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Annotation. The article discusses the creation of algorithmic structures and the development of digital control
systems for electric drives of mine-lifting machines, provides some concepts for creating digital control systems using
thyristor converters. The analysis of the static volt-ampere characteristics of the thyristor is given, some calculations of the
circuits and circuits of the thyristor converter (TP) corresponding to the different modes of operation of the TP are given,
and also, based on the synthesis of the dynamic properties and characteristics of the thyristor, an algorithmic structure of
the model of the thyristor converter is proposed.

Keywords. Thyristor converter,volt-ampere characteristic, dynamic characteristics, algorithmic structure, two-
circuit regulation, digital control system,control object, nonlinear component element, models of thyristor converter.

Annomavua: Lllaxma 1ok Kymapuw MAUWUHARAPY DTIEKMP I0PUMMATAPYU PAKAMAU OOUKAPUL MUSUMAADUHY UULA0
YUKUWL 84 ANROPUMMUK CMPYKMYPANApuHU my3uwl ycyanapu Kypub uuxuneau.Tupucmopiu y32apmxudiapru Kyanaul
acocuoa pakamau 60wKapuws MUUMIGPUHUHY MY3ULHUHS OUp KaHYa MAMOUUIIapu Keamupuneat. Tupucmoprumne cmamux
8016 M-amnep mascudu maxiun KUIUHeaH, Mupucmopau y32apmruiiap 3aHICUPIAPUHUHE MYPIU UUL PEHCUMAAPUSA MOC
Kenyguu Oup Kanua Xucooaapu KeamupuieaH, WyHUH20ex, MUpucmopHune OUHAMUK XOCCACU 84 MABCUDIapuHy CUHMe3Na
acocuda mupucmopiu Y32apmKuiHHe MOOEIUHU ANOPUMMUK CIMPYKIYPACU MAKIUGD SMUIean

Tasanuy cyznap: mupucmopnu y32apmkuy, 601bm-amnep mascugu, Oupamux mascuguap, areopummux Cmpykmypda,
UKKU KOHMYPAU POCTAAUL, PAKAMAU OOWKAPULL MUUMU, COumKaput 00beKmu, Mupucmopau y32apmxuy Mooeu.

Annomayus. Paccmampwisaromesi 60npocsl cO30aHUA AN2OPUMMULECKUX CIPYKMYD U paspabomru yu@dpoewix
cucmem YNpagneHus INeKmponpugooamu Uaxmo-noObeMHbIX MAWUH, NPUGOOAMCS HEKOMOpble KOHYenyuu CcOo30anus
YupposuIx cucmem Ynpagnenus ¢ npumeHnenuem MmupucmopHbix npeobpaszosamenei. Bvinonnen ananusz CmMamuieckou
60bM-AMNEPHOU  XAPAKMEPUCIUKY MUPUCIOPA, NPUBEOEHU HEKOMOpble pacuemvl cXeMm U yenu mupucmopHo20
npebpasosamens (TIl) coomsemeemcmeayiowux pasuunvim pesxcumam pabomur TII. Ha ocnose cunmesa ounamuueckux
CBOUCME U XAPAKMEPUCMUK MUPUCMOPA NPeolazaemcs aieOpummudeckas cmpykmypa Mooeiu mupucmopHo20
npeobpazosameis.

Knrwouesvie cnosa. Tupucmopnulii npeobpasosamens, G0IbM-AMNEPHAS. XAPAKMEPUCMUKA, OUHAMUYECKUEe
Xapakmepucmuky, — areOpummudecKas — cmpykmypda, — O8YXKOHMYpPHOe  pecyiuposanue,  yugposas  cucmema
VIpasneHust,00beKm ynpasieHus,, MoOeiu mupucmopHo20 npeoopasoeamers.

Solutions to the problem of increasing the operational reliability of the electric drive system of
mining machines are developing in two main directions, the first is to improve the mechanical
transmission systems of converters, and the second is to use an automated electric drive based on digital
elastic stress control technologies without reducing the torque on the working body of the mining
machine.

In mining and technological processes for the transportation of ore in the relevant mine
directions, the main technical means are mine lifting installations.
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In turn, thyristor converters are used as the main link in the electric drive systems of mine-lifting
installations. They are the main converters of electrical energy and the required quality of control and
reliability of electric drive control depend on their dynamic parameters.

With the development of microprocessor control systems, on the basis of which pulse-phase
control systems (SIFU) of thyristor converters are implemented, it becomes possible to create new
algorithms that ensure more reliable functioning of control subsystems and at the same time allow for
operational adjustments in the diagnostics of the control system, taking into account the nonlinearities
of characteristics and their compensation in the thyristor converter itself.

Currently, in most industries, systems based on analog circuit solutions are mainly used to
control the operation of mine mechanisms in operation, which do not have sufficient noise immunity,
compared with small integrated capabilities for creating standard networks and automated production
management systems.

In the newly created systems based on digital circuitry, there are opportunities for a more
accurate implementation of structural algorithms that allows you to design the most flexible, high-
speed control systems that meet modern requirements.
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Figure. 1. Block diagram of a control system with a thyristor electric drive.

The recommended systems with dual-circuit speed control, (Fig. 2) which uses an internal circuit
for voltage, as well as an external circuit for EMF, is the most promising with the possibility of
implementing the system itself and ensuring accuracy despite the need to create an additional external
circuit to limit current emissions. To ensure the stability of the control system in such systems to various
changes in the parameters of the electric drive, it is necessary to properly organize the implementation

of the EMF sensor.
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Figure. 2. Structural and algorithmic scheme of two-circuit regulation with a thyristor converter.

In modern electric drives with digital control systems, it becomes possible to implement
software-algorithmic pulse-phase control systems, in which all functions of regulators are performed on
the basis of microprocessors.

In these digital systems, the z-transformation is used to describe the real properties of objects
[2,9].

Then, using the lattice function y[k] to describe the properties of this system using the Z-

transformation, you can write in the following expressions:

Z[ylkl] = Y(2) = Zi_o 2 *y[k]; 1)
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Z7Y(@)] = ylk] = .- 2V (2)dz. )
Note also that the Laplace transform for the described system is appropriate using the expression:
Lly®] = [, e™* y (Odt. ©)

In order to proceed to delta transformations in the descriptions, it is necessary to keep a discrete
time value tk = KA and, accordingly, we have,
et =1+ yA = k4,
D[y(kA)] = Ys(¥) = Xio(1 + yA)*y(kA)A, (4)
DT [Ys(N)] = y (ki) = 7= $(1 +yA)* Ys(n)dy (5)
Bearing in mind that the delta transformation and the z-transformation used in our system are
related by the following relation,

V() = 8Y(2)|,_y (6)
Yo(@) = 35V, 21 7)

Note that the main properties of delta transformations are that they are similar to Laplace
transformations only for values 4 — 0:
limg_,oYs(y) = Y(S)|s=y- 8
For an analytical description of the thyristor converter as an object of control and synthesis of
the proposed structure of the system, it is necessary first of all to analyze the properties of the thyristor
converter.
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Figure. 3. Graph of the volt-ampere characteristic of the thyristor.

The volt-ampere characteristic of the thyristor in question, shown in Fig. 3, can be represented
as a non-linearly varying active resistance,

Rys = f(UVS(t)): Iys(t), iys(t), i, (), t,5). )

Applying approximation methods, it is possible to characterize the operation of the thyristor
corresponding to different modes. Neglecting the switching time of the thyristor, small changes in the
capacitance and inductance parameters that occur in the crystal structure of the semiconductor, as well
as some of the plot shown in the VAC graph, for example: a —b, a — fand d — e can be taken as linear.
At the same time, given that the control current changes discretely and the numerical value of which is
compared to the rectification current ly,c.:

The various modes of operation of the thyristor are controlled by the corresponding pulses, for
example, to switch to the on state with the input of the on current lon, the reverse switching to the off
state occurs by the absence of a holding current |, [3]. The corresponding formulas for these processes
can be described in the following expressions:

R(toff imp) = Rat toff imp,if ivs > 0 # (Uys Reose < Ivs < lonJand S =0, (10)
Ra-d=Ron, ifUys=0uS=0u(iy=1,.), (11)
here R1 is the tuning coefficient, which depends on the design of the thyristor and determines the change
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in active resistance; Ron — the specific value of the active resistance of the thyristor in the on mode; t —
cycle time; toff imp— the value of the shutdown time interval.
Thus, the algorithmic model of the thyristor circuit can be formulated by the following relations:
Ra—f = Repser if iys < 0or Uys <0,
{Ra—b = Reioser Uf Uys Z0uS =0andiy =0wuiys < Uys/Reose,
Rys = Ra-e = Ropen, if Uys 20 lys > g and S =1, (12)
Racg =Ron, if Uys=0uS=0uiy=1,,,
R(toff L'mp) = thoff imp if iVS > 0and (UVS/Rclose < iVS < Ion)and $=0.
Then, the expression defining the thyristor states can be represented by
0, if Uys < 0oriys <l
S = {1, if Uys = 0and iys < Iy, (13)
S, in all other cases,
Noting that the proportionality coefficient R1 depends on the structural elements of the thyristor.
According to the one-half-period rectification scheme, the model for a single thyristor can be

represented as in Figure 8.
Lm Rm ‘\Q]( |-H RH
W Y T

Figure. 4. Equivalent circuit diagram of a single-phase single-half-period thyristor rectifier.

The following expression corresponds to the calculation scheme
di .
(Lr + LH)d_; + [Rr + Rys + Ryli = er(t), (14)
Assuming that the thyristor model consists of a set of three structural composite models: a model
corresponding to the load described by equation (14), a model corresponding to the dynamic state of

the thyristor described by a system of equations (12) and a model of nonlinear components of the
element described by a system of equations (13) and it is possible to represent the structure of a thyristor

converter.
Rn l l R,

e The model corresponds [
—®] to active and inductive >
load TP
RVS
Imp
—> A switching dynamic model with nonlinear components
S

Dynamic state model

Figure 5. Structural components of the thyristor model.

In Fig. 5: eT is the EMF value in the transformer circuit, Imp is the supplied control pulse, which
is generated by the control system.
The generated control pulse signal is expressed with the following ratio.
Y Imp = f ¥ (Imp) = UUmp; = 1NImp;,, = 0). (15)
The signal coming from the voltage switch can be represented as an equation
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—Ucy, if Imp x,=1,
—Ugq, if Imp =1,

e if a1, (16)
Uca, if Imp #5=1,

—Ugc, if Imp *¢= 1,
here Uag, Uca, Usc — sinusoidal supply voltages of the three component circuits of the thyristor
converter.

The functions and direction of the reverse are carried out by the bridge selection unit in

accordance with the signal from the logic device

[UAB, if Imp =1,

Ug *= fU(UAB,UCA' UBC'%) =

Ug % if TMy = 1,TM, = 0;
Uy = fyu(Ug *, TM;, TM,) = {— Uy *if TM; = 0,TM, = 1; 17)
0,if TM, = 0,TM, = 0;

TM1, TM?2 — control logic signals for direction selection.

From the system of equations (17), it is possible to calculate the differential ratio describing the
active and inductive load TP:

S =2(=(R+Ry)i+ Uy — E), (22)
here E is a parameter defined as the counter-EMF of the load.

By solving the differential equation (22) at zero initial values corresponding to the interval under
consideration, it is possible to determine the real value of the load current of the thyristor converter:

i =f,(Ug,Ry,R,L,E). (23)

Using system expressions (14), (15) and expressions (19)-(23), it is possible to construct the
structure of the thyristor converter model in the form shown in Figure 6.

The following signals are marked in the given structure: Imp — generated control pulses coming
from the pulse-phase control system (PPCS); Imp* — control pairs of pulses from the memory block that
are used for switching dedicated line voltage pairs; ZImp — the required total control pulse, for the bridge
selection unit performing reverse control; XImp* — a set of pulses that determine the operating modes
of the thyristor bridge.

U TR

AB
U Voltage u* B”dge U, Active inductive
BC switch f Ll Selection load TP f >
v Block fM
UCA
Y
RVS
Imp* o -
> Switching structure with
Imp Memory of pairs Zimp non-linear part R
/ p| of control pulses
f f Simp*
p' oz
S
thyristor states S

Figure. 6. Algorithmic structure of the thyristor converter model.

The switch generates a signal in the form of voltage Ud*, determined in accordance with
expression (20), with the arrival of a signal Imp*. The bridge selection unit performs the reset function,
or performs signal reversal Ud* according to the mode of operation of the converter. Received voltage
signal Ud, it is fed into the next thyristor unit — the active-inductive load unit, which accordingly
generates a signal that subsequently determines the state of the thyristor.
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Thus, the obtained algorithmic structural model of the thyristor converter determines all the
necessary calculated nonlinear dynamic characteristics of the thyristor and makes it possible to describe
the basic properties of thyristor converters corresponding to the three operating modes:

-continuous current mode in the converter circuit;

- the mode corresponding to the intermittent current in the circuit;

-mode, the absence of current when the converter circuit is dominated by a large inductance and
locking of the thyristor.
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