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Contribution to Commutation Analysis
in DC Machines with Wave Windings

Toshihiko Matsuda

Abstract

We can find few papers on the analysis of commutation of d-c machines with wave windings, because
the wave-wound armatures have the multiformity on the rotating symmetry.

This paper describes an analysis procedure for predicting the commutation process in d-c machines with
wave windings. The state differential equations of commutation are sclved by iteration technique through the
use of the rotation symmetry of the commutating circuts. This analysis procedure is applicable to evaluate the
bar-brush contact voltages and the no-spark zones of d-c machines which have the short period of the rotating
symmetry.
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i 0 B R 2 U 0 9 2 B ] o) UL AR VEREAT RS R & AR — ISR, MRS
2 - 2EOFETETHEREZAM L TT- 72, BRI, Z0L 0z Ry TEHBEOSER
BITE 2%, WBEp=2 ~10, 2w b N OEEE =1~ 4 O#EHT, 77 0 & iRy
DT BN E BB L T, TREAEBBERLZIERIGEAZLOTHL, K, KOEL
SEHWTe 5,
SL:zvay Mg, KRR THEH, WB: 75 n8 7. 8, AR, REPBNKE
SP g, LP i, YV BRI F (BIETRE Y T8, L, b L 20EN,
FE, RAIB L O RERKEE (BRTRHE FHE), n 5RO NLEORE 2 1 0L,
no : [AIIRFIZBEE A #E 2 5 2 A )V, o RIXRETh/IN
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WERER T ERBOERBITIZOWT 771
HR— 1 o R B ) [ R AR R A7)
No. | P SL | u K WB 1|1 A Y 4 ta ts n | ng| ny
1 2 23 |1 23 2.0 | SP | 22 0.5 0 0.5 21111
2 2 2311 23 2.3 1 SP {22 0.3 0.2 0.5 3111 2
3 2 23 11 23 25 SP | 22 0.5 0 0.5 311 1
4 2 2313 69 2.3 | SP | 68 0.3 0.2 1.5 3111 6
5 4 35 |1 35 2.3 |SP | 17 0.05 0.2 0.25 1211 2
6 4 39 |1 39 2.5 | LP 2 0.25 0 0.25 411 1
7 4 57 | 1 57 2.0 | SP | 28 0.25 0 0.25 10 |1 1
8 4 57 13 | 17 2.5 | SP | 85 G.25 0 0.75 12111 3
9 4 51 | 3 153 25 | LP | 77 0.25 0 0.75 1211 3
10 4 51 1 3 153 2.3 |LP | 77 0.05 0.2 0.75 1211 6
11 4 3313 99 2.0 | SP | 49 0.25 0 0.75 10(1 | 3
12 4 3313 99 2.3 1 SP | 49 0.05 0.2. 0475 1211 6
131 6 44 | 1 44 25 | LP | 15 0.16 0.16 0.3 2012 | 2
14 | 6 44 | 1 44 23 | LP | 15 0.03 0.3 0.3. 1812 | 2
5] 6 53 | 1 53 25 LP 18 0.16 0 0.16 2011 1
16 6 5311 53 2.3 | LP | 18 0.13 0.03 O.l@ 1811 2
17 | 6 49 11 49 2.5 1 SP | 16 0.16 0 0.16 2011 1
181 6 491 1 49 2.3 1SP | 16 0.13 0.03 0.16 1811 | 2
191 6 52 11 52 2.5 | SP | 17 0.16 0.16 0.3, 2002 | 2
20 6 58 1 2 116 2.8 |LP | 39 0.13 0.2, 0.36 2212 2
21 6 56 12 | 112 2.3 1 SP | 37 0.3 0.03 0.3 1812 1 2
22 1 6 43 1 4 172 2.3 | SP | 57 0.3 0.03 0.3 1812 1 14
23 | 6 41 | 4 164 2.3 | LP | 55 0.3 0.03 0.3 1812 | 14
24 | 8 97 11 97 2.3 SP | 24 0.05 0.075 0.125 o511 | 2
25 | 8 99 | 1 99 23 |LP 25 0.05 0.075 0.125 2511 | 2
26 | 8 5 13 177 2.5 | SP | 44 0.125 0 0.375 2611 3
27 8 6l | 3 183 2.5 1 LP | 46 0.125 0 0.375 2611 3
28 | 8 57 1 3 171 2.8 LP | 46 0.05 0.075 0.375 71116
29 | 10 13111 131 1.8 1 SP | 26 0.1 0 0.1 2611 1
30 | 10 134 1 1 134 1.8 | LP | 27 0.2 0 0.2 2602 1 1
31 10 7 2 144 2.3 | LP | 29 0.1 0.1 0.4 322 4
32 110 7312 146 2.3 | SP | 29 0.1 0.1 2.0 3212 110
33 1 10 47 1 3 | 141 2.8 | SP | 28 0.1 0 0.3 36|11 3
34 | 10 78 13 1 234 2.8 | LP | 47 0.2 0 0.6 3712 | 3
35 1 10 73,3 | 219 28 | LP | 4 0.1 0 0.3 361 3
36 | 10 711 4 | 284 2.3 | LP | 57 0.1 0.1 4.0 3202 140
37 | 10 691 4 | 276 2.8 SP | 55 0.1 0.1 2.0 3812120
2. EEH#ANEES
(1) EEREEEGEIT
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772 woH B E
a1 o w21 0
r| 0 1 0 Ra 0 —1
-1 0 0 0
-1 , Fr= ‘
Fr= 1 '
Rux 0 0 ra| 0 —1
Riz —1] Rl — 0 ]
F.—diag[1, 1, -, 1], (10X 1047%1)
F,=diag[— 1, —1, -, — 11, (10X 1047%1})
me=ding| " G0 Ay g BB B 8
B B B B ]
1.0+7 0.75—7 0.5—7¢ 0.25— ¢
R,=(7/Rp) diag[1, 1, -, 171, (10X 1047%1])

(2) BRI NVFEELE BRENECL)EHN L 2 BREEER2M4E- 91277,

FFR-2 5 kwEREEHREREFESRME
R H Ui fESiiEd | bR FHARE TR SRR BAANTATD
b DIEEE FHREF B AR ERE AKX R & IR
(mm) (ms) = t/Tc ec(v) ea(v) BE & X G
-14..0 0.0 0.0 0.498 -0.335 a-1
~-12.25 0.084 0.25 0.572 -0.416 29
-10.50 0.168 0.50 0.646 -0.473 43
-8.75 0.253 0.75 0.713 -0.514 a4
=7.00 0.337 1.00 0.745 -0.566 a5
-5.25 0.421 1.25 0.786 -0.606 a6 b-1
-3.50 0.505 1.50 0.821 ~-0.634 ! a7 b-2
-1.75 0.589 1.75 0.844 ~0.668 a8 b-3
0.0 0.673 2.00 0.866 ~(}.687 2-9 b-4 -1
1.75 0.758 2.25 0.871 -0.694 4 10 b-5 c 9
3.50 0.842 2.50 0.871 -0.694 b-6 c-3
5.25 0.926 2.75 0.866 -0.687 b-17 -4
7.00 0.010 3.00 0.844 -(.668 b-8 c-5
8.75 1.094 3.25 0.821 -0.634 b-9 c 6
10.50 1.178 3.50 0.786 -0.606 b-10 -7
12.25 1.263 3.75 0.745 ~0.566 -8
14.00 1.347 4 .00 0.713 -0.514 c-9
15.75 1.431 4.25 0.647 -0.473 =10
17.50 1.515 4.50 0.572 -0.416

*  EAE T A VORESRAEITY 5 2 4 VUE & B REE O G
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BB EREOBRRRITIZ DT 773

(3) ®BERAaANA>T 75> RFTF 5 kw A ERBEEROER2ANA T 75
> 2 EEEFFE-3IORY, BloBWC, EREBL047 105, SO 10471050, BL AT
1047 1050 2 N FHVNEBEIO, @B LUK T 24> 577 2T TH 5,

R-3 O kw lEBEREERERREIEEA > 57 5> 2475 (B «H)

1.07910.039|0.0 ]0.333]0.104{0.019]0.0 AiOA039 0.104]0.039
0.039;1.079,0.333{0.0 {0.333]0.948]0.333{0.0 [0.333|0.948
0.0 k6.333 1.079]0.33310.0 ]0.333|0.948|0.039/0.0 (0.333{0.104{0.039
0.333/0.0 ]0.333]1.079(0.039,0.0 ]0.333/0.104/0.039/0.0 }0.039]0.039
0.104]0.333{0.0 - [0.039{1.07910.333{0.0 10.333({0.948/0.33310.0 {0.33310.94810.039
0.019{0.948{0.333{0.0 10.333]1.079 OT&%E;OAO 0.33310.948]0.039|0.0 [0.333]0.104
0.0 {0.333]0.948/0.33310.0 10.333 lTEE%ﬂ0.039 0.0 ]0.33370.039)0.039]0.0 |0.039
0.039/0.0 ]0.039{0.104}0.333{0.0 ]0.039|1.079/0.333]0.0 10.333]|0.948{0.333]|0.0

0.10410.333]0.0 ]0.039]0.94810.333]0.0 [0.333}1.079]0.333{0.0 ]0.333{0.948/0.039
0.039{0.948]0.333{0.0 ]0.333]0.948(0.333/0.0 |0.333/1.079(0.039{0.0 [0.333 O.lO?J

0.10410.039{0.0 10.039]0.039]0.333/0.0 {0.039|1.07910.333{0.0 {0.333

0.03910.039{0.333/0.0 10.039/0.948|0.333|0.0 0.333|1.079]0.333/0.0
0.948(0.333]0.0 10.333/0.948/0.33310.0 ]0.333]|1.079|0.039
0.309{0.104{0.039{0.0 (0.039]0.104{0.333{0.0 10.039|1.079
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