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.1.

 (1)  ( .1):
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 1 – 

 2) -

.

 3 

j
*

, 

j

jk j
*

.

 4 -

, 

-

-

-

 (  2).

-

-

 (  5-9), -

.   5 -

E

.   6 -

.

k :

kWd , kWr kW0 .   7 

 1 Z/2.

 8 

 9).

-

.  , 

-

.
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, 

, 

.  

.

.  

.  , 
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, -

.

, 

, .

-

,  – 

.  

Symmetry-23, .

-

 (2  = 6) ,  24 -

, q = 4/3.

 ( ) -

 – {2, 1, 1, 2, 1, 1, 2, 1, 1, 2, 1, 1, 2, 1, 1, 2, 1, 1}.

,  (12 – 

 6 – ), .

, 

.  

2, 1, 1, 1, 2, 1, 1, 1, 2,    2, 1, 1,    1, 2, 1,    1, 1, 2.

 8 .  

, .1.

 1 – 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

 A z B x C  y A z B  x  C y A z  B x C y

 {Nj} :

{N1}=   1,    2,   –5,      9,  –13,  –14,    17,    –2;

{N2}=   4,  –8,   11,    12,  –16,    20,  –23,  –24;

{N2}= –3,    6,     7,  –10,    15,  –18,  –19,    22.

, .2.

nj ,  {Nj} 

{wj
*
} -

 « ».   {wj
*
} 

,  1.

 « » -

 « »  ( .3) 

.  .3 -

-

,  2,1% (EC
*

EA
*

EB
*
).

, .

. ,  1% 

.
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 2 – 

.  , -

.3 , EA
*

EB
*

-

 EC*, .  

, , 13 = 23 = 123,3º, 12 = 113,4º, 

 120º.

EA
*

EB
*

 3,3º EC
*
.  , -

 2, 14, 11  23.  -

w
*
= wk /wmax

.

-

. w
*
 = 0,642 

ij 120 , 

.2.

.3 , 

7,391  0,422.
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 3 – 

 4 – 

-

, , , -

EC
*
. -

-

, 

 – -

.

. 

-

:

w
*
= EA(B)

*
/ EC

*
= 6,97/ 7,391 = 0,943.

-

, 

.4, , -

-

.

, 

 « » -

, 

 *.xls, 

.  -

-

.2  3

. -

,

-

, 

. , -

kY3, kD03, kDd3,

kDr3, kW03, kWd3, kWr3 -

H03, Hd3, Hr3

 =  = 3.

.  , kWd3 -

 0,936  0,945, kW03 kWr3 , -
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.  

(2  = 6, z = 24), 

 2  = 6, 

30, 42  48 .

 2 – 

k kD0 kDd kDr kW0 H0 kWd H kWr H

1 0,5 0,128 0,102 0,165 0,064 0,204 0,051 0,163 0,083 0,265

3 1,0 0,034 0,936 0,025 0,037 0,040 0,936 1,000 0,025 0,027

5 0,5 0,308 0,132 0,022 0,154 0,099 0,066 0,042 0,011 0,007

7 0,5 0,128 0,165 0,102 0,064 0,029 0,083 0,038 0,051 0,023

9 1,0 0,526 0,104 0,039 0,526 0,187 0,104 0,037 0,039 0,014

11 0,5 0,308 0,022 0,132 0,154 0,045 0,011 0,003 0,066 0,019

SD=0,10986 SR=1,06067 S0=0,07276 d=0.24330 =0,17054

 3 – 

k kD0 kDr kDd kW0 H kWd H kWr H

1 0,5 0,110 0,136 0,050 0,068 0,216 0,025 0,079 0,055 0,174

3 1,0 0,000 0,000 0,945 0,000 0,000 0,945 1,000 0,000 0,000

5 0,5 0,265 0,065 0,142 0,033 0,021 0,071 0,045 0,132 0,084

7 0,5 0,110 0,050 0,136 0,025 0,011 0,068 0,031 0,055 0,025

9 1,0 0,588 0,011 0,185 0,011 0,004 0,185 0,065 0,588 0,207

11 0,5 0,265 0,142 0,065 0,071 0,021 0,033 0,009 0,132 0,038

SD=0,103849 SR=1,04444 S0=0,048106 d=0,19640 =0,1482

.  , kWd3 -

 0,936  0,945, kW03 kWr3 , -

.  

(2  = 6, z = 24), 

 2  = 6, 

30, 42  48 .

 (2  = 6, z = 48, q = 8/3), -

, .  -

, . -

. 

: 3, 3, 2, 3, 2, 3, 2, 3, 3 

:

:  1,  2,  3, -9, -10, -11,  17,  18, -25, -26, -27,  33,  34,  35, -41, -42;

:  7,  8, -14, -15, -16,  22,  23,  24, -31, -32,  38,  39,  40, -46, -47, -48;

: -4, -5, -6,  12,  13, -19, -20, -21,  28,  29,  30, -36, -37,  43,  44,  45.
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.5,

.5, z = 48, 2p = 6, y = 8.  

, -

.6.  -

 (  1,1%) .7.

)

)

 5 – z = 48, 2p = 6,  = 8  ( )

 ( )

 6 – 

z = 48,

2p = 6  

-

.  -

-

.5.

-

: 23 = 31 = 120,87º;

12 = 118,25º.  

-

.  

:
*

=
*
 = 15,258;

*
= 15,0953.

( )  -

 1,07%.

-

.  

-

     ,   
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 7 – 

z = 48, 2p = 6 

-

 (z = 24).

-

.  -

-

.5.

-

: 23 = 31 = 120,87º;

12 = 118,25º.  

-

.  

:
*

=
*
 = 15,258;

*
= 15,0953.

( )  -

 1,07%.

-

.  ,

 (z = 24).

.  

, 

.  .8 mm ( ) ww (

).

«A» «B» «C» wA

*
wB

*
wC

*

1 1 7 -4 1 1 1 0,9793

2 2 8 -5 2 1 1 0,9793

3 3 -14 -6 3 0,8682 0,8682 0,9793

4 -9 -15 12 4 1 1 0,9793

5 -10 -16 13 5 1 1 0,9793

6 -11 22 -19 6 0,8682 0,8682 0,9793

7 17 23 -20 7 1 1 0,9793

mm= 8 18 24 -21 ww = 8 1 1 0,9793

9 -25 -31 28 9 1 1 0,9793

10 -26 -32 29 10 1 1 0,9793

11 -27 38 30 11 0,8682 0,8682 0,9793

12 33 39 -36 12 1 1 0,9793

13 34 40 -37 13 1 1 0,9793

14 35 -46 43 14 0,8682 0,8682 0,9793

15 -41 -47 44 15 1 1 0,9793

16 -42 -48 45 16 1 1 0,9793

 8 – 
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 9 – 

 z = 48, 2p = 6, 

-

-

 2p = 6, z = 48

.9.  -

-

 ( .5) 

-

kwd = 0,9514 -

.  

.  -

, -

-

, , 

, 

.

, 

       -

z = 48 -

.

-

, .  

-

.

 4 –  = 3, 3, 2, 3, 2, 3, 2, 3, 3

(z = 48, 2p = 6) 

kw0 kwd kwr H 0 H d H r

1 0,0549 0,0409 0,0134 0,0735 0,029 0,0423

3 0,0118 0,9502 0,0051 0,0124 1 0,0053

5 0,0369 0,0416 0,0231 0,0233 0,0263 0,0146

7 0,0789 0,0081 0,0313 0,0356 0,0037 0,0141

9 0,0921 0,0129 0,0205 0,0134 0,0045 0,0072

11 0,0832 0,0184 0,0231 0,0239 0,0053 0,0066

13 0,0055 0,0346 0,0374 0,0013 0,0084 0,0091

15 0,0360 0,0398 0,1677 0,0076 0,0084 0,0353

17 0,0268 0,0275 0,0409 0,0050 0,0051 0,0076
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 5 –  = 3, 3, 2, 3, 2, 3, 2, 3, 3

(z = 48, 2p = 6) 

kw0 kwd kwr H 0 H d H r

1 0,0523 0,0397 0,0088 0,0649 0,0253 0,0278

3 0 0,9514 0 0 1 0

5 0,0351 0,0393 0,0186 0,0221 0,0248 0,0117

7 0,0751 0,0118 0,0325 0,0336 0,0053 0,1466

9 0,0821 0,0344 0,0037 0,2164 0,0121 0,0134

11 0,0791 0,0212 0,0255 0,0226 0,0061 0,0073

13 0,0052 0,0307 0,0337 0,0012 0,0075 0,0082

15 0,0605 0,0471 0,1863 0,0127 0,0114 0,0452

17 0,0255 0,0230 0,0381 0,0047 0,0056 0,0093

-

-

-

.

.  

 ( ) ,

 42  36 .  

, , , 

.

, 

,  2 ,

: 2 /  = .  , 

, 

. -

, , .  -

.

, 

, .  

.  -

, .  -

-

, -

.  

.

, -

, .  , , 

.
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-

, -

, .

. 112MA8 

z = 48.   2  = 8  2  = 6.  

.  

.  

 « ».

, 

» ( ).

.6 

 2  = 6, 

112MA8 z = 48.  

112  ( ).  , , -

112 6 

 (z = 54, q = 3).  .10  11 -

112 .

 6 –   

z1 q
P , I  , ,

%

cos ,

.

n , k  ,

.

k ,

.

112MA6  ( .) 48 2 3,0 7,95 80,5 0,71 930 3,33 2,9

112MA6  ( .) 48 2 3,0 8,11 78,6 0,71 947 3,5 3,1

112MA6 ( .) 54 3 3,0 7,25 81,0 0,76 950 2,2 2

 ( .- .) -  - - +9,7% -0,6% -7% -0,3% +59% +55%

 10 – 

112

-

-

112MA6

.6), , -

 (  65%) -

-

112MA8 -

.  -

.  .6 -

-

.
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.10, 11 

112 .  

 7%  4% 

, . -

, .

. 11  12 -

 cos . -

 ( .11), 

 ( .12).

)                                                                               )

 11 – 

112  cos  ( )  ( )

. -

.

1. -

 ( ) 

, - -

.

2. -

.

3. , 

.

4. -

. , -

 ( )

.

5. -

, , -

, -
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ABSTRACT

Al-hasoon Abdulkareem H.G. Synthesis and analysis of nonsymmetric windings of AC

machines. – the Manuscript.

The dissertation on competition of a scientific degree of Cand.Tech.Sci. on a speciality

05.09.01 Electric machines and devices.–Odessa national polytechnical university,

Odessa, 2015.

The work is devoted to the synthesis of a number of two- and three-phase asymmetri-

cal coils with weak asymmetry and the study of their electromagnetic properties in order to

enable the design of asynchronous motors with improved technical and technological pa-

rameters. State of the theory of asymmetric windings of electrical machines AC does not

meet the requirements of the current level of electrical engineering, which needs high-

performance design tools such coils for electrical machines.

Using a method based on the notion of winding coefficient for each harmonic in the

form of symmetrical components, studies have been conducted electromagnetic properties
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of unsymmetrical windings. Investigated the vector diagrams EMF asymmetrical coils,

which provided an exception error in the determination of the coefficients of winding.

The techniques of balancing asymmetrical coils. Defined eligibility criteria for the

synthesis of windings by converting numerical series winding. Further developed methods

for the synthesis of unsymmetrical multiphase windings by varying the number of turns in

the coils when balancing. This allowed the system to provide almost symmetrical currents

during operation of asynchronous motors with such windings.

Synthesized internal valuation models (intraphase) asymmetry two- and three-phase

windings of asymmetric, led to the conclusion on the admissibility of performing winding

with several parallel branches.

Application of the method of symmetrical components when performing harmonic

analysis EMF symmetrized multi-phase windings, allowed a high degree of adequacy

simulate asynchronous machines with such windings. Adequacy of mathematical models

was confirmed by the experimental verification of the possibility of using the proposed

equal-windings with weak asymmetry for mass-produced motors.

The tests of the engine with the proposed winding showed more reduction of technical

indicators experimental machine compared to the commercially available analogs. Using

the proposed windings at modernization in the repair and with the release of the new

engines will expand the scope of the standard units and details of electrical machines.

Key words: multi-phase asymmetrical windings, equal-windings coil, unequal-

windings coil, mathematical model, numerical series winding, harmonic structure, winding

factor, symmetrical components, vector diagrams, symmetry.


