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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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DEVELOPMENT OF A VARIABLE-STRUCTURE  
CONTROL SYSTEM FOR SERVO DRIVE  

OF SOLAR PHOTOVOLTAIC PLANT 
 

Abstract. The dynamic properties of servo drive of solar photovoltaic plant are investigated in the article. 
Mathematical models for a single-circuit servo drive of solar photovoltaic plant have been developed.The variable 
structure system for the servo drivehas been developed, whichimproves the qualitative characteristics of the transient 
processes in servo driveand leads to a decrease in the sensitivity of the control system to a change in its parameters.A 
schematic diagram of the model is made in MATLABsoftware. 

Key words: Servo drive, mathematical model, solar photovoltaic plant, single-circuitsystem, MATLABsoft-
ware. 

 
I. Introduction. One of the most important ways to improve the efficiency of solar power plants is to 

optimize the servo drives, operating in a continuous mode oftrackingforthe Sun, by energy indicators                      
[1-4]. 

The analysis of energy indicators of various motors and power losses, depending on the generalized 
parameters of the electric drive, made it possible to determine the electric drives most adapted to the 
system load [5-7]. However, the electric drive control system does not provide the appropriate accuracy 
and quality of transient processes of the servo drives. In addition, it should be pointed out that the 
technical implementation of the servo drive control systems causes certain difficulties [8, 9]. 

The main disturbing effects on the solar plant drive were considered in works of scientists Ovsyan-
nikov E.M. and Sorokin G.A. [8, 10]. But they did not consider in their works the matter related to the 
accuracy, speed of electric drive output coordinatedevelopment, and the effect of parameter changes on 
the transient processes of this electric drive. 

Moreover, it should be noted that this servo drive of solar photovoltaic plant (SD SPVS) system does 
not take into account the decrease in the control system sensitivity to a change in its parameters in order to 
stabilize the system [11].  

Purpose of this paper is to improve the energy indicators of servo drive, create a variable-structure 
control system that provides insensitivity to changes in control system parameters and reduces the 
electricity consumption for compensationof the disturbing effects. 

Methods. To solve the tasks, the methods of mathematical analysis, theories of automatic control, 
mathematical and computer modeling were used. 

II. Main body. The functional diagram (figure 1) is represented as a linearized schematic diagram, 
since the kinematic circuit of the servo drive of solarphotovoltaic station (SDSPVP) is a nonlinear element 
with a dead band. 

Based on the transfer functions of the structural diagram (figure 1), the following differential equa-
tions can be written in the increments. 
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Figure 1 – SPVS SD schematic diagram 
 

Technical and design parameters were used for МE215DC motor with the following parameters: 
Magnet base - 4; 
Purpose - antenna drive; 
U Voltage - 12 V; 
Power - 30 W; 
Rotational speed - 2000 (rpm); 
Weight - 1.4 kg. 
For a DC motor with independent excitation (according to transfer functions), we represent two 

differential equations with well-known accepted assumptions [12]: 

УM МIkJ 


dt

d ДВ
,                                                        (1) 

where Δωдв – armature speed; ΔI – armature current; yM  – load torque increment; J – moment of 

inertia; Mk  – coefficient of proportionality between the motor torque and armature current and the 
equation of electromotive force(emf) in the armature circuit.  

,)(
dt

d
IcUk

I
Т ПЯЯ 

 
                                                  

(2) 

where ΔU – voltage increment at converter output; ТЯ – armature electromagnetic constant; яk – 

coefficient ( яk = яr/1 ); яr  – resistance of the motor armature circuit; с – coefficient of proportionality 

between emfand .  
Differential equation of the voltage converter will be as follows: 

ИВб01бзадб0 KKK
dt

d
T 


ПMПП

П KTKK
U  ,                              (3) 

where Kп – converter transfer coefficient; Kб – amplification coefficient; Т01 – time constant of the 
compensating element; Θзад – preset angle of rotation of solar plant servo drive; Θив – angle of actuator 
shaft. 

In turn, the angle derivative (Θив) of the actuator shaft can be represented by the equation 

ИВ
ИВ

dt

d



 ,                                                                   (4) 

where Δωив – actuator shaft angular speed increment. 
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Differential equation for ωив will be as follows: 

ВУИВТРВ
ИВ

ИВ ММ
dt

d
T 




 ,                                          (5) 

where ΔМУ – rotation angle moment increment; ΔМВ – shaft rotation moment increment; ВТР.  – 

shaftfriction coefficient; ТИВ – time constant. 
The differential equation of ΔМУmoment taking into account the harmonic linearization for the 

actuating link with deadband [13, 14] and taking into account the coefficient СК.Цwill be as follows: 

dt
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where СК.Ц – elasticity coefficient. 
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Thus, the system of linearized differential equations describing the processdynamicsin the solar plant 
servo drive will beasfollows [7]: 
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Based on the set of equations (7), a model is developed. The same schematic diagram of the model is 
shown in figure 2 as provided in MATLABsoftware.  

 
Figure 2 – Schematic diagram of SD SPVPmodel in MATLAB 
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The oscillogram )(t obtained as a result of modelling is shown in figure 3. 
 

 
 

Figure 3 – Transient process of the angle ofrotation between reference and maintenance axesof actuator shift 
 

As can be seen from figure 3, the overshoot value is 60%, the control time is 6s, and the number of 
oscillations is 3 that do not meet our requirements for accuracy and speed. 

In this regard, a variable-structure system [11] was developed based on the single-circuit SDSPVP, 
which makes it possible to improve the quality of the transient processes and reduce the system sensitivity 
to changes in its parameters.Before considering the schematic diagram of a solar plant servo drive with a 
variable structure, let'sconsider the functional diagram in figure 4. 

It should be noted that the functional scheme of SDSPVPin the variable-structure system (VSS)uses a 
relay element and a signalcomparison element by current and angular velocity rpm [17, 18]. 

Increase inaccuracy of tracking and quality of the transient processes intheservo drives (SD) of solar 
photovoltaic plant(SPVP)is one of the main tasks for designing a control system for this plant. 

Figure 1 shows a schematic diagram of a single-circuit SDSPVP where DC motor, Wk – compen-
sating element, M – motor torque and armature rotational speed. 

This diagram ofSDSPVPuses a proportional-integral-differential control law to compensate external 
disturbances for the accuracy of task development. 

 
Figure 4 – Schematic diagram of single-circuit SDSPVS with VSS 
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However, this does not take into account the quality and sensitivity of the control system to chan-
gesinits parameters in order to stabilize the system. In this regard, based on the SDSPVPabove, a variable-
structure system (VSS) is used, which makes it possible to improve the quality and sensitivity of the 
system. 

The schematic diagram of single-circuit SDSPVPwith VSSis shown in figure 4. 
The schematic diagram of SD SPVPmodel with VSSin MATLAB is shown in figure 5. 
 

 
 

Figure 5 – Schematic diagram of SD SPVPmodel with VSS InMATLAB 
 

The schematic diagram of VSS in figure 5 is represented by transfer functions of motor, gearbox and 
PIDelement (proportional-integral-differentiating element), two blocks of multiplication and three 
nonlinearities. 

VSS operates according to the following principle: at some time, the feedback links are turned on in 
turn, and, therefore, the time of transient processes, overshoot value and number of oscillations reduce. 

As a result of modelling, a transient process of the angle of rotation between reference and deve-
loping axes of SD SPVP model with VSShas been obtained. 

As can be seen from figure 5, the overshoot value is zero, number of oscillations is zero, control time 
is 4s. Comparing the obtained curve of the transient process (figure 6) with the curve of the transient  

 

 
 

Figure 6 – Curve of transient process of the angle of rotation betweenreference and developing axes of SD SPVP with VSS 
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process in figures 7 and 6, we note that the qualitative characteristics of the transient process in figure 7 
are much better than at the figuresabove. It should be noted that the obtained curve of the transient process 
in figure 7 coincides with the experimental one within 5%.  

As a result of VSSapplication, we were able to ensure a minimum effect of disturbing effects on SD 
SPVP, improve the quality and reduce the sensitivity to changes in its parameters [17, 18]. 

 

 
 

Figure 7 – Curve of transient process: 1 - experimental curve, 2 - curve obtained in the model 
 

As a result, energy is spent less forcompensationof disturbing effects, i.e.the drive becomesoperating 
in the energy-saving mode [19, 20]. 

Comparing the nature of the transient processes in SD SPVPmodel (figure 3), it can be noted that the 
qualitative characteristics of transient processes of the armature rotation speed and the motor torque in SD 
SPVPwith VSS are much better, as the amplitude of their oscillation and the control time reduce. This 
circumstance makes it possible to significantly improve the tracking accuracy and quality of the transient 
processes in the servo drive of solar photovoltaic plant.  

Conclusions. 
1. Mathematical models for single-circuit SD SPVP have been developed. 
2. Thevariable-structure system for servo drivehas been developed that improves the qualitative 

characteristics of SD transient processes and leads to a reduce in the control system sensitivity to changes 
in its parameters. 

3. The variable-structure system provides high speed in development of preset angle of rotation of SD 
SPVP. As a result, less energy is spenton compensation of the disturbing effects, and the drive becomes 
operating in the energy-saving mode. 

4. The modelled and experimental curves of transient process of the angle of rotation between the 
reference and developing axis of SD SPVP with VSShave been obtained. 
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Аннотация. Мақалада күн фотоэлектр станциясының бағушы электржетегінің динамикалық қасиеттері 

зерттелген. Күн фотоэлектр станциясының бір контурлы бағушы электржетегінің математикалық үлгілері 
əзірленген. Қадағалаушы электржетегінің құрылымы айнымалы жүйесі əзірленді, ол ЭҚЖ ауыспалы процес-
терінің сапалық сипаттамаларын арттырады жəне басқару жүйесінің оның параметрлерінің өзгеруіне қатысты 
сезімталдығының төмендеуіне əкеледі. MATLAB программасында үлгінің құрылымдық сұлбасы əзірленді.  
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РАЗРАБОТКА СИСТЕМЫ УПРАВЛЕНИЯ С ПЕРЕМЕННОЙ СТРУКТУРОЙ  
СЛЕДЯЩЕГО ЭЛЕКТРОПРИВОДА СОЛНЕЧНОЙ ФОТОЭЛЕКТРИЧЕСКОЙ СТАНЦИИ 

 

Аннотация. В статье исследуются динамические свойства следящего электропривода солнечной фото-
электрической станции. Разработаны математические модели для одноконтурного следящего электропривода 
солнечной фотоэлектрической станции. Разработана система с переменной структурой следящего электро-
привода, которая повышает качественные характеристики переходных процессов СЭП и приводит к умень-
шению чувствительности системы управления к изменению её параметров. Построена структурная схема 
модели в программе MATLAB.  

Ключевые слова: следящий электропривод, математическая модель, солнечная фотоэлектрическая 
станция, одноконтурная система, программе MATLAB. 
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