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ABSTRACT

The principle of work of one and three-phase frequency dividers is based on the applied to windings of
nonlinear elements voltage with frequency of the controlled thyristors and achievements by periodic change of a
magnetic state of magnetic cores, further divisions of frequency twice of this voltage in a spark output circuit.

The circuit of a single-phase frequency divider and signal graph of the block diagram of mathematical
model is quoted. Areas of steady subharmonic division of frequency and the external characteristic by the
received results on the model and experimentally are constructed. Errors of the received results make up to ten
percent.

INTRODUCTION

Nowday for transformation high frequency in low in many industries - automatic
control and regulation, radio engineering devices, telemechanics, and also as power supplies
of mechanisms, devices and apparatuses of low frequencies the increasing application find
frequency dividers.

EXPERIMENTAL REZULTS AND DISCUSSIONS

In Fig.1 the circuit of a frequency divider in 16 times is presented. For maintenance of
steady work of operation and reception of the qualitative output voltage, the account by
development and research of all operating modes of dividers has the important value.

Such divider of frequency is consist of two ferromagnetic elements, which initial windings
w, are connected in series and aiding. Secondary windings — field coils with numbers of coils
w, are connected in series and opposition and together with capacity C form a spark circuit
[1]. In series with initial windings is included the controlled thyristor T [1], control of which
is carried out from the control block.

The circuit of such divider allows to reduce frequency f, of an input voltage in 4, 8, 16 and

S

32 times, the frequency of a output voltage is determined as f, =~ (n = 1,2,4,8....). It can be
4n

achieved with change of frequency of a pilot signal of thyristor and parameters of a spark
circuit. The circuit of a three-phase frequency divider turns out application of three in parallel
connected thyristors T1, T2, T3; anodes of these thyristors are connected to three A, B, C
phases, cathodes are connected in one node, where the initial circuit of a divider is connected.
Thus, initial windings of a three-phase divider are connected in a neutral line of a three-phase
circuit.

Such divider mains supply with the frequency of 400 Hz, and the controlled signal,
acting in an electrode of thyristor, changes with the frequency of 50 Hz, then the frequency of
a output voltage is equaled



Fig. 1. Frequency divider in 16 times with magnetic thyristor.

In the first, in eight half-cycles of a supply voltage a thyristor opens four times, and in
the following eight half-cycles a thyristor all time remains closed. Thus, the applied voltage in
an initial winding will change with frequency in eight times less, than frequency of an input
voltage, and on an output circuit will take place division of frequency of this voltage twice. In
a consequence on an output the voltage with frequency of 25 Hz, i. e. in 16 times of smaller
frequency of an input voltage turns out. As a result of an autoparametrical resonance in a
spark circuit arises powerful steady subharmonic oscillations, as the output voltage with
required frequency is.

For drawing up of the differential equations of a frequency divider the following
assumptions are accepted: numbers of coils of initial w, and secondary w, windings were
accepted identical, it was neglected the hysteresis phenomenon, inductance of dispersion of
initial and secondary windings (Z,, L,) are taken into account, active losses in windings and

magnetic circuits were represented by the active resistance incorporated with R, and R,. The

curve of magnetization of ferromagnetic cores was approximated three pieces of straight lines,
a thyristor was modeled in view of a voltage drop on the open thyristor and a leak current of
the closed thyristor.

At construction the signal graph of the block diagram of mathematical model of a divider as
against [3], [4], all conditions of steady work of the model were taken into account, the
number of nodes in one closed contour always is odd, the mark of a signal on an output of
tops becomes opposite an input, as in the operational inverter. In mutual-return functional
transformations of F, (CD A) and @ B(FB) were reproduced in one closed contour. For

maintenance of stability of the model the differentiation and integration were carried out in
one closed contour. Thus, to construct a graph, it is possible to be convinced preliminary, that
work of model will be steady.

The equations for drawing up of the block diagram of model of the divider in 16 times
and the directed graph of the block diagram of the divider (Fig. 2) in system of relative units
look like:
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where @, and ®p — are magnetic streams of cores A and B, and the dependence between
streams and magnetizing forces is expressed by F, ((D A) and @ B(FB); u, - is an input

1
voltage; i,R,,L, - are a current, active resistance and inductance of an initial circuit;
i,,R,,L, - are a current, active resistance and inductance of a secondary circuit; i.,u. - are a

current and voltage in a circuit of capacity; i, ,u, - are aload current and load voltage; R, ,L,

n

- are an active resistance and inductance of loading; u,,i, - are a voltage on thyristor and a

current through it.

In Fig. 3 (a) are presented areas of existence of steady vision of a single-phase
frequency divider 16 times, removed on models (continuous lines) and experimentally (dotted
lines); in Fig. 3 (b) are presented the external characteristics of such frequency divider
removed on models (continuous lines) and experimentally (dotted lines). As a result of
researches on the model the areas in which there are steady oscillations with the set frequency
of a output voltage have been determined. As from the figure it figure it is visible, that in

coordinates 1/ C and U, borders of existence areas of steady division for frequency dividers
in 16 times which have been removed on model are quoted, at its work in various modes.
From the figure it is visible, that with increase of the load current of at an output of the
divider the area of existence decreases, and, it borders is a little displaced aside smaller values
of ¢ and U,. The most powerful subharmonic oscillations in a divider arise near to the left
border; therefore, at designing such frequency dividers the operating conditions should be
chosen at values 1/ Cc= 0,04 and Uy = 1,55 . At reduction of resistance in a circuit of loading

up to "critical" values, such mode of a divider at which there is "failure" of subharmonic
oscillations to the set frequency acts.



Fig. 2. Signal graph of the block diagram of mathematical model of the frequency divider
in 16 times with magnetic thyristor.

Fig.3. The area of work stability (a) and
the external characteristic (b) of the
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Such mode is considered a mode of short circuit of a divider. In this case subharmonic
oscillations on an output of a divider do not arise at any values X¢ and U,. At research of



areas of existence of steady division in no-load conditions of a divider self-oscillations at the
right boundary of area were observed. At transition of a divider from no-load conditions to
under-load operation, self-oscillation decrease and at values of resistance in a load circuit
smaller R=0,6 R, at all disappear (areas 2 and 3). The top part of area and on its left

boundary there is a zone of tightening, where steady subharmonic oscillations with output
frequency here exist only when the divider during its work in the certain mode, passes in this
area at spasmodic change of values l/ C and 7, If to disconnect a divider from a network in
its operating time in a zone of tightening, then at repeated inclusion in a network oscillations
on an output it is not raised. In the same figure the area boundary of existence of steady
division received as a result of an experimental research of a divider in no-load conditions is
shown by a dotted line.

From comparison of boundaries of areas of the existence received on the model and
experimentally, it is visible, that they differ from each other under the form a little and lay in
limits the same values l/ C and U,.

As it is visible from figure 3 (b), the external characteristic of a divider rigid and at
transition of a divider from no-load conditions to under- maximal load operation the output
voltage decreases only for 7..10 % from nominal value.

For comparison, here the external characteristic removed as a result of an
experimental research of a divider in 16 times in the same operating mode and counted in
relative units is shown by a dotted line. As it is visible, both characteristics insignificantly
differs from each other under the form, the error makes 6 %.
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AKTIV INDUKTIV YUKLU TEZLiK BOLONI
ABDALOV S.I.

Bir ve tg¢fazli tezlik bolenlarinin is Prinsipi qeyri-xatti elementlorin dolaqlarina tiristorun
idare signalinin tezliyine beraber tezlikli gorginlik todbiq etmoakdon ve bu tezliyi iki defe
yeniden bolmeaye osaslanir. Bir fazli tezlik boleninin sxemi ve riyazi modelinin struktur
sxeminin siqnal qrafi verilir. Riyazi model vo eksperimentlo alinmig noticeloro osasen
doyanatli subharmonik bolme oblasti vo xarici xarakteristika qurulub. Alinmis naticeler
arasinda xota 10 faizo qoderdir.

JNEJIMTEJB YACTOTBI C AKTUBHO WHIYKTUBHOW HATPY3KOM
ABJIAJIOB IILH.

[Tpunuun pa®oTsl OHOTO M TpeX(a3HbIX NEIUTENeH YacTOThl OCHOBAH Ha MPHJIOKEHUU C
00OMOTKaMHU HEJNHMHEHHBIX 3JIEMEHTOB HANpPsDKEHUS C YacTOTOM yNpaBJIEHUS TUPUCTOPAMHU U
Ha JOCTH)KCHHE MEPUOJUYECKOr0 M3MEHEHHMEM MAarHUTHOI'O COCTOSIHUS CEpACYHHUKOB, Jajiee
ACJICHUEC YaCTOThI 3TOTO HAIIPSP)KCHUA B IBA pa3a. HpI/IBOILI/ITCSI cxXema OI[HO(I)EISHOF O JCIUTCIIA
YaCTOThl W CHUTHAJBHBIM Tpad CTPYKTYpHOM cXembl MaTemaTudeckoii wmozenu. Ilo
NOJYYEHHBIM pe3yJbTaTaM MOJENTH M SKCIEPUMEHTAIBHO MOCTPOCHBI 00JACTH yCTOHYUBOTO



cy6rapM0H1/mec1<0ro ACJICHUS YaCTOTbl MW BHCIOHAA XapaKTCPUCTHUKA. HOFpGHIHOCTL
IMMOJIYYCHHBIX PE3YJIbTATOB COCTABJIACT A0 ACCATU IMMPOLICHTOB.



