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Abstract. Energy storage units (ESU) and distributed generation (DG) plants including those using 
renewable energy sources can be used to develop isolated power supply systems (IPSS) and enhance their 
reliability. Operation of DG plants in the IPSS requires to consider restrictions for consumers maximum 
load, as well as effects of abrupt load increase or load shedding on the generating plants. These problems 
can be resolved using ESU and intelligent technologies for DG plants control. The paper considers IPSS of 
an industrial facility with turbogenerator plants (TGP), wind power plant (WPP) and high-capacity ESU for 
which fuzzy control systems and prognostic controllers were used. The simulation was performed in the 
MATLAB system using the Simulink and SimPowerSystems software packages. Normal and emergency 
modes were studied in IPSS with TGP, WPP, and high-capacity ESU. The simulation results indicated that 
combined use of high-capacity ESU and prognostic controller of TGP generator rotor speed allows to 
ensure stability and survivability of IPSS enhancing its damping properties. The auto-prognostic controller 
of the TGP generator, which does not require special adjustment, provides high quality indicators of the 
IPSS control in all considered modes. 

1 Introduction  
A fairly large proportion of power supply systems 
operate in isolation, that is, without communication with 
a high-power electric energy system (EES). Energy 
storage units (ESU) [1–5] and distributed generation 
(DG) plants [6–8] including those using renewable 
energy sources [9-11], can be used to develop isolated 
power supply systems (IPSS) and enhance their 
reliability. When operating the DG plants in the IPSS, it 
is necessary to take into account the restrictions for 
consumers maximum load, as well as effects of IPSS 
operation dynamic changes on the generating plants. It is 
possible to smooth out and limit the possible fluctuations 
arising herewith and deviations of the controlled 
parameters by using high-power ESU and intelligent 
technologies to control DG plants [12–20]. 

As evidenced by studies, a fairly effective way to 
control DG plants based on synchronous generators is 
the use of fuzzy controllers [16,21–23] and prognostic 
algorithms [24–28], which make it possible to create 
adaptive systems. However, to implement practical 
application of such systems, laborious research is 
required using complex models, taking into account a 
large number of possible operating modes in order to 
determine their influence on the control parameters and 
quality indicators of the control process. 

The work investigated an industrial facility IPSS with 
a drive load. The following elements were used as 
sources in the considered IPSS: a turbine generator plant 
(TGP) with an auto-prognostic generator rotor speed 
controller [218], a wind power plant (WPP) with a blade 
angle fuzzy controller [23] and a storage device, the 
energy intensity and power of which is sufficient to 
cover the facility entire load for a long time. The 
simulation was performed in the MATLAB system using 
the Simulink and SimPowerSystems software packages. 
Normal and emergency operating modes in IPSS are 
studied. 

2 Description of IPSS computer model 
with DG plant and ESU  
The diagram of the industrial facility IPSS under study, 
shown in Fig. 1, consisted of a 3125 kVA TGPs, a high-
capacity (ESU) and a 1 MVA wind power plant (WPP), 
connected together with a accumulator battery (AB) 
through a DC link and 0.4/10 kV step-up transformer. 
Asynchronous motors (AM) were the main power 
consumers: two high-voltage AMs with a capacity of 
670 kW each, as well as a large number of low-voltage 
AMs which are taken into account in the model in the 
form of equivalent units with a capacity of 930 kW and 
1,485 kW, respectively, powered from different 10 kV 
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bus sections (Fig. 1). The consumers were energized by 
10 kV cable lines. 
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Fig. 1. The diagram of the industrial facility IPSS under study: 
CL – cable line. 

The IPSS model under study was created in 
MATLAB environment while using Simulink and 
SimPowerSystems simulation modeling packages. The 
model of the used TGP steam turbine was described by 
the following differential equation: 

 μT
T

T =+ P
dt
dPT  (1) 

where PT – turbine power;  – opening of a controlling 
element; TT = 0.2 s – turbine time constant. 

The TGP generator excitation system was modeled 
using the first-order aperiodic link with transfer function 

10250

1

+s.
, and a series-connected amplifier with 

transfer function 
10010

1

+s.
, where s – Laplasian 

operator. 
To stabilize the TGP generator parameters, the model 

used automatic excitation controllers (AEC) and speed 
controllers (ASC), which are proportional-integral-
differential (PID) controllers. Structural diagrams and 
the description of the used AEC and ASC models are 
presented in works [15, 16]. 

The diagram of the used Simulink-model of the auto-

prognostic ASC is provided in Fig. 2, in which the time 
constant of the prognostic link was determined 
automatically depending on the synchronous generator 
load angle  (the Forecast time unit in Fig. 2).  

The use of ESU based on high-capacity accumulator 
batteries is a promising development line for use of 
IPSS. The simulation used a model of a lithium-ion 
accumulator battery represented by the Battery unit in 
the SimPowerSystems package of the MATLAB system. 

A description of the WPP model with a fuzzy system 
to control the blades rotation angle is provided in [23]. A 
separate accumulator battery was simulated in WPP, 
when the battery was connected to the DC buses of the 
DC link, and used to stabilize the WPP parameters due 
to a change in wind speed. 

3 Simulation results 
The simulation was carried out in order to reveal the 
influence of a powerful energy storage unit and an auto-
prognostic controller of the rotor speed of the TGP main 
generator rotor on IPSS operating modes. The studies 
were carried out for the following operating modes of 
the IPSS under study with a powerful asynchronous 
load: 

- short-time three-phase short circuit (SC); 
- direct start of a powerful asynchronous motor; 
- emergency WPP shutdown.  
The initial TGP generator loading was 90%; in this 

case, the modes with permanently connected or 
disconnected ESU were considered. When simulating a 
three-phase short circuit in the place indicated in Fig. 1, 
the complete scheme of the IPSS under study was 
considered and the comparison of the work of the 
classical and auto-prognostic ASC in terms of control 
quality indicators was performed. With a short circuit in 
the IPSS, a voltage dip occurred (Fig. 3), which, was not 
influenced by the auto-prognostic ASC as the simulation 
results indicated. 
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Fig. 2. Structural diagram of the auto-prognostic ASC model: Kp, Ki, Kd – ASC tuning coefficients. 
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Fig. 3. Time dependence of the effective voltage value in the 
IPSS for a short-term (0.6 s) three-phase short circuit. 

The simulation results, presented in the form of time 
dependences of the turbine power and the generator rotor 
speed in Fig. 4, showed a significant influence of the 

auto-prognostic ASC generator of the TGP on the 
control processes at a three-phase short circuit in the 
IPSS, making the turbine control more accurate and 
smooth; at the same time, the overshoot and oscillation 
of the mechanical power of the turbine significantly 
decreased in the case of using the auto-prognostic ASC 
(Fig. 4, a), the transient process time for the generator 
rotor speed decreased by 1.8 times, and the overshoot 
value for the same parameter was reduced by 9 times  
Fig. 4, b).  

The simulation results also showed an increase in 
short-circuit currents when using all sources, including a 
high-power ESU, which significantly feeds the short-
circuit location (Fig. 5). Thus, the use of powerful ESU 

  
a) b) 

Fig. 4. Time dependences of the turbine mechanical power (a) and the TGP generator rotor rotational speed (b) at a short-term 
short-circuit in the IPSS: 1 – the classic ASC (PID controller) was used; 2 – auto-prognostic ASC was used. 

  
a) b) 

  
c) d) 

Fig. 5. Time dependences of the effective values of the source currents in the IPSS under study at a three-phase short circuit: (a) 
– current of the TGP generator; (b) – current flowing from the WPP; (c) – current from ESU; (d) – total current at the short 
circuit location. 
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in the IPSS requires checking the electric switchgear and 
revising the protection and automation setpoints. 

Additionally, a direct start-up of an equivalent 
asynchronous motor with a power of 1485 kW was 
simulated as a disturbance, as a result of which a voltage 
dip is observed, and after starting, an overvoltage is 
observed. The use of a permanently connected powerful 
ESU in IPSS makes it possible to strictly limit the 

voltage deviation (Fig. 6): voltage dip is reduced by 5 
times; there is no overvoltage when using ESU.  

The use of auto-prognostic ASC in TGP also 
provided a positive effect when starting a powerful 
equivalent AM, consisting in a reducing of oscillation 
and overshoot value for the generator rotor speed 
(Fig. 7): the degree of damping of the rotor speed 
oscillations tended to unity; the overshoot value 
decreased on average by 2.5 times. It should be noted, 

 

Fig. 6. The graph of the time dependence of the current voltage in the IPSS when starting a powerful equivalent AM: 1 – ESU is 
disabled; 2 – ESU is activated. 

  
a) b) 

Fig. 7. Time dependences of the TGP generator rotor speed when starting a powerful equivalent AM: a – complete IPSS diagram 
(ESU is activated); б – ESU is disabled; 1 – the classic ASC (PID controller) was used in TGP;  2 – TGP used auto-prognostic 
ASC. 

 

Fig. 8. The graph of the time dependence of the frequency in the IPSS when starting a powerful equivalent AM: 1 – ESU is 
activated, TGP auto-prognostic ASC was used; 2 – ESU is on, the TGP used the classic ASC (PID controller); 3 – ESU is 
disabled, the TGU used the classic ASC; 4 – ESU is disabled, TGP used auto-prognostic ASC. 
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that the use of high-power ESU and auto-prognostic 
ASC made it possible to significantly limit the deviation 
of the TGP generator rotor rotation speed: overshoot and 
oscillation were virtually absent (Fig. 7, a). Similar 
effects were observed for the network frequency as well 
(Fig. 8): the use of ESU strictly limited the frequency 
deviation; at the same time, the use of the auto-
prognostic ASC of TGP had no effect; with the ESU 
disabled, when the mode was maintained by the TGP 
and WPP, the use of the auto-prognostic ASC allowed to 
get rid of the oscillation and reduce the maximum 
frequency deviation by 3 times. 

The results of modeling the emergency shutdown of 
WPP indicated that the use of a powerful ESU in the 
IPSS made it possible to significantly limit the voltage 
deviation, the rotational speed of the TGP generator 
rotor and the network frequency (Fig. 9-11); at the same 
time, the auto-prognostic ASC completely eliminated the 
oscillation and overshoot of the generator rotor speed 
(Fig. 9).  

In the event of ESU disconnection, the auto-
prognostic ASC ensured the TGP generator stable 

operation during emergency shutdown of the WPP, as 
well as effective regulation of the rotor speed and 
frequency (Fig. 9 and 10). 

 
Fig. 11. The graph of the time dependence of the TGP 
generator voltage during emergency WPP shutdown: 1 – ESU 
is disabled; 2 – ESU is activated. 

Thus, the performed modeling of the normal and 
emergency operating modes of the IPSS with 

 

Fig. 9. The time dependences of the TGP generator rotor during emergency WPP shutdown: 1 – ESU is disabled, the TGU used 
the classic ASC; 2 – ESU is disabled, TGP used auto-prognostic ASC; 3 – ESU is on, the TGP used the classic ASC; 4 – ESU is 
activated, TGP auto-prognostic ASC was used. 

 

Fig. 10. The graph of the frequency time dependence in IPSS during emergency WPP shutdown: 1 – ESU is activated, TGP auto-
prognostic ASC was used; 2 – ESU is on, the TGP used the classic ASC; 3 – ESU is disabled, the TGU used the classic ASC; 4 – 
ESU is disabled, TGP used auto-prognostic ASC. 
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asynchronous load indicated that the combined use of 
high-power ESU and the auto-prognostic speed 
controller of the TGP generator rotor makes it possible 
to ensure the stability and survivability of the IPSS, 
increasing the damping properties of the mode control 
system. The auto-prognostic ASC of the TGP generator 
does not require special adjustment of the regulator and 
allows to obtain high quality indicators of the rotor speed 
control and frequency in the IPSS network for all 
considered modes. The use of a fuzzy system to control 
the blades rotation angle of a wind power generation 
plant with an accumulator battery and a DC link ensures 
stable operation of the WPP in the normal and 
emergency modes under study. 

4 Conclusion 
The results of computer-based simulation of normal and 
emergency operating modes of an isolated power supply 
system with TGP, WPP and high-power ESU allow us to 
draw the following conclusions: 

1. The auto-prognostic ASC of the TGP generator 
has a significant impact on the control processes in the 
case of a three-phase short circuit in the IPSS, making 
the turbine control more accurate and smooth. The 
overshoot and oscillation of the turbine mechanical 
power is significantly reduced, the time of the transient 
process for the rotational speed of the generator rotor is 
reduced by 1.8 times, and the overshoot value for the 
same parameter is reduced by 9 times. 

2. The use of a permanently connected powerful ESU 
in IPSS makes it possible to strictly limit voltage 
deviations when starting a powerful asynchronous 
electric motor: voltage dip is reduced by 5 times; there is 
no overvoltage when using ESU. 

3. The use of an auto-prognostic ASC when starting a 
powerful equivalent asynchronous motor reduces the 
oscillation and the overshoot value of the generator rotor 
speed. Combined use of high-power ESU and auto-
prognostic ASC allows to significantly limit the 
deviations of the TGP generator rotation speed. Similar 
effects are observed for the network frequency of an 
isolated power supply system. 

4. In case of emergency shutdown of a WPP, the use 
of a powerful ESU allows to significantly limit the 
deviations of voltages, the TGP generator rotation speed 
and the network frequency; in this case, the auto-
prognostic ASC completely eliminates oscillation and 
overshoot. In case of ESU disconnection, the auto-
prognostic ASC ensures stable operation of the TGP 
generator and effective regulation of the rotor speed and 
frequency in the IPSS network. 

5. The combined use of high-capacity ESU and auto-
prognostic controller of TGP generator speed allows to 
ensure stability and survivability of IPSS while 
enhancing its damping properties. The auto-prognostic 
ASC of the TGP generator does not require special 
adjustment and allows to obtain high quality indicators 
of the control and frequency for all considered modes. 

6. The use of a fuzzy system to control the blades 
rotation angle of a wind power generation plant allows to 

ensure the WPP stable operation for all considered 
normal and emergency modes. 
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