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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 MATL ABsoftware.

Key words: Servo drive, mathematical model, solar photovoltaic plant, single-circuitsystem, MATLABsoft-
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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 ME215DC 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]:

dAw
dt

where Aoy, — armature speed; Al — armature current; AM | — load torque increment; J — moment of

J P — kAl - AM,, (1)

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

dAI
I, — =k, (AU, —cAw) -1, 2)

dt
where AU - voltage increment at converter output; Ty — armature electromagnetic constant; k-
coefficient (k, =1/r, ), r, — resistance of the motor armature circuit; ¢ — coefficient of proportionality

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

dAU
TO dt w= KHK6A®3aJ1 _KHKGZZHA@M _KHK6A®HB’ (3)

where K, — converter transfer coefficient; K5 — amplification coefficient; Ty; — time constant of the
compensating element; ©,,;, — preset angle of rotation of solar plant servo drive; @, — angle of actuator
shaft.

In turn, the angle derivative (0,;) of the actuator shaft can be represented by the equation

dA®

where Aw,, — actuator shaft angular speed increment.

“4)
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Differential equation for m,, will be as follows:
dAw

UB

+ B A0, =AM, + AM - %)

where AMy - rotation angle moment increment; AMp — shaft rotation moment increment; [, -

shaftfriction coefficient; Typ — time constant.
The differential equation of AMymoment taking into account the harmonic linearization for the
actuating link with deadband [13, 14] and taking into account the coefficient Cy will be as follows:

dAM dA
=L = Coy - qla)(, M+ A0 ). ©)

where Cy 1y — elasticity coefficient.

dAw

+Aw ) - (T,
2

qla)=Fk- 2—k(arcsin(é) + Ld 1- b—) .
T a a a

Thus, the system of lincarized differential equations describing the processdynamicsin the solar plant
servo drive will beasfollows [7]:

dA
Omw _Lavi—Lang,
dt J J
dA[_ﬁ:k_ﬂAUH_kﬁke —LN;;:
e T, T, T
A K, K 1,K,K K, K
d UH — "0 A®3aﬂ 01"/ 06 A e H—6A®HB, (7)
dt 1, o o
d
oo,
dAa)HB :L(AMS,-FAMB)—ﬁTP'B Aa)HB )
dt 1 1T,
dAM,

dAw dAw
dt = CK.U -q(a)((T, TDB +Aw) = (71 TM +Awp)) .

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.
L]

Scope

h 2

Gain

0.1*'4

22 1
FID - +
i 0.02ds+1 = 0.28:

Gaingd FIl Controller Gain Transfer Fent Transter Fen

Integrator Transfer Fond Gaine [ead Zone h 4

0.35+1
'1_ | 25 | 12 Transfar Fen3
i ot -
= 0.0Zs+1 + 2
C

Constant anstant

Figure 2 — Schematic diagram of SD SPVPmodel in MATLAB
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The oscillogram &(7) obtained as a result of modelling is shown in figure 3.
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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, Wy — compen-
sating element, M — motor torque and armature rotational speed.

This diagram of SDSPVPuses a proportional-integral-differential control law to compensate external
disturbances for the accuracy of task development.
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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 3.
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Figure 5 — Schematic diagram of SD SPVPmodel with VSS InMATLAB
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The schematic diagram of VSS in figure 5 is represented by transfer functions of motor, gearbox and
PIDeclement (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].
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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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KYH ®OTOJJIEKTP CTAHITUACBIHBIH BAFYIIBI 3JTEKTPIKETEI'THIH
KYPbBLIBIMbI AUHBIMAJIBI BACKAPY KYUECIH 93IPJIEY

Annotamus, Makanaga KyH (POTOICKTP CTAHUHACHIHBIH OaFyIIbl ICKTPKCTCTiHIH THHAMHKATIBIK KACHCTTEPl
3eprresreH. KyH (OTO3IEKTp CTAHIMACHIHBIH Oip KOHTYPIIBI OaryImbl 3JIECKTPXKETETIHIH MATEMATHKAIBIK YITLIEpi
a3ipmeHTeH. Kamaramaymmsl 3eKTpKeTCTiHIH KYPBLTBIMBI aifHBIMAITBI KyHeci o3ipacHai, oa KK aysicmansl mpomec-
TEPIHIH CaNaIbIK CHNATTAMAIAPBIH APTTHIPAIBI JKOHE OAaCKapy KYHECIHIH OHBIH MApaMETPICPIHIH 63TrepyiHE KAThICTHI
Ce3IMTaIBIFBIHBIH TOMEH EYiHe okeneni. MATL AB mporpaMMachIHia YITiHIH KYPBUTBIMBIK CYJI0ACHI 93ipIacH .

Tyiiin ce3aep: Oarymibl 3NCKTP HKETETL, MATEMATHKAJIBIK YATI, KYH (POTOICKTP CTAHIMIACHI, Oip KOHTYPIBIK
skyiie, MATLAB mporpaMmacsl.
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PA3ZPABOTKA CHCTEMbBI YIIPABJIEHUA C NEPEMEHHOM CTPYKT}TOFI
CIEJAIETO 3JEKTPOIIPUBOJA COTHEYHOU @OTOSJEKTPHUECKOU CTAHIIUHA

Annoramus. B ctathe UCCICAYIOTCS THHAMHYMCCKIC CBOMCTBA CICIAAMICTO 3ICKTPONPHBOAA COTHCYHOH (hOTO-
JNEKTPUYECKOH cTaHImH. Pa3paboTaHbl MAaTEMATHUECKHUE MOICIH JUISI OAHOKOHTYPHOTO CIESIICTO 3IEKTPOIPHBOIA
comHeHHOH (PoTormekTpracckol craHiun. Pa3paboTraHa cHCTeMa ¢ MCPEMCHHOM CTPYKTYPOH CICTAIICTO 3ICKTPO-
MPHUBOJA, KOTOPAs MOBBIIACT KAUSCTBCHHBIC XaPAKTEPUCTHKU MEpexoHbIX mpoueccoB COIl u mpuBOAMT K YMCHb-
MICHUIO YyBCTBUTEIBHOCTH CHCTCMBI YIIPABJICHUSI K M3MCHCHHIO e¢ mapaMeTpos. [locTpoeHa CTPYKTypHas cxema
Mozenu B porpamme MATLAB.

KioueBnie cioBa: ciueasMmuid 3ICKTPONPHUBOJ, MATEMATHYECKAsS MOJENb, COJNHECUHAS (DOTORNCKTPHICCKAL
CTaHIMS, OTHOKOHTYPHAs cucTeMa, mporpamme MATLAB.
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