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A TURBO-GENERATOR DESIGN SYNTHESIS BASED ON THE NUMERICAL-FIELD
CALCULATIONS AT VARYING THE NUMBER OF STATOR SLOTS

Purpose. The work is dedicated to the presentation of the principle of construction and implementation of an automated synthesis
system of the turbo-generator (TG) electromagnetic system in the case of its modernization. This is done on the example of chang-
ing the number of the stator core slots. Methodology. The basis of the synthesis is a TG basic construction. Its structure includes
the mathematical and physical-geometrical models, as well as the calculation model for the FEMM software environment, provid-
ing the numerical calculations of the magnetic fields and electromagnetic parameters of TG. The mathematical model links the
changing and basic dimensions and parameters of the electromagnetic system, provided that the TG power parameters are en-
sured. The physical-geometrical model is the geometric mapping of the electromagnetic system with the specified physical proper-
ties of its elements. This model converts the TG electromagnetic system in a calculation model for the FEMM program. Results.
Testing of the created synthesis system is carried out on the example of the 340 MW TG. The geometric, electromagnetic and
power parameters of its basic construction and its new variants at the different numbers of the stator slots are compared. The
harmonic analysis of the temporal function of the stator winding EMF is also made for the variants being compared. Originality.
The mathematical model, relating the new and base parameters of TG at the changing of the number of the stator slots is created.
A Lua script, providing the numerical-field calculations of the TG electromagnetic parameters in the FEMM software environ-
ment is worked out. Construction of the constructive and calculation models, the numerical-field calculations and delivery of
results are performed by a computer automatically, that ensures high efficiency of the TG design process. Practical value. The
considered version of the TG modernization on the example of changing the number of the stator core slots provided an opportu-
nity for the presentation of the principle of construction and implementation of design synthesis system. For the practical use in
the TG designing process, the developed and presented system can be more detailed with specifying the individual components of
the mathematical model and expanded for varying other parameters of TG and optimizing its design. References 11, tables 2, fig-
ures 7.

Key words: turbo-generator, modernization, design synthesis, mathematical model, Lua script, FEMM program, numerical-field cal-
culations, electromagnetic parameters.

Ilpeocmaenen npumep npoeKmuoz0 Cunme3a INEKMpomMazHumuoi cucmemsl mypoozenepamopa (TI)) npu ezo mooepnusayuu.
Co3oana mamemamuueckan mooens, c6A3b16a0Was Hoevle u 6azosvie napamempul TI' npu uzmenenuu wucna nazoe cmamopa.
Pazpaboman ckpunm Lua, obecneuugaioujuil uucienno-nonegsle pacuemsl riekmpomazuumnsix napamempos TI" ¢ npozpamm-
noii cpede FEMM. Ilocmpoenue KoncmpyKmugenoi u paciemnoil MooeJeil, YucieHHo-noJjleesle paciemsl U evl0aua pe3yipoma-
M08 GbINOSIHAIOMCA KOMUBIOMEPOM AGMOMAMUYECKU, YN0 0becneuusaem 6blCOKyI0 IPhekmusnocms npoyecca npoeKmuposa-
Hua TI. Anpobayus cucmemsr cunmesa nposedena na npumepe TI' mowpocmoro 340 MBm. bub6n. 11, tabx. 2, puc. 7.

Kniouesvie cnosa: TypdorenepaTop, MoaepHH3AINs, NPOEKTHLI CHHTEe3, MaTeMaTH4ecKasi MoJeJb, ckpunT Lua, mporpamma
FEMM, 4nc/ieHHO-110JIeBbI¢ PACYeThl, 3JIeKTPOMarHUTHbIC IapAMeTPhbI.

Introduction. Powerful turbo-generators (TG) are
the most complicated, expensive and effective in opera-
tion electric machines [1]. Design and the subsequent
creation of new models take months and even years.

Therefore, the process of improving the TG is often
reduced to modernize their samples after long test opera-
tion [2]. At the same time seeking to improve the parame-
ters of the TG with minimum changes as the global inno-
vations in the complex can lead to unpredictable conse-
quences and require long experimental refinement which
requires large capital investments.

One option to speed up the modernization of TG is
reduction of terms of computational and design works.
They require a significant amount of time due to the com-
plexity of classical methods of calculation as such be-
cause of the complexity of TG themselves. These meth-
ods are often adapted to specific design elements of stan-
dard sizes and need to be improved after their changes.

Numerical methods for calculating magnetic fields
[3, 4] coupled with high-speed computers and efficient
software provide new opportunities for improving the
design system of the TG. This contributed to the novelty
of the results provided, as an example of created on this
basis an automated design synthesis system of the TG
electromagnetic system in the case of their modernization

at the change of certain key elements of the design is con-
sidered.

The goal of the work. The work is dedicated to the
presentation of the principle of construction and imple-
mentation of an automated system of electromagnetic TG
system synthesis in the case of its modernization that is
being done on the example of changing the number of
slots of the stator core.

Structure of synthesis is based on the basic design of
the TG available and includes a mathematical model, a
physical and geometrical model, a calculation model in
conjunction with the program environment FEMM [5]
which provides the numerical calculations of the magnetic
field and electromagnetic parameters of the TG. The
mathematical model relates the changing sizes and pa-
rameters of the electromagnetic system with its basic di-
mensions and parameters with the condition for the output
power parameters of the TG. Physical and geometric
model is a geometric mapping of the electromagnetic sys-
tem with given properties of its components - the wind-
ings and cores. This model converts the electromagnetic
system of the TG and the results of the mathematical
model operation to the calculation model for the FEMM
program.
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Creation of the physical and geometric model, its
transformation into a calculation model, providing the
FEMM program operation, the definition of the electro-
magnetic and power parameters based on numerical cal-
culation of the magnetic field, output results of the syn-
thesis of the updated TG electromagnetic system to a text
file - all is done automatically by the control program
written in the Lua language integrated in the FEMM [5].

Universalism of created models of available and de-
veloped software is that they are adapted to the typical
structural shapes of TG as a whole and their elements.
Numerical methods for the calculation of the magnetic
field remove restrictions on the account of real construc-
tive shapes of electric machines as a whole and their ele-
ments, on account of the magnetic saturation.

Largely developed software is based on investiga-
tions that have presented earlier in papers by the author
[4, 6-10] and others.

Object of investigations. Demonstration of calcula-
tion results is carried out on a three-phase TG [2] the ba-
sic electromagnetic system of which is shown in Fig. 1. It
has a rated: power Pn=340 MW; phase voltage
Un=11547 V and current [,=11547 A; power factor
cosp,n=0.85; frequency f;=50 Hz. Its number of pole pairs
p=1; active length /,=5.308 m; non-magnetic gap &=77.5
mm; radius of the rotor surface r,,=0.56 m; number of
turns of its phase winding N=10, relative shortening
S:=0.8; number of effective conductors of the stator wind-
ing rod N, =l; number of turns of the rotor winding
N=126.

[
Fig. 1. Calculation model of the turbo-generator electromagnetic
system

The basic values of the TG conserved in its mod-
ernization. Fig. 2 shows the TG structure with the indica-
tion of main dimensions of the cores of the stator and ro-
tor. Taking into account the decisive role in the formation
of the magnetic fields of the tooth-slot stator structure, it
is shows by fragments with required dimensions marked
in Fig. 3.

Fig. 2. Geometrical model of the turbo-generator

In order to in visualized form evaluate changes in the
TG at the change of the number of stator slots, the pre-
sented TG output parameters are reserved: power, phase
voltage and current, power factor. Also given in the long
history of the TG design values of magnetic field strength
in the gap, teeth and the back of the stator core as well as
a gap characterized for the TG of corresponding power
level are conserved.

Assuming the continuation of the stator current and
the distributed current density in the conductors of its
winding, sections of its rods must be preserved. Since the
stator winding voltage is conserved, the insulating gaps in
the slot are conserved, too (Fig. 3).

Fig. 3. Tooth-slot structure of the stator

When conserving the TG voltage, EMF of the phase

stator winding should be conserved, too
Es:”\/g'fc'Ns'@s'KW.w (1

where @; is the magnetic flux in the gap; Ky is the stator
winding factor.

For convenience, hereinafter we refer to the same
indications of the same base and new values but for the
first ones the letter b in the indexes is added everywhere.
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Stator rods are characterized by their height 4. and
width b, the surrounding insulation in the slots — by
thicknesses d;1, dj, di3 and dy. In the basic design of the
cross-sectional area of the stator winding rod S.,=h.,bp.
Taking into account the conditions set, at varying of 4.
and b, the following must be provided: 4.b. = Se.

This variation accompanies the change in the size of
the stator slots - their height 4, and width b,. Here, we
must preserve the height of the spline 4y and the depth of
the wedge /i, as well as two-way wedge recess in the wall
of the slot dj, = by, — by, The width of the grooves under
the wedge should change and be dj, = by, — by

Note that in the basic design the following condi-
tions must be satisfied: b, = by, — 2dyy; h. = (hy — d),)/2,
where the constant addition by the height of the stator slot

dps = his + diy + dip + djs.

Mathematical model of the TG electromagnetic
system synthesis.

First of all, we consider what changes need to occur
in the stator and its slot and when the number of its slots
is changed from the base value QO to the new one O,
which will be characterized by the coefficient of change
in the number of stator slots:

st = QS /st . (2)

We assume that the ratio of number of turns of the

winding of the stator core of the base and the new design
corresponds to the ratio of slots, i.e. Ny =k, Ny .

Then, from the condition of conservation of the
EMF of the phase stator winding (1), the new value of the
magnetic flux in the pole pitch @y =@, /kp;.

By the magnetic flux, the magnetic flux density in

the gap to the bore of the stator core (in this case, the av-
erage value) is determined

By=—0s 3)

where we know the expression of the pole pitch on the
radius of the stator bore ry;:
7, =200 (4)
p

As already stated, the value of Bs should remain as
one of the fundamental quantities of TG and other electric
machines.

The expression (3) includes two values, which, in
principle, can be changed to conserve in the TG the pre-
vious value B, namely, the active length /, and the radius
of the stator bore 7.

In this paper we restrict ourselves to the second op-
tion - to change the radius of the stator bore r,; as more
complicated in the analysis. Active length /, is preserved
such it was in the TG basic design.

Modernization of the TG electromagnetic system
with changing the radius of the bore of the stator core.
From a combination of the above relations a new value of
this radius is obtained

Tsi = Tsib /kQS' (5)
To preserve the value of the magnetic flux density in

the teeth of the stator core with the new number of slots,
respectively the total width of the teeth changes

b =bigb /st > (6)

Basic total width of all the stator teeth in their aver-

age radius of location r., (Fig. 3)

boh =27 19— by, - Ogp (7
where r.g=rgthe/2; rg, 1s the radius of the bore of the
stator core; Ay, is the its slot height.

With the new value of the radius ry; by (5), we carry
out a number of preparatory transformations of TG stator
parameters for the new number of its teeth Q, in order to
obtain the new value of the average radius of stator teeth
7., and then the other quantities.

The width of the new slot at the new value O

by = M ) (8)
‘ Oy
The width and height of the stator winding rod
b =by—2-diy; hC:SCb/bC' )
The height of the slot
hy=2 h.+ d),. (10)

For expressing the average radius of the tooth-slot
structure we make substitutions based on relationships of
written values above:

Fos=rsit hs/z =15t (2 hc + dhs)/2 =rst hc + dhs/2 =

= 1ot Sei/be + di/2 = 1yt Sep/(bs — 2 dig) + dj/2 =

S d S
=rg+ ch + hs _ e+ Qs cb ,
2.7y — by 9.4, 2 2-mwer,—d
i4
O
where the notations are introduced for brevity

d=b,+2-diy Qg e=(ryt dp/2).

In fact, an equation is obtained from which, after in-
cremental transformations we obtain the quadratic equa-
tion with respect to r:

2
s = [d(2-m)+e)] +[de— SO 1(2-m)=0.(11)

Its solution gives two roots, the meaning of which

has an option with a plus sign before the radical:

b /bz
rzs:_Ei T_ca (12)

whereb=—e—-d/(2-m);c=(de— S, -O)/(2-7).
After obtaining r,; we determine for the new TG de-
sign values by, b, h., h by (8)-(10).
Besides, we obtain the new values of the width of the
stator wedge

by = by + dj, (13)
stator core backrest height

hys = hygp /st > (14)
outer radius of the stator core

Voo = Fgi + hg + hyg (15)

number of serial turns of the two-layer stator windings is
verified
Ny = Ncs'QS ! my, (16)
where N, is the number of effective conductors in the
rod; my is the number of TG phases.
In the process of calculating TG electromagnetic pa-
rameters we use stator phase winding active resistance
R&Rgkg, and reactance of frontal scattering

X, :va~kés [4, 7] which are recalculated for the

changes in the number of turns (16) by the same quanti-
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ties of the basic model.

With the change of the radius of the bore of the sta-
tor core it is necessary to correct the rotor structure (Fig.
2). In this regard, we consider two options: retaining and
changing its dimensions of its slots which are separately
designated in Fig. 4.

,Q%‘ bkr N
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<2V b, 5 N
2 77*7 ~=
N —
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=
V
= “
dir4 <
bCV
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S
'“c V‘
< b
kkﬁ r

Fig. 4. Tooth-slot structure of the rotor

Correction of the rotor with maintaining its slots di-
mensions. With the new value of the radius of the bore of
the stator core, the new radius of the rotor surface
=7, —0. (17)

Therefore, correction of the number of rotor slots is
need so as not to reduce the critical values of a rotor core
- the width of the base of the rotor teeth
2701y

O

where Q,, is the conditionally total number of rotor slots;
b, is the rotor slot width; r,,=r,, — h, is the location radius
of the rotor teeth base (Fig. 4).

When choosing the number of actual rotor slots Q,
we conserve about the filling ratio of the rotor surface by
the slots

rre

bll" = _br’ (18)

er = Qr/Qm : (19)

By these formulas (18), (19) for the base version of
the TG we must take basic values Q..,, O, bys, hyp, and
then we obtain the values of the parameters kg, by
which further by varying the rotor sizes should be about
conserved.

To transform the rotor design the following formulas
are used.

New conditionally total number of rotor slots

0, =4 ceil(m - 0,99] :
brb + btrb
where the symbol ceil means rounded to the nearest
whole number in the direction of greater value of the ar-
gument in parentheses.
The new number of coiled rotor slots

(20)

0, =4-ceill0.25- Oy, - kgy, —0.99). 1)
Number of serial turns of the rotor winding
N,=N. 0,2, (22)

where N, is the number of effective conductors in the
rotor slot, for the base variant it was N.,,=2 N,,/ O,s.

Correction of the rotor with a change in its slots di-
mensions. For more detailed correction of the rotor design
we can change the basic dimensions of its slot (Fig. 4).

At the correction of the rotor we conserve:

e cross-sectional area of the rotor winding rod
Scrb:hcrb'bcrb; (23)
where /., b, are the height and width of its winding
rod;

insulation gaps in the slot d;,1, d;,; and d;4,

height of the wedge with spline /y,;
o constant addition to the height of the rotor rod
dhr = hkr + dirl + dir3; (24)
o two-side wedge deepening to the slot wall d,. = by, —
b,,, where b, is the width of the rotor base slot;
o width of the base of the rotor teeth b, (18);

e base filling factor of the surface of the rotor slots
koyp determined by (19).

To keep the magnetic flux density in the base of the
rotor teeth at the change of the number of stator slots, we
change the radius of the location of the bottom of rotor
slots proportionally to the magnetic flux change

Trn = Vrnb /kQS' (25)
By formulas (21) and (22) we calculate values Q,,

and Q,.
Keeping base value b, calculated by the formula

like (18) we obtain new rotor slot width
LAy

b, = 0., —byp - (26)
New values of rotor rod dimensions
bey =bp =2-diry ;s hey = Serp / bey - (27)

New values of the slot height and width in the area
under the wedge recess

by = hep +dp, 5 by =bp +dy; (28)

The radii of the rotor surface and the stator core bore

Tre =l +he s Isp =Te +6 . (29)

Taking into account this new value of the radius ry;

after that by (12) we calculate 7, for the new number of

its teeth O, and then other new values 4y, b., h., b, by the

above formulas (12), (8) - (10) as well as the new values
of the stator wedge width

bks = bs + dks; (30)
outer radius of the stator core
rse:rsi+hs+has- (31)

As a result as before, the corresponding geometric
model of the TG is formed

The presented set of formulas from (2) to (31) to-
gether with intermediate formulas and is a mathematical
model of the TG electromagnetic system synthesis at the
changing the number of its stator slots.

The structure of an automated synthesis system of
the TG electromagnetic system. The basis for the use of
a mathematical model, as stated above, are the parameters
of the TG basic design and the new value of the number
of stator slots. Since then the automated program complex
synthesis of a new TG electromagnetic system synthesis
begins. A block diagram of the synthesis program is
shown in Fig. 5.
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ﬂ Input from the text file the data of the base model and
necessary parameters of the new model of the TG

2

| 2 | Calculation of the TG new model parameters |
v

| 3 | TG geometrical model building |
v

| 4 | TG physical model forming |
v

ﬂ Iterative field calculations at the idle and short-circuit
modes to determine initial values of the TG excitation
parameters at the load mode

ﬂlterative field calculations at the load mode to determine
final TG excitation parameters

v

Final magnetic field calculation at the load mode |

v

8 | Determination of the TG electromagnetic parameters
by the results of the numerical field calculation

v

Writing the calculation results to the text file |

7]

lo]

m Storage of the physical, geometrical and field models
of the TG in the computer file system

Fig. 5. A block diagram of the program for the TG electromag-
netic system synthesis

All steps shown in Fig. 5 are organized and executed
by the program written on the algorithmic language Lua-
script. The program starts and runs in the FEMM software
environment [5] performing numerical calculation of the
magnetic field by the finite element method.

The meaning of the blocks 1, 2, 7, 8, 9 and 10 in Fig.
5, in principle, obvious by given in these texts. However,
for the remaining blocks we give explanations.

The essence and software implementation of the
blocks 3 and 4 are presented in [9]. In them on the base of
the input and calculated information on the geometrical
dimensions of TG the geometrical model of the TG is
built as shown in Fig. 2, Fig. 3 and Fig. 4. For the parts of
this model magnetic and current properties are defined - a
physical model is formed. And in general a physical and
geometric model of the TG for the magnetic field in the
software environment FEMM is obtained.

Power parameters of the TG are set by values of
power, phase voltage and current, power factor. And to
achieve them in each new version of the TG we need to
know the parameters of the excitation of the magnetic
field at the load mode. These parameters include excita-
tion current in the rotor winding 7. and phase shift 5 of the
stator winding EMF relative to the rotor windings EMF.

Theory and principle of their determination are de-
scribed in [7] and they are based on iterative calculations
of magnetic fields at the idle, short-circuit and the load
modes. All this is done in blocks 5 and 6 (Fig. 5), and
software implementation is presented in [10]. Besides, in
them necessary electromagnetic parameters of the TG are
determined that corresponds to the block 8 in Fig. 5 in
which also harmonic analysis of the angle function of the
magnetic flux linkage the temporal function of EMF of

the phase stator winding in accordance with the theory
presented in [8] is carried out.

Results of operation of the software complex for
the TG electromagnetic system synthesis.

First of all, the developed software system has been
tested on the base model with the number of TG stator
slots Oy=30. That is based on the basic model, the same
one is synthesized. Next, the synthesis of new models
with slot numbers Q; equal to 24 and 36 has been carried
out. They are closest to basic model minimal and greater
values of Q; taking into account that

Oy =2-p-mg-qg, (32)
where the number of slots per pole and phase g, must be
an integer.

Step of the stator winding by slots y; is calculated in
the program on the condition of ensuring the coefficient
of relative shortening f nearest or equal to 0.833 which
gives the most suitable harmonic structure of the stator
winding EMF [1].

Each of the TG models with their values Q; is syn-
thesized in two considered above rotor correction vari-
ants: 1) while maintaining its slot dimensions; 2) chang-
ing them. Further number of these options added to the
values of the numbers of stator slots.

It should be noted that the calculation of one variant
on a computer of sufficiently high level taken about 10
minutes, with the number of nodes of the finite element
structure according to the variant was 30-40 thousand, the
number of triangles 60-80 thousand.

A geometrical model of the TG base variant was al-
ready presented in Fig. 1 and is repeated in Fig. 6 together
with the calculated magnetic field distribution. Models of
synthesized electromagnetic systems are shown in Fig. 7
— each one by fourth cross-section with the corresponding
parts of the picture of the magnetic field at the load mode.

Fig. 6. Base electromagnetic system of the TG
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Fig. 7. Variants of the TG electromagnetic system

In the numeric form part of information about these
models is presented in Table 1.

Table 1
Parameters of the TG electromagnetic system in various
its variants

0, 24-1 | 242 30 36-1 36-2
v, 10 10 12 15 15
B 0.833 | 0.833 0.8 0.833 | 0.833
0, 48 48 36 36 36
N, 168 168 126 126 98
N, 8 8 10 12 12
ry, MM 797 749 | 6375 | 637.50 | 570
ro,mm | 1482 | 1451 | 1250 | 1167 | 1126
h,, mm 148 165 183 171 199
b,mm | 688 585 50.8 555 46.0
h,mm | 36.1 444 535 47.6 61.4
b,mm | 554 | 451 374 | 421 32.6
h,, mm 160 | 171.5 160 160 | 158.7
b,mm | 33,9 34. 33.9 33.9 37.9
1., A 715 840 1028 847 1269
I, A 1896 | 2121 | 3159 | 3419 | 5020
B, degree | -158.56 | -156.98 | -160.42 | -166.13 | -162.78

F,, kA 319 356 398 431 492
F, kA 196 196 245 294 294
AW, KA 277 277 346 416 416

Kapm 1.748 1.820 1.712 1.548 1.666
Pous, MW | 3435 340.9 341.2 3423 342.1
AP, xW 851 851 1064 1277 1277

D, Wb 1.339 1.328 1.102 0.920 0.919
D;, Wh 1.459 1.475 1.248 1.065 1.080
Bs T 1.309 1.224 1.306 1.139 1.260
B, T 1.682 1.809 1.910 1.773 2.018
B, T 1.393 1.597 1.771 1.563 1.978
B, T 1.629 1.512 1.635 1.738 1.703
B, T 1.604 1.607 1.639 1.699 1.668

Here, in addition to already represented values we
present: [,, - rotor current at the idle mode; F,.=N,I, -
EMF of the rotor winding under load; F; =1.5 «/E AN -
EMF amplitude of the stator windings; AW = mg [N, -
ampere-turns of the stator winding which in contrast to Fj
characterize not electromagnetic nature but just design

filling of the winding like F,; ky;, - TG overload capacity;
P, s - electromagnetic power determined by the electro-
magnetic torque; AP, - electric power loss in the stator
winding; @,,, @, - magnetic fluxes in the gap on the pole
division at modes of idle and load; maximum values of
the magnetic flux density at the load mode in the center
points by parts of the magnetic system: By - in the gap;
Bzr, Byr - in the teeth and the yoke of the rotor core; B.,,
By, - in the teeth and the yoke of the stator core.

In more detail the meaning and procedure for deter-
mining the values presented can be found in the works,
which listis in [11].

Table 2 presents a harmonic composition of the tem-
poral function of EMF of the phase winding which is de-
termined in accordance with [8]. Here we present the am-
plitude of the first harmonic £, in absolute terms, as
well as the amplitudes of the odd harmonics with numbers

v-inrelative form £y« = E,y/ Ey 1.

Table 2
Harmonic composition of the stator winding EMF at various
variants of the TG electromagnetic system

O, 24-1 24-2 30 36-1 36-2
E,,V | 16715 16715 16930 17198 17196
E, 3+ 0.0564 | 0.1112 | 0.0647 | 0.0745 | 0.0719
E,s5+ 0.0087 | 0.0044 | 0.0048 | 0.0125 | 0.0125
E,7+ 0.000 0.0024 | 0.0069 | 0.0024 | 0.0051
E, o 0.0038 0.000 0.0083 | 0.0061 | 0.0063
E, i1+ 0.0205 | 0.0166 | 0.0192 | 0.0191 | 0.0221
E, 13+ - - 0.0105 | 0.0181 | 0.0209
E, 15+ - - - 0.0024 | 0.0037
E, .17+ - - - - 0.0052
s 0.9982 | 0.9937 | 0.9976 | 0.9968 | 0.9968

The total content of series is characterized by the dis-
tortion factor

ddist = > (33)

where N, is the number of accounted harmonics equal
0//2.

This ratio (33) for «pure» sine wave is equal to one,
and its reduction indicates increase the role of higher
harmonics. Although, in principle, obtained harmonic
compositions for considered options of the TG electro-
magnetic systems are quite acceptable in terms of quality
of generated electricity, the more that the main higher
harmonic - the third, which at the connection of the stator
windings in a «star» in the three-phase system of line
voltages theoretically disappears.

Presented in Tables data and models in Fig. 6, 7 give
a clear picture of developments during the modernization
of the TG electromagnetic system. However, their de-
tailed analysis is beyond the scope of this paper. Their
role is to demonstrate the capabilities and efficiency of
the developed system of the TG electromagnetic system
synthesis on the example of changing the number of slots
of the stator core.

Conclusions.

1. A synthesis system for the TG electromagnetic sys-
tem is made possible by numerical methods for calculat-
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ing magnetic fields in conjunction with high-speed com-
puters and efficient software.

2. Considered variant of synthesis as an example of the
TG modernization by changing the number of the stator
core slots provided an opportunity for the implementation
of principles of construction and implementation of the
design synthesis system, in general, and can be, in par-
ticular, expanded for the possibility of variation and other
parameters of the TG in order to optimize its design.

3. For the practical use in the design of TG the devel-
oped and presented synthesis system can be more de-
tailed, specifying the individual components of the
mathematical model at maintaining the principles of de-
sign and implementation of such a system.
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