n"=0 k=0,n"=1 £k=0,n"=2 k=0n=3 k=0n=3 £=0,n=3

1 # B3 — LR F X ENET BB DR E B A — DT 17 KA 19 Rk AP ko IRE) 19;2. 22 PA: = £ AAX
(29) A Z T FAL AR + = HAF AL I HAL, A8 h S As T FAa

M1 gk 2 MR R T A o =7 2
Jei A A AT IR RV BCE B T G i A 2 20 4
FEAR HBUAE , 5 2e i3 d sh B RUE R IR A & R

FEEEbR,

4

45 A
BB P B4 PR S A

R BB A TR, AS SO S 57 1 204 SR 4L I
B B R AR AR O AT AR R T
AR LR AR5 R LA JEE A 37 B, Ja 4 IX 1] 1 ) 2
AU BARZ B, O 18 i AR B A, B T 0 U
PAHEEPIREIRIIEf o, — 2k 4350 R 25 1 SF- F A A
AR g A2k R g Pl Sh 34 A AR i 5 0 ( F2 25T
FRCHL BB Y oA ) |l SE ARG, B T —
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MR T @, = 2kw 53000 A CE AL 3 40 B
B REA R, AT ¢ — o MRRRIER; HIK,
VR T =AML g =2, -8, o M BIXEHTIHA R K
PEHEAT T ARG UE , 25 5 — e R 25 &k bl 2s 2 3
PO A — 5w 0 17 RAN19 YR , 50 s AR
T 1 ~ 19 W& KK,

WIFS R LW . 5SHA AKX Y0 =7 Z )5 H A7
AN, B A A R R A B A, DI HT A 205 5 b
TG, TR AU,
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