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The article is dedicated to a simulation model of a wind/solar power plant. A variable speed diesel genera-
tor set is used as a backup energy source. A matrix frequency converter is used to control frequency of the gene-
rated voltage. The simulation model is implemented in the MATLAB Simulink environment. Oscillograms of cur-
rents and voltages are obtained when the model operates with an active inductive electrical load with the varia-
ble load value in the 10004000 VA range. During operation with a rated power load, the deviation of the line
voltage parameters lies within the normal range (load voltage drop does not exceed 4% of the nominal value, to-
tal harmonic distortion does not exceed 2% in the 0-2000 Hz range). The constructed model can be used in
the design of energy facilities, as well as in the development and testing of algorithms for control and monitoring

systems.
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Introduction

Nowadays the world electricity sector is boosting
power of the units, using renewable energy sources.
Crucial factors stimulating renewable power genera-
tion development in different countries are: continu-
ously evolving technologies enhancing the units’ envi-
ronmental safety based on renewable energy sources,
absence of pollutant and greenhouse gas emissions,
energy independence from geopolitical environment
affecting fossil fuels supply.

Among renewable energy sources, solar radiation
and wind are most widely used. However, these ener-
gy sources are unstable which is a serious drawback
hindering their widespread use and making it neces-
sary to employ emergency auxiliary energy sources,
such as petrol or diesel generators.

Today different generating units’ structures have
been proposed, using wind power, solar radiation and
hydrocarbon fuel in various combinations [1-5]. Simu-
lation models also have been described [6-9]. However,
today the issue of creating an energy complex struc-
ture using renewable energy sources has no unique
technical solution. This is explained by all the existing
energy unit circuits having their own advantages and
disadvantages as well as by continuous progress and
sophistication of tool and mechanical engineering.

It is noteworthy that in a great number of diesel
generator units the shaft speed remains constant re-
gardless of electric load rate. Current research shows
that constant shaft speed engine operation at a chang-
ing load rate leads to the power unit increased me-

chanical wear and higher fuel consumption, therefore
variable speed diesel generator units are of interest
for both researchers [10-14] and research and pro-
duction enterprises (Fubag, Honda, Kipor, VNIIE,
Sigma PLC (Kovrov), Zvezda PLC (St.Petersburg),
VGUVT (N. Novgorod) etc.).

Frequency converter is necessary to keep con-
stant frequency output voltage of a generator unit
while adjusting the engine shaft speed. There are die-
sel generator unit circuits in which DC link frequency
converters are used. However, converters of this topo-
logy have such downsides as loss of efficiency due to
twofold energy conversion and loss in reliability due to
DC link components’ ageing and failure. These down-
sides are not characteristic of direct-coupled frequency
converters, matrix topology converters representing
perspectives for their development. They comprise nine
bilateral switches allowing to connect each supply net-
work phase to each load phase. This technical solution
provides high electromagnetic compatibility while en-
hancing the converter’s efficiency and reliability.

Research methods

When designing power units, a crucial task is to
develop automatic control systems providing the com-
plex’s efficient and safe operation. Creating such con-
trol systems needs simulation models to develop and
test algorithms, as well as to study processes taking
place when the energy complex is operated in diffe-
rent modes including the emergency ones posing
threats to the equipment and personnel. Therefore,
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simulation modelling was chosen as a research me-
thod in MATLAB Simulink environment. Fig. 1 shows
the simulation model flow chart.

Simulation model comprises a solar energy con-
verter, a wind energy converter, a diesel generator
unit, a three-phase active-inductive electric load (no-
minal linear voltage RMS 380 V, 50 Hz). Energy con-
verters are multiplexed by an AC bus. Solar energy
converter comprises a photovoltaic panel simulator, a

three-phase bridge voltage invertor with output LC
filter and a step-up transformer. Photovoltaic panel
simulator consists of controllable voltage source with
controlled internal resistance allowing to simulate
changing solar radiation density. Wind energy con-
verter consists of a wind turbine simulator, synchro-
nous generator and matrix frequency converter with
output LC filter compensating voltage output frequen-
cy fluctuations at the wind speed change. Wind tur-
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Fig. 1. The simulation model flow chart: PPS — photovoltaic panel simula-

tor; VI — voltage invertor; OF — output filter; ST — step-up transformer;

WTS -wind turbine simulator; SG — synchronous generator; MFC — matrix
frequency converter; DES — diesel engine simulator; EL — electric load
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Fig. 2. Matrix frequency converter control system with space vector modulation
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Fig. 3. Diesel engine simplified model
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bine simulator produces a synchronous generator shaft
speed signal according to the preset schedule of wind
speed change. Matrix converter is realized according
to a three phase-to-three-phase bridge circuit with
space vector modulation under the principle of
D. Casadei, G. Grandi, G. Serra, A. Tani [15]. The con-
trol system under this principle is shown in Fig. 2.
Compared to the other well-known control technology
by P.D. Ziogas, S.I. Khan, and M.H. Rashid [16, 17],
this control technology has shown higher electromag-
netic compatibility indices and voltage transfer ratio.
The system comprises s-function units, per-
forming the following operations: input current and
voltage parameter lock, detection and location of input
current and voltage vectors relative position, calcula-
tion of the required on-state relative durations corre-

sponding to matrix converter switch combination,
producing control signals for matrix converter switches.

Diesel generator unit consists of a simplified
model of diesel engine, a synchronous generator, ma-
trix frequency converter with output LC filter. Diesel
engine block model structure is shown in Fig. 3.

Diesel engine block model produces a synchro-
nous generator shaft speed signal basing on electric
power signal generated by synchronous generator and
a fuel-control unit signal, set in relative units. To speed
up the modelling process linear approximation of two
diesel engine mechanical characteristics is used in
the model — to provide generator operation at the nomi-
nal rated electric load and idle operation.

The model structure in MATLAB Simulink envi-
ronment is shown in Fig. 4.
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Fig. 4. Model structure in MATLAB Simulink environment
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Research results

In the modelling process the unit operation with
step-like electric power increase and sequential bring-
ing into operation energy converters is considered.

Time sequence of the model state change during
the modelling period:

— 0 s — start of modelling, wind energy converter
in operation, load power 1000 VA, cos¢ 0,95;

—0,1 s — load power increase of up to 2000 VA,
cos¢ 0,95;

—0,2 s — bringing into operation solar power
converter;

—0,3 s — load power increase of up to 4000 VA,
cosp 0,95; preparing to bring into operation diesel
generator unit;

— 0,4 s — bringing into operation diesel generator
unit.

Load current and load voltage oscillograms are
shown in Fig. 5.

On the first time interval wind energy converter
is employed. When connecting load with the power

corresponding to wind energy converter 1000 VA
nominal power, load voltage decrease does not exceed
4% of the nominal level 380 V RMS, while linear load
voltage THD (Total harmonic distortion) does not
exceed 2%. Herewith, it is possible to conclude that at
the model preset parameters with electric load power
not exceeding 1000 VA, it is possible to provide
the electric power quality required parameters solely by
one of renewable energy sources, the auxiliary energy
source — diesel generator unit — being unnecessary.

On the second time interval at 0,1 s load power is
increased up to 2000 VA, leading to 9% load voltage
decrease of the nominal level. An extra energy source
is necessary to restore the electric supply quality.

On the third time interval at 0,2 s solar energy
converter is brought into operation simultaneously
with wind energy converter. At this, load voltage am-
plitude is restored to its initial value.

On the fourth time interval load power is in-
creased up to 4000 VA at 0,3 s, resulting in 10,3%
load voltage decrease of the nominal level. In this
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Fig. 5. Modelling-obtained oscillograms: a — linear load voltage; b — load phase current; c — electric load value
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case, when the connected load power exceeds renewa-
ble energy sources nominal power, or in case of insuf-
ficient capacity of renewable energy sources it is nec-
essary to employ an auxiliary energy source — diesel
generator unit.

On the fifth time interval at 0,4 s diesel generator
unit is simultaneously connected. At this, load voltage
amplitude is restored to its initial value, deviation
from the nominal level not exceeding 4%.

Conclusion

The article shows simulation modelling results of
an electric power plant with combined wind-solar-
diesel power generation. The modelling has been
accomplished in MATLAB Simulink environment at
the electric load power step change within the range of
10004000 VA, cose 0,95 and 50 Hz load voltage
frequency. Current and voltage oscillograms have
been obtained and load voltage THD has been deter-
mined. With the load value change in the given range,
short-time voltage fall during the transition process

does not exceed 10,3% of the nominal voltage value.
In static operation mode load voltage parameters are
maintained on the preset level. The simulation model
allows to reproduce the processes taking place at the
following parameter change: wind speed, solar radia-
tion intensity, adjustment to the converters’ output
voltage frequency and amplitude, diesel engine shaft
speed, electric load parameters. Matrix frequency
converter with space vector control algorithm, which
is employed in the model, allows to control diesel
generator shaft speed at the electric load intensity
change in order to select engine operation economy
mode and to save fuel. However, despite the matrix
topology having certain advantages, small value of
voltage transfer ratio remains a serious drawback re-
quiring further analysis of matrix frequency converter
practicability in each case. The created simulation
model can be used for designing renewable energy
objects and testing control systems algorithms as well
as researching energy complex static and dynamic
operation modes.
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UMNUTALMOHHASA MOAESIb
KOMBMHUPOBAHHOMU 3JIEKTPOCTAHLUUUN

[.M. KouezaHoe', A.B. Cepebpsikos’, A.B. [lapbeHkoe’, A.C. Cmeknoe?

" Huxezopodckuli 20cydapcmeeHHbIl mexHudeckull yHusepcumem um. P.E. Anexceesa,
2. HuxHuti Hoszopod, Poccus,
2 AO «OnbimHoe KOHCmPYKMOopcKoe 610po MawuHOCmpoeHust uM. M.W. AgppukaHmosa,
2. HuxHut Hoseopod, Poccus

B craTbe omuchIBacTCS MMHTALMOHHAS MOJIENb BETPO-COHEUHOMN 3JIEKTPOCTAHIUH C HCIOJIb30BAHHEM B
KauecTBE PEe3EPBHOI0 MCTOYHUKA YHEPTHMHU JHU3ENIb-TeHEPaTOPHOH YCTaHOBKHM C M3MEHSEMOW 4acTOTOM Bparie-
HUS Bana. [y peryaupoBaHus 9acTOTHl TeHEPHPYEMOTO HaIpsHKEHHST IPUMEHSIETCSl MaTpUIHBIH ITpeobpa3oBa-
TeNb 9acTOTHI. MIMuTanmmonHas Mozens peanmnzoBana B cpeae MATLAB Simulink. [Ipu pabote mMuTannoHHOH
MOJIETTH C AKTHBHO-WHAYKTUBHOM 3JIEKTPHIECKON HArpy3KOH C MOIIHOCTBIO, M3MEHSIONIEHCS B IHala3oHe
10004000 BA, momy4eHBl OCIHIJUIOTPaMMBI TOKOB B HampsbkeHuid. [Ipu paboTe ¢ HOMHHAIBHONW MOIIHOCTBHIO
Harpy3Kd OTKJIOHEHHE ITapaMeTPOB CETEBOT0 HANPSDKEHHS HE MPEBHIIIACT YCTAHOBICHHBIX HOPM (TIaJieHHe Ha-
NpsDKEHUS Ha Harpy3ke He mpesblmaeT 4 % OT HOMHHAIIBHOTO 3HAUSHUs], CyMMapHbIi K03)(OUINEHT rapMOHHU-
YeCKUX UCKakeHHi He mpesbimaet 2 % B auanaszone 0-2000 I'u). [locTpoeHHas MoJeab MOXKET OBITH UCIIONb-
30BaHa NP MPOEKTHUPOBAHUH OOBEKTOB 3JIEKTPOIHEPIeTHKH, a TakkKe MPU pa3paboTKe M TECTHPOBAHHHU ajro-
PHUTMOB CHCTEM YIPABJICHHUS © MOHUTOPUHTA.

Kniouesvie cnosa: 60300n08151eMble UCTHOYHUKU DHEPSUU, UMUMAYUOHHOE MOOEIUPOSAHUe, MAMPUUHBL
npeobpasosamens 4acmomoi.
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