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Leinitially, after vc, els, and after b, L.; e elsewhet-re.

Vihnwrittc;n as 6 in Russian, transliterate as yLE or

RUSSIAN AND "I GLISii TRIC-")x.OI ETRIC UTIN

Russian Engl.ish Russian English Russian Eg>

sin sin sh sinh arc sh
^os Cos ch cosh arc c h ~~
tg tan, th tanh arc th ir
c t P cot cth coth arc cth c1!
sec sec sch sech arc s c I s'ech
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Russian English
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' 1'h i : ; .u [Co l k tor-t ree k( l 'Ct r ;lJ] ":.!:chi 1c Ai,,l il icr j and Ir,-

U!.CV t l'lSi-.tll -' that we dCvilo',d ie I tL..'o- ,s(.; c IdeC and int,,;ixitcd

itC fir: tc CIscZade e csselIt ail V a :;\,nchrum u 8 ,chine. But tIet .8;1 e

of the a i r gap in I h ne is adopted i in a snc IIools machins. It can

be expect ,d , therefore , that 'without t. he use of st.abi lizirg reso,,rcus,

the external chara,cteristics, of the synchronous cascade wil l have a

steeply di oping nature. Experiment confiril:s this.

The existing met!hods aor stabilizing volta,,e by using fcedba.(,].

are more suitable for tran.-,formers and ariplifiers of direct current and

fixed frequency. In transformers and aplifiers with controllable

frequency, the use of feedback results in an additional- loid of tbe

controllable semiconductor collector (UPK) that x, ith large limits

of frequency regulation can surpass the rated output (with base

frequency) several times. In other words, the presence of fcedh-,ck

through the UPK results in a decrease in the rated loading of tlio

machine.

This forces us to search for new methods of stabilizing he

voltage.

We have suggested a method for inml-rovini the rigidity of the

external characteri stics of the synchronous cascade of the machine

by reducing the effect of the demagnretizincg 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 ,inding

is divided into parts that are shifted in space in relation to each

other at a certain angle a (fig. 1).

As a result of this connection, a shift is created between t-hc

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 reduced,

but insignificantly, in any case, to a lesser degree than the de-

magnetizing effect, of the ar-mature reaction is reduced.

Logic predicts that phase divis~ion into two equal parts will be

the best. [Illegiblej the following calculated formula:
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---ntJ (r '. indill',phasc::,

f fr t wcv

.O--m.ignctic ri:m..., illty of ail-,
K --- winding% c~ofl :.,..at,

w -1e iinto i*p
U - -numboe" of U...ifl(i u. l.oops,
K- -coefficient of ,ir gap,

K--saturation coof ficieni

p--numlibor of polc, pairs,
6--size of air gw.

Figure I.

Analogously, the derived expression for the inductive resistance

of the winding when it is connected on the "zigzag" plan looks like:
* •i,, l I; ,,

:XP, , tllf:-i% j. I M ! , I- N '2 Cos.)Y-1. M ". 5 ,)" l. (2)

On the condition that the number of winding, loops of the "zigzag"

WZ =1 I+ 2 equals the number of loops of the normal winding pwe

obtain
xl,__ ..._ I1( W , 4 \V',cos r- )' -. (V., sin ,)] ._

" - 0 . ( (3)
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Figure 2. External Characteristics of

Cascade with f =0.Y

The optimal ratio of the number of loops W1 and V2, and the

optimal value of angle a are obtained after the partial dcrivativc--s

of expression (3) are equated to zero,v:hich are equal to:

and 
(4)

The presented experiments completely confirm this conclusion. A

model was created for the study in overall dimensions of AOK 42-4.

The armature winding was placed on the rotor. The following types

of windiness were studied:

1) standard loop winding with number of loops Wp.

2) "zigzag" winding with W+ 2
- p wit+2 I

A study was made of the effect of angle a on the rigidity of

external characteristics, with frequency of the control field fy=0.

The testing results are presented in figure 2 in the form of the

relationship U=f(l). It is apparent from the figure that with ct=9 0'

(curve 1), the external characteristics are more rigid than with

!=60 (curve 2) and t=O (curve 3).

The developed plan of "zigzag" winding with a=90* is presented in

figure 3.

Thus, the connection of winding by "zigzag" significantly in-

creases the rigidity of the external characteristics of the machine.
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Figure 3. DeveloDed Plan of "Zigzag" Vinding vith
a=90 ° el.

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

It is apparent from the curves that with small load currents,
in order 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 considerably greater for "zigzag" winding since
the control power for both windings are classified as squares of
curren ts.

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

K =37 for normal winding,
Ky=54 for the "zig ag" p

It is especially importatnt that these relationships that were
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Figurc 5 (continuation)

120-
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Figure 6. External Characteristics of
Cascade .,lith "Zigza," Winding with
Capacitance Load and f =30 Hz.
1. with C=O. Y

2. with C=15 pf.

obtained wich a fixed conLrol field remain correct even fDr the

operation of the CascadL' with rotating field of the control windin,.



[jC ';"Clit S I ( x tc a~ilz i i ,III ;,, ingr c!,I ','1 ,ter i L; !1

Ltk .5.:td,' 1.,t C,'.L ,l-t'( n .xJii . 4rt:,i ,-cv (d1 t1 1 int( Cl ijl d f -
V

30 1l-. Th i yi Ids a. ei . f F (r(e ,,TnC% in tII rotor wildiIng n

f) 1 It:. i t i' a. . cir~rLfrom;i t 1!c curves; t.h, during re,,ult io o f

the Ireqy('1ncv', th. ri,,J di tv of tle external clharactcristics for the

,-S",' ' I I a (curV' I) is conc; i d a ' v rC, L.er.

I t: !z 1o011(1 a '40 be l(?o LO that: I.l en w I:., ;g o thec a po cit-m ( I am) e io ,'
(for ex,.m pe , it h na wt:ichent of t he conpe, sating caacit:c , to

the cascade outlct) , the winding that is connected on the 'ar,

plan acts in thie same way as the: norm-al winding. The external charac-

teristics of the cascade in a capacitance load are given in figure 6.

Thus, the use in transformers and amplifiers of the integrated

type of a winding connected on the "zigzag" nlan instca 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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