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Bslock  Itallc Transliteration  Block  italle Tranciitoerat i
A A a A, a P p P R, r
t, o B 6 B, b C c C ¢ S, s
; B B V, v T 1 T m T, L
} Lo r e G, ¢ Yy Yy vy U, u
i i n o D, d LU ® ¢ w0 f
L oe E ¢ Ye, ye; E, e¥ X x X x Kh, kb
™ XN x Zh, zh Uu U y Ts, Lo
3 2 3 2 Z, = Y u Y Ch, ch
H on M u I, 1 Ww W w 3h, sh
} hoa A a Y, ¥y L ow U Shch, si0ch
' How K «x K, k b v 3 "
4 Jn J 2 L, 1 b Y Y, o
R M M M, m b b b !
H » H N N, n d 3 3 E, ¢
0o 0 o 0, o L L » Yu, vu
i nn n n P, p Al f A «x Ya, ya
% ye ihitial;y, after vowels, and after v, v; € elsewhere.
! Wher written as & in Russian, transliterate as v& or &,
{ RUSSIAN AND INGLISH TRIGONCHETRIC FUNCTIONS |
i
Russian English Russian English Russizn Ergli g
sin sin sh sinh arc sh sinn
cos cos ‘ ch cosh arc ch cosh
tg tan th tanh arc th tann_
ctg cot cth coth arc cth coLL_j
sec sec sch sech arc sch sech_i

cosec ¢se ¢sch csch arc c¢sch csch

Russian English

rot curl
lg log
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The WU {Collector-tree Blectrical Machine Aameliticery and fre-
quency transformers that we developod are two-cascade and integrated.
The fivst cascade is essentially a svncehronous nachine.  But the sice
of the air gap in them is adopted as in asvnchronous machines. Tt can
be expected, therefore, that without the use of stabilizing resources,
the external characteristics of the synchronous cascade will have a
steeply dipping nature. Experiment confives this.

The existing methods for stabilizing voltage by using fcedback
are more suitabhle for transformers and amplificrs of direct current and
fixed frequency. In transformers and amplifiers with controllable
frequency, the use of {cedback results in an additional load of the
controllable scmiconductor collector (UPK) that with large limits
of frequency regulation can surpass the rated cutput (with basc
frequency) several times. In other words, the presence of {cedbucek
through the UPK results in a decrease in the rated loading of the
machine.

This forces us to search for new methods of stabilizing rthe
voltage.

We have suggested a method for improving the rigidity of the
external characteristics of the synchronous cascade of the machine
by reducing the effcecct of the demagnetizing action of the armature
reaction with the help of a special design of the rotor winding called
"zigzag."

The essence of this winding design is that each phase of the winding
is divided into parts that are shifted in space in relation to each
other at a certain angle o (fig. 1).

As a result of this connection, a shift is created between the
main flux and the flux of the armature reaction. As a result, the
demagnetizing effect of the armature reaction is diminished. The
resulting electromotive force (e.m.f.) of the machine is also reducued,
but insignificantly, in any case, to a lesser degréc than the de-
magnetizing cffect of the armature reaction is reduced.

Logic predicts that phase divicion into two equal parts will be

the best. [Illegiblce] the followins calculated feormula:

e




e e .

3
s
!

s et R - a el o

. SRR [T 5 7 RTSN LA
N 2 '1\‘., Koy (1)
M--nunber o! winding phascs,

f--c.m. f. frequoency,
uo--mnz;nctic percest-ility of air,
Kw-~winding coefiiciont,

\Jp——lembcw: of winding locps,

Ké~-coefficient of air gap,

Ku--saturation coefticient,
p--nuwber of pole pairs,

§--size of air gap.
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Figure 1.

Analogoeusly, the derived expression for the inductive resistance
of the winding when it is connccted on the "zigzag'" plan looks like:
Po Ry,

jI'X}pz ""-‘;,5?:11_‘:‘](‘; hopa !(Wx» I 'W, cos1)*-H(W, 5“")2]‘ o (?)

On the condition that the number of winding loops of the "zigzag"
W2=U1+W2 cquals the number of loops of the normal wihding “p’ we
obtain

_‘}..',"E. .-K“,i'(‘-\'u + Wycos a)” o (W, sinw)?) .
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Figurce 2. External Characteristics of
Cascade with Ey=0. {

The optimal ratio of the number of loops Wl and Wy and the

optimal value of angle o are obtained after the partial derivativas

o DU b i

of expression (3) are equated to zero,which arc equal ro:

W, W Qe
: ? and

(4)

t\:[ B

The presented experiments completely confirm this conclusion. A
model was created for the study in overall dimensions of AOK 42-4.

The armaturc winding was placed on the rotor. The following types
of windings were studied:

1) standard loop winding with number of loops Wp. :

2) "zigzag" winding with w1+w2rwp with W2=%Ml.

A study was made of the effecrt of angle o on the rigidity of
external characteristics, with frequency of the control field f_=0.

The tcesting results are presented in figure 2 in the form of the
relationship U=f(1). 1t is apparent from the figurc that with «=90°
(curve 1), the external characteristics are more rigfd than with
a=60° (curve 2) and «=0 (curve 3).
tﬂ The developed plan of "zigzag' winding with «a=90° is presented in
P figure 3.

Thus, the connection of winding by "zipzag' significantly in-

creascs the rigidity of the external characteristics of the machine.




; MR e S — T
..“‘-de\-" T L e e s

o AR e s o ok AR e . 0 % e P, , s

e v Ml - .o s o

e e
o ik e

/
/‘\/‘
/

i
[
\
/
prprapengn

N

i

|
¢
Figure 3. Developed Plan of "Zigzag'" Winding with 4
a=90° el. i

However, the most indicative are the regulating characteristics ({ig.
4) that were obtained with a fixed control field fy=0 and e.m.f. fre-
quency of the rotor fn=100 Hz.

It is apparent from the curves that with small load currents,
in ordev to obtain the same voltage at the outlet when the winding ]
is connected on the “"zigzag'" plan, greater power of machine excitation
is required (curve 1) than with normal winding. However, with

currents close to the rated, the pattern is drastically altered. This
| indicates that the amplification coefficient of the cascade with a

normal load will be considcrably greater for '"zigzag" winding since

the control power for both windings are classified as squares of
currents.

For example, with power P=4 kW, the following amplification coef-
ficients were obtained

Ky=37 for normal winding,

Kv=54 for the "zigzag" plan.

It is especially important that these relationships that were
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Figure 4. Regulating Churacteristics of
Cascade with fy=0.
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Figure 5. Extcrnal and Regulaving
Characteristics of Cascade with
y=30 Hz, fp=l30 Hz
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Figure 6. ILxternal Characteristics of
Cascade with "Zigzag" Winding with
Capacitance Load and f =30 Hz.

1. with C=0. y

2. with C=15 uf.

obtained wich a fixed control field remain correct even for the

operation of the cascade with rotating field of the control winding.
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Fipure 5 presents the oxtemmal and repulating charocteristics of

1

the cascade that were taken with freonencey of the control field fv

30 He. This vields an eoncf. frequencey in the rotor winding of

£330 Heo 1o is apnarent from the curves that during regulation of

1

JUN—

the frequency, the rigidity of the external characteristics for the

L K] "

2igpoag” plan (curve 1) is considerably greater, !
It should alse be noted that wvhen working on the capacitance load,

(for example, with attachuent of the compensating capacitance to

the cascade outlet), the winding that is connected on the "zigzag'

plan acts in the same way as the normal winding. The external charac-

teristics of the cascade in a capacitance load are given in {igure 6.
Thus, the usec in transfermers and amplifiers of the integratced

type of a winding conneccted on the "zigzag' ovlan instcad of the normal

winding, increases the rigidity of the external characteristics of the

cascade and reduces the control power with rated load. This is

especially important for machines with controllable frequency.
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