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CONTROL OF VALVE CONVERTERS WITH
NATURAL CURRENT CHARACTERISTICS
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Kazakh Agro Technical University named after S. Seifullin, 010000, Astana, Kazakhstan

Abstract. The article considers the valve converter with a natural current
characteristic, which is called the current of parametric, for which the pri-
mary is not the source of the electric force but a parametric source of cur-
rent, to the output of which connected to the counter-parallel thyristor sets
assembled on the bridge scheme. The control of thyristors in the current
converter is carried out taking into account the characteristic features of the
parametric source, to avoid overvoltage on its reactive elements, analyzed
algorithmic and modulating functions of the system borne temporary dia-
grams.

1 Introduction

One of the most important tasks of modern production is energy saving, which is largely
determined by the quality of electrical energy. The quality of electrical energy depends es-
sentially on the type of harmonic composition of the current consumed. The harmonic
composition of the network current is essentially dependent on the semiconductor transduc-
ers, which is a non-linear load for the supply network, which leads to significant distortion
of the form of the network current and, as a consequence, deterioration of quality indicators
electricity [1-4].

2 Main part

One of the ways to solve this problem is the application of the current parametric convert-
ers, which have a natural current characteristic. In the current of parametric, in contrast to
traditional, primary is the source of voltage, and from the parametric source (PS), to which
output the controlled valve sets (VS) are connected. The scheme of one of the variants of
the bridge controlled CPC is shown in Figure 1.

 Corresponding author: sarsikeyev.ermek@yandex.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 155, 01047 (2018) https://doi.org/10.1051/matecconf/201815501047
IME&T 2017

N
! 2
L L L
c c c
. -
PS

VS, —

N

VS,

Fig. 1. Power scheme of CPC.

The control of thyristors in the CPC should take into account the following characteris-
tics of the PSC [5, 6]:

-Necessity of presence of conducting valves at every moment in all phases of CPC, in
order to avoid occurrence of surges on reactive elements of the current source;

-When unlocking the valves in a circuit with a voltage other than zero, there may be un-
desirable modes in which the thyristors are discharged capacitors, in circuits with almost
Zero resistance.

The main functions of the current converter control system Highlands The peculiarities
of its operation. The control systems of the CPC should convert the set of input control and
auxiliary signals into the control signals of thyristors.

The control signals can be digital and analogue. The control signals synchronized by the
clock generator shall ensure the unlocking of the valves in the sequence necessary for the
formation of the output current, the voltage of the required form-algorithmic function

The valve unlocking should occur at the moment of natural switching in order to avoid
unfavorable transition processes. At the same time, the control signals should be such as to
ensure the reliable inclusion of the valves in the case of breaking currents, having a mini-
mum average control capacity (R, = Ry min).

The algorithmic function of the control system is implemented in a logical device, and it
can be performed in the form of a machine or combinational logic schemes. The logical
device, depending on input information coming to its input, sets the following modes of
operation of the converter:

- Positive load current (/,+);

- Negative current (/,-);

- Pause at Open load ( /; =0);

Modulating function of the control system of the CCI is realized in the device number-
pulse control and performs modulation of temporal parameters of control effects:

-duration of pulses of control on thyristors of the current of parametric synchronized
with the moment of natural unlocking of valves;

-output frequency converter;

-regulation of the output current by changing the whole number of cycles of pause.
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The generalized structure diagram of the device the number-pulse control is shown in

Figure 2.
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Fig. 2. Structural scheme of the device number-pulse control.
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Sawtooth voltage is formed in the block of the sawtooth voltage generator (SVG). This
synchronized voltage is compared with the support, coming from the output of the refer-
ence voltage generator (RVG), in the threshold device (TD) and at the moment of compari-
son at the output of the code generator (GC) the mode of operation of the converter chang-
es.

In the threshold device, at the moment of comparison of these signals, the impulse which
influencing on the code generator changes the mode of operation of the converter.

Analytical output signal device number-pulse regulation Z(t) is described:

Z({t)=m, at t <t

response 1)
Z(t) =n, att= tresponse >

where m is the code Z (#) before the threshold device is triggered; n— code Z (¢) after the
threshold device is triggered; fresponse. -— response time of the threshold device.

The synchronization node is a sensor of moments of natural unlocking of valves. As
such can be the current sensors included in the output phases of the parametric source, volt-
age sensors, controlling the moment of transition of the voltage "anode-cathode" valves
through zero. Let us consider modulation of temporal parameters for nonreversible and
reversible CPC.

1. Nonreversible current parametric converters. In Figure 3 there are temporary dia-
grams explaining the work of DNIC, where it is indicated: 71 —the duration of current flow
in the load; - duration of a noncurrent pause; Upn— the value of the reference voltage,
which specifies the duration of the 72; 7> — period of the output current period.

Up to the time of #3, the load has a straightened current, corresponding to the combina-
tion of code words at the output of the code generator — 10 (Z;).

At the moment of time # voltage Ugay = Ur, as a result there is a response of TD and on
output of the code generator there is a signal Z», corresponding to code 11. This code de-
termines the duration of the noncurrent pause. With change of U changes Z,, thus the
average value of a load current is regulated.

The following variants of work are possible:

a) 7, + 72 = T> = const. With the change of the reference voltage U, simultaneously
change the duration of signals Z;;and Z,,

The period of the output current remains constant and is set by the period of quantiza-
tion of the sawtooth voltage generator (Figure 3). The device number-pulse control has one
channel containing a sawtooth generator and a reference voltage with one threshold device.

b) 7; + 72 =T> = var. In this case, in turn, the following options are possible:

7; = const, T,= var. The duration of the straightened current t1 remains constant and is
set by the reference voltage U;;= const. The duration of the noncurrent pause 7,2 is a func-
tion of time and is determined by the reference voltage Uy, = var , 1.e. ©2 = f (Uy). 71 = var,
7= const. The duration of the straightened current z; (¢2) = f(U:1), U = var. The duration
of the noncurrent pause remains constant and is set by the reference voltage U, = const.
71 = var, 72 = var. The duration of the straightened current and the non-current pause are the
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functions of time and vary according to the change in the support voltage U;; u Uy = var,

7 (1) =1 (Un), 2 = f(Ur).
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Fig. 3. Temporary diagrams of the device operation number-pulse regulation of the nonreversible
CPC.

The device number — pulse control in the second variant has two channels, each of
which contains a sawtooth voltage generator, a reference voltage generator and a threshold
device. 2. Reversible currents parametric converters. In reversible current parametric con-
verters are possible four time intervals on the period of the output current.

The device's temporary diagrams of the number-pulse control are shown in Figure 4,
where indicated:

7; — the duration of the positive current (/7 +);

73 — the duration of negative current (I -);

72 — the duration of the noncurrent pause at transition from /+ to Iy-;

74 — the duration of the noncurrent pause during the transition from /y- x Ig+.

10 — Z,; signal code, specified by in + mode I +;

11 —signal code Z;;aa 1 Zy, that specify in Iy = 0,

01 —signal code Z: setting mode /x-.

At the same time duration of intervals 7; + 74 two variants are possible:

a) dependent on each other;

b) independent of each other.

In the first variant the modulator has one generator of sawtooth voltage and two genera-
tors of reference voltages (U;, Uy2), with corresponding threshold devices.

The duration of the signals Zz; are determined by the values of the reference voltage
Ur,. Analytically this can be expressed as follows:

Zﬂ = f(U‘rl):
Zoy=Z4=fU;-U.,), (2
ZT3 :f(UT3)'

In the second case the modulator has four independent channels, each of which contains
generators of sawtooth and reference voltages with a threshold device.

ZT] :f(Url)a Zr2 :f(UT2)5 Zr3 :f(UT3)5 Zr4 :f(UT4)' (3)
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Fig. 4. Temporary diagrams of the device operation number-pulse regulation of reverse chamber with
independent regulation.

3 Conclusion

Thus, the considered basic functions of the control system of CPC can be used at practical
design of valve converters with a natural current characteristic for the most energy-
intensive consumers, which allows to improve the quality of electric power and reduce the
negative impact of non-linear load on the electric network.
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