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Introduction

The sinusoidal three-phase windings may be of
maximum or of average short-pitch according to the
forming structure of the connection diagrams [1-3]. The
pitch of each group of sections of the maximum average
pitch sinusoidal three-phase windings corresponds to the
pole pitch 1 (Fig. 1,a), while the pitch of the short-pitch
average windings is one slot pitch smaller than the pole
pitch (Fig. 2,a).

Sinusoidal three-phase windings may be formed by
optimizing the pulsating magnetomotive forces that are
formed by each phase winding or the rotational
magnetomotive forces that are generally formed by all
three phase windings. This depends on which reference
axis is used while selecting the number of turns in sections
that form groups of sections according to the sinusoid law.
If the symmetry axis of any phase winding group of
sections is chosen as the reference axis, thus, with
reference to it while selecting the numbers of turns of
sections according to the sinusoid law the pulsating
magnetomotive force is optimized [1-3]. If the symmetry
axis of the two adjacent groups of sections belonging to the
same phase winding is chosen as the reference axis, then
with reference to it while dispensing the numbers of turns
of sections according to the sinusoid law the rotational
magnetomotive force is optimized [1;3]. Therefore, at the
present time four different types of sinusoidal three-phase
windings are known, which are different both in their
formation, and probably electromagnetic parameters.

The aim of this article is to determine the number of
turns of all types sinusoidal three-phase windings with
various numbers of pole and phase slot numbers in the
groups of their sections by using the derived expressions,
and to analyze and compare the -electromagnetic
parameters of these windings according to the obtained
momentary functions of the rotating magnetomotive force,
and to determine the optimal according to this.

Optimization of the Pulsating and the Rotational Mag-
netomotive Forces of Sinusoidal Three-phase Windings

In order to get the dimensional function that is made
by any phase winding in the fixed time moment of the pul-
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sating magnetomotive force and that is the closest to the
sinusoid, the number of the turns of sections in the groups
of sections must be allocated from the symmetry axes of
these groups according to the sinusoid law because in the
sections of any of these groups of sections the current of
the same phase and magnitude is flowing. Thus, the
repartition form of the pulsating magnetomotive force is
directly influenced by the number of sections in their
groups and by the number of turns that are in them.
Considering this, the values of the sinusoidal function of
any section group of the position from the solid angles of
the group’s symmetry axis, expressed in electrical degrees,
are found out. These values will correspond to the tentative
relative quantities of the number of the turns of sections.
Optimizing the pulsating magnetomotive force the
tentative relative quantities of the turns of sections of the
maximum average pitch sinusoidal three-phase windings
are evaluated according to this expression [4]:
Ay =sin [z/2- B (i-1)]; )
here: f = 2z p / Z = = / 7 is the slot pitch in electrical
degrees; p is the number of the pole pairs; Z is the number
of the slots; 7 is the pole pitch; i = 1 + g is the number of
the section in the group (first number is attributed to the
sections of the largest pitch); ¢ is the number of sections
that form the group of sections or the number of the pole
and phase slots.

Continuing the theoretical research, the maximum
average pitch sinusoidal three-phase winding is linked with
the concentrated three-phase winding by recalculating the
tentative relative quantities of the number of turns of
sections that are derived from the expression (1) to the real
ones:

*1 1 1.
Npi =4pi 1 Cps 2)
here C', is the sum of the tentative relative quantities of the
number of turns of sections that are derived from the (1)
expression:

1 J 1
Ch=X 7. (3)
i=1
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Fig. 1. The evolvent of the electrical diagram of the maximum
average pitch sinusoidal three-phase winding with ¢ = 2 (a) and
the distribution of the optimized rotating magnetomotive force of
this winding in time moment =0 (b)

a)

Fig. 2. The evolvent of the electrical diagram of the average
short-pitch sinusoidal three-phase winding with ¢ = 2 (a) and the
distribution of the optimized rotating magnetomotive force of this
winding in time moment =0 (b)

The tentative relative quantities of the number of
turns of the average short-pitch sinusoidal three-phase
winding sections, when optimizing the pulsating
magnetomotive force, are calculated according to the
following expression [4]:

A% =sin[(z-g)/2-pi-1)]. (4)

Continuing the theoretical analyses, the average
short-pitch sinusoidal three-phase winding is also linked
with the concentrated three-phase winding by recalculating
the tentative relative quantities of the number of section
turns that are derived from the expression (4) to the real
ones:

*2

N,

2 2.
=45 1Cps 5)
here C’ » 1s the sum of the tentative relative quantities of the
number of section turns that are derived from the

expression (4):
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q
Cp=X72. (6)
i=1

Summing up the optimized dimensional functions of
the pulsating magnetomotive forces of all three phases in
fixed time moments the dimensional functions of the
rotating magnetomotive forces in certain moments of time
are obtained. However, these functions are not closest to
the sinusoidal repartition. This may be explained by that
the dimensional repartition of the pulsating magnetomotive
force is formed by ¢, while Z/4p=17/2 of the rotating

magnetomotive force is formed by the active sides of
sections. Since the quantity of the three-phase windings
7/2 is half as great again as the number of sections ¢ in
the group of sections (7/2/g=3¢g/2q=15), thus, while
directly optimizing the dimensional repartition of the
rotating magnetomotive force it is possible to set it closer
to sinusoid.

On purpose to optimize the dimensional function of
the rotating magnetomotive force, for example, in a
moment of time t = 0, the number of turns of sections in
the groups of sections must be set according to the
sinusoidal function of the dimensional coordinates the
beginning of which should be the reference axis that
should be coincident with the symmetry axis of the two
adjacent groups of sections of the U phase. Considering
this, the sinusoidal function values of the sections in their
group of the position from the solid angles (that are
expressed in electrical degrees) of the given reference axis
are found, and these values will conform the tentative
relative quantities of the number of the turns of sections.
When optimizing the rotating magnetomotive force these
relative quantities of the maximum average pitch
sinusoidal three-phase windings are evaluated as follows

[4]:
Aéi =sin[,8(q+1—i)].

The maximum average pitch sinusoidal three-phase
winding is also linked to the concentrated three-phase
winding by recalculating the tentative relative quantities of
the number of turns of sections that are derived from the
expression (7) to the real ones:

(7

*]
NI =24 /2C; (®)

1
NI =241 CL ©)

here C’; is the sum of the tentative relative quantities of the
number of turns of sections derived from the expression

):

1 1 d 1
cl=a2+3 4,
i=2

(10)

When optimizing the rotating magnetomotive force
the tentative relative quantities of the number of turns of
sections of the average short-pitch sinusoidal three-phase
windings are evaluated as follows [4]:

i =sinflg-i)p+ B/2]. (11)



In further research the average short-pitch sinusoidal
three-phase winding is also linked to the concentrated
three-phase winding by recalculating the tentative relative
quantities of the number of turns of sections that are
derived from the expression (11) to the real ones:

*2 2 2.
N =251C¢; (12)
here C%, is the sum of the tentative relative quantities of the

number of turns of sections that are derived from the
expression (11):

q
c2=% 22 (13)
i=1

The real relative quantities N of the number of

turns of sections of the sinusoidal three-phase windings of
all types that are linked to the concentrated three-phase
windings are evaluated according to the derived
expressions (1) — (13) and are given in Table 1.

Table 1. The real relative quantities of the number of turns of
sections of the sinusoidal three-phase windings

Relative quantities of the number of turns of
q B sections, N i*
i P! P’ ST s?
2 30° 1 0,5359 0,5774 0,4641 0,7321
2 0,4641 0,4226 0,5359 0,2679
1 0,3696 0,3949 0,3054 0,5321
3 20° 2 0,3473 0,3473 0,4534 0,3473
3 0,2831 0,2578 0,2412 0,1206
1 0,2826 0,2989 0,2280 0,4142
4 15° 2 0,2729 0,2785 0,3724 0,3178
3 0,2447 0,2391 0,2633 0,1998
4 0,1998 0,1835 0,1363 0,0682

P!, S' — the maximum average pitch sinusoidal three-
phase winding (1) with the optimized pulsating (P) and
rotating (S) magnetomotive force. P?, S* — average short-
pitch sinusoidal three-phase winding (2) with the
optimized pulsating (P) and rotating (S) magnetomotive
force.

The Research of Electromagnetic Parameters of
Sinusoidal Three-phase Windings

The theoretical research of electromagnetic
parameters is conducted by using graphical views of the
rotational magnetomotive force functions (which change
over time) of the considered three-phase windings (Fig.
1,b, Fig. 2,b), based on the evolvents of the electrical
diagrams from Fig. 1,a and Fig. 2,a, Table 1 and vector
diagram of the currents stopped in the moment of time
t = 0. It was assumed, that the relative amplitude values of
currents in the phases of the windings are I,y = Iy = Inw =
= 1. Then the relative quantities of the momentary current
values in the phase windings in the moment of time ¢ =0
are:
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ity =sinwt =sin0° =0;

iy =sin (wt—lZOO):sin (—120"):—0,866; (14)

iy =sin (a)t—240°):sin (—2400): 0,866.

With reference to the determined relative quantities
N;k (Table 1) and i* (14), the conditional quantities of

magnetomotive force change in the magnetic circuit slot
AF in the moment of time ¢ = 0 (Table 2) are found.

Table 2. Conditional quantities of magnetomotive force change
of considered sinusoidal three-phase winding slots in the moment
of time =0

No. of | Conditional values of magnetomotive force
7 the slot change
P’ P’ s s
4 -0,464 -0,433 -0,402 -0433
5 -0,402 -0,250 -0,464 -0,317
6 -0,464 -0,183 -0,402 -0,116
2 7 -0,201 0,183 -0,232 0,116
8 0 0,250 0 0,317
9 0,201 0,433 0.232 0,433
10 0,464 0,433 0,402 0,433
6 -0,273 -0,2826 | -0,3005 | -0,2828
7 -0,320 -0,1710 -0,265 -0,2304
8 -0,1504 | -0,1504 | -0,1962 | -0,1503
9 -0,1226 | -0,1116 | -0,1044 | -0,0524
3 10 0 0,1116 0 0,0524
11 0,1226 0,1504 0,1044 0,1503
12 0,1504 0,1710 0,1962 0,2304
13 0,320 0,2826 0,265 0,2828
14 0,273 0,3008 0,3005 0,3005
7 -0,2119 | -0,2241 | -0,2280 -0,224
8 -0,2047 | -0,2089 | -0,2203 -0,209
9 -0,2447 | -0,1294 | -0,1975 | -0,1793
10 -0,1182 | -0,1206 | -0,1613 | -0,1377
11 -0,1060 | -0,1035 | -0,1140 | -0,0866
12 -0,0865 | -0,0795 | -0,0590 | -0,0294
4 13 0 0,0795 0 0,0294
14 0,0865 0,1035 0,0590 0,0866
15 0,1060 0,1206 0,1140 0,1377
16 0,1182 0,1294 0,1613 0,1793
17 0,2447 0,2089 0,1975 0,209
18 0,2047 0,2241 0,2203 0,224
19 0,2119 0,2241 0,2280 0,224

Since the analyzed sinusoidal three-phase windings
are symmetrical, the changes of the magnetomotive force
in the slots over entire perimeter of the air gap repeat
periodically. With reference to the data from Table 2 the
momentary periodical non-sinusoidal magnetomotive force
functions of the considered sinusoidal three-phase
windings in the moment of time ¢ = 0 are obtained (Fig. 1,
b; Fig. 2, b). The following expression [5] is used to
calculate analytically the conditional quantities of
amplitude values of 1-th harmonics of magnetomotive
force of the considered sinusoidal three-phase windings:

F

my

4 & .a;
— Y Fjsinv—;
TV 2

(15)

here: k — the number of rectangles forming the half-periods
of stair-shape magnetomotive force; v — index of odd



dimensional harmonic; F; — the conditional height of i-th

rectangle of the half-period of stair-shape magnetomotive
force; a ; — the width of i-th rectangle of the stair-shape
magnetomotive force curve expressed in electrical degrees
of fundamental harmonic.

Negative half-periods located between dimensional
coordinate points -7 /2 and 7 /2 are used to perform the
harmonic analysis of dimensional momentary functions or
rotational magnetomotive force (Fig. 1, b; Fig. 2, b). Real
and conditional parameters of half-periods of rotational
magnetomotive force created by the analyzed sinusoidal
three-phase windings are presented in Table 3.

Table 3. Real and conditional parameters of half-periods of

rotational magnetomotive force created by the analyzed
sinusoidal three-phase windings
IParameters of the
g | half-period of p' P’ s! s?
magnetomotive
force
k 3 3 3 3
F, -0,201 | -0,433 | -0,232 | -0433
F -0,464 | -0250 | -0,402 | -0317
2 F, -0,201 | -0,183 | -0232 | -0,116
o 180° 150° 180° 150
» 120° 90° 120° 90°
o 60 30° 60° 30°
k 4 5 4 5
F, -0,273 | -0,1504 | -0,3005 | -0,1503
F, -0,320 | -0,2826 | -0,265 | -0,2828
Fy -0,1504 | -0,1710 | -0,1962 | -0,2304
Fy -0,1226 | -0,1504 | -0,1044 | -0,1503
3 Fs -0,1116 -0,0524
a 160° 180° 160° 180°
@ 120° 140° 120° 140°
o 80° 100° 80° 100°
a 40° 60° 40° 60°
os 20 20
k 6 6 6 6
F, -0,1060 | -0,2241 | -0,1140 | -0,224
F -0,2047 | -0,2089 | -0,2203 | -0,209
F, -0,2447 | -0,1294 | -0,1975 | -0,1793
Fy -0,1182 | -0,1206 | -0,1613 | -0,1377
Fs -0,1060 | -0,1035 | -0,1140 | -0,0866
4 F -0,0865 | -0,0795 | -0,0590 | -0,0294
a 180° 165° 180° 165°
» 150° 135° 150 135
o 120° 105° 120° 105°
a4 90’ 75° 90’ 75°
as 60° 45° 60° 45
% 30 15" 30° 15°

Conditional quantities of amplitude values of the
dimensional harmonics of rotational magnetomotive force
F,,,derived by expression (15), are given in Table 4.

With reference to the data from Table 4, the absolute
relative quantities of dimensional harmonics of rotational
magnetomotive force with reference to fundamental
harmonic are presented in Table 5:

fV:Fmv/le' (16)
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Table 4. Conditional quantities of amplitude values of the
dimensional harmonics of rotational magnetomotive force created
by considered sinusoidal three-phase windings

q v F mv
P! p? S S?
1 -0,896 0,818 -0,886 0,856
5 0,026 0,029 0 0
7 0,018 -0,020 0 0
2 | 11 0,081 0,074 0,081 0,078
13 -0,069 0,063 -0,068 0,066
17 0,008 0,008 0 0
19 -0,007 0,008 0 0
1 0,872 0,817 0,875 0,862
5 0,008 0,026 0 0
7 0,021 20,012 0 0
3| 1 0,013 -0,008 0 0
13 0,003 0,010 0 0
17 0,051 -0,048 0,051 0,051
19 -0,046 0,043 -0,046 0,045
1 0,859 0,816 0,871 0,864
5 0 -0,025 0 0
7 20,019 20,010 0 0
4 | 11 0,008 -0,006 0 0
13 0,007 -0,005 0 0
17 0,008 -0,004 0 0
19 0 -0,007 0 0

Table 5. The absolute relative quantities of dimensional
harmonics of rotational magnetomotive force, created by
considered sinusoidal three-phase windings, with reference to
fundamental harmonic

Sy

q 14 p! P2 qT q?
1 1 1 1 1
5 0,029 0,035 0 0
7 0,020 0,024 0 0

2 11 0,090 0,090 0,091 0,091
13 0,077 0,077 0,077 0,077
17 0,009 0,010 0 0
19 0,008 0,010 0 0
1 1 1 1 1
5 0,009 0,032 0 0
7 0,024 0,015 0 0

3 11 0,015 0,010 0 0
13 0,003 0,012 0 0
17 0,058 0,059 0,058 0,059
19 0,053 0,053 0,053 0,052
1 1 1 1 1
5 0 0,031 0 0
7 0,022 0,012 0 0

4 11 0,009 0,007 0 0
13 0,008 0,006 0 0
17 0,009 0,005 0 0
19 0 0,009 0 0

Momentary dimensional non-sinusoidal functions of
rotational magnetomotive force of three-phase windings
can be characterized by distortion factor or factor of
electromagnetic efficiency, which are determined by using
the results of harmonic analysis of these functions.
Distortion factor k; of rotational magnetomotive force is
evaluated according to the following expression [6]:

ki = Fy /\/iFév =1/\/§(f;‘)2 (17)
v=l v=l



Factor of electromagnetic efficiency k. of rotational
magnetomotive force is evaluated according to the
following expression [6]:

2
P

For the considered sinusoidal three-phase windings,
the distortion and electromagnetic efficiency factor values,
were obtained from expressions (17) and (18) and are
given in Table 6.

kep =1- i(fv*

v=l

(18)

Table 6. The distortion and electromagnetic efficiency factors of
rotational magnetomotive force of the considered sinusoidal
three-phase windings

Factors p! P g! g2
k, 0,9893 0,9889 | 0,9899 0,9900
ket 0,8525 0,8499 | 0,8570 | 0,8574
3 ki 0,9953 0,9950 0,9958 0,9958
ket 0,9027 0,8998 0,9081 0,9080
4 ki 0,9975 0,9972 0,9978 0,9978
ket 0,9287 0,9246 0,9335 0,9333
Winding factors of fundamental and higher

harmonics are also attributed to the electromagnetic
parameters of three-phase windings. For sinusoidal three-
phase windings these factors are evaluated according to the
following expression:

q * .
kv :ZNI- sm(v Vi ﬂ/2) ;
i=1

19)

here y; — the pitch of the i-th section.

Winding factors of the analyzed sinusoidal three-
phase windings were calculated by expression (19) and are
presented in Table 7.

Table 7. Winding factors of the analyzed sinusoidal three-phase
windings

q v ke
p! p? st s’
1 0,938 0,856 0,928 0,896
0,1361 0,1518 0 0
7 0,1324 0,1471 0 0
2 | 11 0,931 0,851 0,931 0,897
13 0,945 0,863 0,932 0,904
17 0,1429 0,1429 0 0
19 0,140 0,160 0 0
1 0,913 0,855 0,916 0,903
5 0,042 0,1361 0 0
7 0,1544 0,088 0 0
3 11 0,1494 0,092 0 0
13 0,041 0,1370 0 0
17 0,911 0,857 0,911 0,911
19 0,920 0,860 0,920 0,90
1 0,899 0,854 0,912 0,905
5 0 0,1309 0 0
7 0,1397 0,074 0 0
4 | 11 0,092 0,069 0 0
13 0,096 0,068 0 0
17 0,1429 0,071 0 0
19 0 0,140 0 0
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Conclusions

1. Sinusoidal three-phase windings can be classified
according to the structure of connection diagrams into
maximum or average short-pitch windings, which in turn,
depending on the repartition of the number of turns in the
sections, can be with optimized pulsating or rotational
magnetomotive forces. Electromagnetic parameters of
these windings, when the number of pole and phase slots is
constant, are different.

2. The highest amplitude value of the first harmonic
of magnetomotive force, when the number of pole and
phase slots ¢ = 2, is created by maximum average pitch
sinusoidal three-phase winding with optimized pulsating
magnetomotive force, and when ¢ > 2 — by the same
winding with optimized rotational magnetomotive force.

3. When the number of pole and phase slots ¢
increases, the amplitude value of fundamental harmonic of
magnetomotive force decreases for both types of sinusoidal
three-phase windings of maximum average pitch (by 1,5 %
on the average), and this quantity remains practically
constant for average short-pitch windings with optimized
pulsating magnetomotive force, and amplitude value even
slowly increases for these windings with optimized
rotational magnetomotive force.

4. Differences of amplitude values of fundamental
harmonic magnetomotive force, when the number of pole
and phase slots ¢ is equal, between maximum and average
short-pitch sinusoidal three-phase windings with optimized
pulsating magnetomotive force are considerably larger
than between these windings with optimized rotational
magnetomotive force.

5. Amplitude values of higher odd harmonics
(except multiples of three) of magnetomotive force in
maximum and average short-pitch sinusoidal three-phase
windings with optimized pulsating magnetomotive force
do not become equal zero, but (except for tooth harmonics)
they considerably decrease compare to corresponding
harmonics of magnetomotive force of simple two-layer
concentric three-phase windings.

6. Amplitude values of all higher odd harmonics
(except tooth harmonics) of magnetomotive force in
maximum and average short-pitch sinusoidal three-phase
windings with optimized rotational magnetomotive force
become equal zero.

7. In sinusoidal three-phase windings of all types,
the amplitude values of corresponding tooth harmonics of
magnetomotive force remain the same as in simple two-
layer concentric three-phase windings.

8. The numerical values of distortion factor and
factor of electromagnetic efficiency in maximum and
average short-pitch sinusoidal three-phase windings with
optimized rotational magnetomotive forces are higher
compared with tthe values of corresponding factors of
these windings with optimized pulsating magnetomotive
force.

9. Numerical values of distortion factor and factor of
electromagnetic efficiency of sinusoidal three-phase
windings of all types increase (approach one) with the
increase of number of pole and phase slots.



10. Electromagnetic properties of sinusoidal three-
phase windings are more reflected by factors of
electromagnetic efficiency than by distortion factors.

11. Tooth harmonic winding factors in sinusoidal
three-phase windings are of the same magnitude as the
same factors of the fundamental harmonic. Winding
factors of the other higher harmonics are close to zero or
equal zero.

12. On the basis of the results of conducted research,
maximum and average short pitch sinusoidal three-phase
windings with optimized rotational magnetomotive force
are the most optimal from the electromagnetical point of
view.
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The distribution of the turns within section groups of the sinusoidal three-phase windings with maximum and average short-pitch are
analyzed, for which pulsating or rotational magnetomotive forces can be optimized. Analytical expressions for evaluation of number of
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rotational magnetomotive force. On their basis the conditional amplitude values of dimensional harmonics of rotational magnetomotive
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dimensional harmonics were found, which were later used to calculate magnetomotive force distortion and electromagnetic efficiency
factors of considered three-phase windings. Winding factors of fundamental and higher harmonics were also determined according to
the derived expression. Conclusions are offered on the basis of research of electromagnetic parameters of sinusoidal three-phase
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0. Bykmmnaiituc. HcciaenoBanme 3/1eKTPOMATHHTHBIX MAPaMeTPOB CHHYCHBIX Tpex()a3HBIX OOMOTOK // DJIeKTpPOHHMKA M
ajexkTporexHuka. — Kaynac: Texnosorus, 2007. — Ne 8(80). — C. 77-82.

PaccmarpuBaeTcst pacnpeqenieHie BUTKOB B TPyIIax CEKIUi CHHYCHBIX TPEX(a3HBIX OOMOTOK ¢ MaKCHMAJIbHBIM U YKOPOUEHHBIM
CpeIHMM IIIaroM, B KOTOPBIX MOXET OBITh ONTHMH3HPOBAHBI ITyJIBCHPYIOIIME WM BPAMIAIOMIUECS MAarHUTOIBIDKYIIHE CHUIIBL
IIpuBoasATCA aHAMUTHYECKHE BBIPAXKEHUS IS ONIPEIEICHHSI OTHOCHUTENBHBIX YHCENl BUTKOB CEKIIMH BCEX YETHIPEX TUIIOB ITHX OOMOTOK.
Ha ocHOBe >THX BBIpakK€HMII pacCUMTaHBl OTHOCHTEIIBHBIE YHCIIA BUTKOB CEKIMH B MX TIPyINax, KOTOPbIE COCTABIAIOT OT JBYX IO
YeTHIPeX CEKIUH. DTH OTHOCHUTEIbHBIC YNCIIAa BUTKOB CEKIUI CBS3aHBI C COCPENOTOUCHHOH Tpéx(dasHoi oOMoTKoi. [lanee cocraBieHa
TabNnIa OTHOCHUTEIBbHBIMM BEIMYMHAMH HM3MEHEHMH MAarHUTOIBIKYIIEH CHJIBI B I1a3ax CTaTopa pacCMaTPHBAEMBIX CHHYCHBIX
Tpex¢asHbpix 00MOTOK. Ilo 9STMM JaHHBEIM TONy4YeHBl TpadUKM MIHOBEHHBIX CTYIEHUYaThlX (yHKIMeH Bpamaromeiics
MarHUTOABIDKYILIEi cuibl. M3 3THX TpaduuecKux BHIOB ONPEAENICHBI MapamMeTpbl CTYNEHYAThIX MOJIyHNEPHOIOB MarHUTOABIKYIIEH
CHJIBI, Ha OCHOBE KOTOPBIX 10 AHAJIMTHYECKOMY BBIPOKCHHUIO BBIUKMCIICHBI YCIOBHBIC aMIUTMTYIHBIC 3HAYECHUS INPOCTPAHCTBEHHBIX
TapMOHHK BPAIAIOIINXCSl MATHUTOABIDKYIIUX CHiI. 1o 3THM ke JaHHBIM OIpe/eNeHbl OTHOCUTENbHbIE BENUYNHBI IPOCTPAHCTBEHHBIX
FapMOHHUK BPAILAIOIIUXCS MarHUTOBIKYIIUX CHJI, HA OCHOBE KOTOPBIX BBIYMCIICHBI KO3((GUIMEHTHI HCKKEHUH M IIEKTPOMArHUTHOM
abdexruBHocTH. Taroke ompeneneHbl 0OMOTOYHBIE KOIGPHUIMEHThI 3THX OOMOTOK. M3 MOJydYeHHBIX pPEe3yJbTaTOB HCCIIEIOBAHMUS
czenanbl BBIBOBL. Mit. 2, 6ubi1. 6 (Ha IUTOBCKOM s3bIKe; pedepaThl Ha aHTIIUIICKOM, PYCCKOM H JINTOBCKOM S13.).

J. Buksnaitis. Sinusiniy trifaziy apvijy elektromagnetiniy parametry tyrimas // Elektronika ir elektrotechnika. — Kaunas:
Technologija, 2007. — Nr. 8(80). — P. 77-82.

Nagrin¢jamas didziausio ir sutrumpinto vidutinio zingsnio sinusiniy trifaziy apviju, kuriy gali biiti optimizuojamos pulsuojamosios
arba sukamosios magnetovaros, viju paskirstymas sekcijoms ju grupése. Gautos analizinés iSraiskos visy keturiy Siy apvijuy tipy viju
skaigiui sekcijose nustatyti. Pagal $ias israiskas Siy i§raisky pagrindu apskaiGiuoti sekciju, sudarandiuy sekciju grupe nuo dviejy iki
keturiy sekcijuy, viju skai¢iai santykiniais dydziais, susieti su sutelktaja trifaze apvija. Sudaryta nagrinéjamyjy sinusiniy trifaziy apviju
magnetovaros poky¢iu grioveliuose santykiniais dydZziais laiko momentu 7=0 lentelé ir pagal jos duomenis gautos akimirkinés
sukamosios magnetovaros erdvinés laiptinés funkcijos. I§ $iy sukamosios magnetovaros grafiniy vaizdy nustatyti realiis ir salyginiai
pakopu formos pusperiodziy parametrai, kuriy pagrindu analiziSkai apskai¢iuotos erdviniy harmoniky sukamosios magnetovaros
salyginés amplitudinés vertés. Pagal Siy salyginiy amplitudiniy ver¢iy duomenis surasti sukamuyjy magnetovary erdviniy harmoniky
santykiniai dydziai ir jais remiantis apskaiciuoti nagrinéjamujy sinusiniy trifaziy apviju magnetovaros iSkreipiy ir elektromagnetinio
efektyvumo koeficientai. Pagal gauta iSraiSka taip pat nustatyti Sioms apvijoms pagrindinés ir aukstesniyjy harmoniky apvijos
koeficientai. Remiantis gautais sinusiniy trifaziy apviju elektromagnetiniy parametry tyrimo rezultatais, padarytos iSvados. Il. 2, bibl. 6
(lietuviy kalba; santraukos angly, rusy ir lietuviy k.).
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