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Abstract

Currently, there are practically no automated systems for controlling power flow within the specified limits when the power line is
overloaded by active power. Regulation is assigned to the dispatchers of the power system or is carried out by means of
emergency automation, which disconnects consumers. Therefore, an urgent task is to expand the arsenal of tools for automatic
control of active power flow in overload mode. Relevance. A significant increase in electricity consumers leads to a complication
of the electric power system. The workload for dispatching personnel is increasing. Maintaining the smooth operation of the
elements of the power system is a very important and responsible task. In modern electric power industry, timely warning and
elimination of overloads of network elements are relevant. The study aims are development and research of an intelligent
automatic control system for the flow of active power along a power line based on the mathematical apparatus of fuzzy logic. The
system is based on the use of the regulating effect of the load. Research methodology. Methods of calculating static load model
during their actualization were used. The method of fuzzy sets was used in the construction of an intelligence control system for
active power flows in overload condition. The effectiveness was estimated by expert methods. Results. The use of artificial
intelligence methods for automatic regulation of transformer voltage under load allows up to 5-7 % reducing the flow of active
power in overload mode.
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1. Introduction changed by raising the excitation on the generation,
o ) ) changing the transformation ratio and using reactive
~ The overload condition is characterized by devia-  power compensating devices [3]. In this article, the
tions of the operating parameters and the achieve-  possibility of using an automatic voltage regulator of
ment of the highest value of the permissible flow of 3 transformer on-load tap-changer (AROLTC) is in-
active power through power lines. This condition  yestigated. The automatic regulator uses data from a
requires rapid elimination and entry of overflow pa-  gpecial monitoring program with SLM.
rameters within allowable limits. It is most effective Problem statement — synthesis of the OLTC sys-
to solve this problem by means of automatic condi-  tem software package using SLM data to control the

tion control. At the same time, it is desirable 10  flow of active power. The power line does not have
avoid the operation of emergency automation, which  yeactive power compensation devices.

turns off some consumers. In the works [1, 2] it is
proved that, using the data of static load model
(SLM), it is possible to reduce the power flow by
5-7 % by influencing the voltage. The voltage is SLM reflects the properties of the load, manifest-
ed by slow changes in the parameters of the condi-

2. Automatic voltage regulation under load
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tion. The SLM has a load regulating effect (LRE).
With the help of LRE, it is possible to influence
power flows. This can be used under operational
management of the network overload condition [4].
Currently, technical means and algorithms have
been developed that are capable of monitoring
changes in the SLM [5]. At the output of the SLM
control unit, the characteristic value is formed in the
form of a polynomial function and a regulating load
ratio (the first derivative of the function). The algo-
rithm for developing the control action is created in
the presence of the value of the regulating load ratio
(RLR). This happens when the overload condition is

reached. With a positive RLR a reduction in power
consumption is achieved by reducing the voltage.
With a negative RLR a decrease in power consump-
tion is achieved by increasing the voltage. When the
RLR is close to 0, a change in voltage will not lead
to a change in power [6]. To synthesize the active
power flow control system in overload condition the
Matlab mathematical modeling software package
with the integrated Fuzzy Logic Tollbox package
was selected. Mamdani's algorithm was chosen as a
fuzzy algorithm.

The input variables are four parameters: voltage,
power, regulating load ratio, OLTC position (Fig. 1).
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Fig. 1. Fuzzy controller

Each of the parameters has three membership
functions (terms): voltage — «High — Negativey,
«Normal — Medium», «Low — Positive»; power —
«Underload — Negative», «Normal — Mediumy,
«Overload condition — Positivey; regulating load
ratio — «Negative», «Zero — Mediumy, «Positivey;
OLTC position — «Extreme small — Negativey,
«Working position — Medium», «Extreme large —
Positive».

The values of three input parameters come from
technical measuring instruments. The value of the
regulating load ratio is formed by a special monitor-

ing program of the SLM, implemented in a separate
block.

For the input parameter «Voltagey, the terms are
triangular membership functions (trimf). These
terms are shown in Fig. 2.

Terms for all input parameters were created in the
same way. A characteristic feature of creating terms
for OLTC position was the use of trapezoidal member-
ship function (trapmf) for positions from 2 to the pe-
nultimate. The output parameter is a control signal
about switching to the OLTC stage. Membership func-
tions have also been created for it, as shown in Fig. 3.
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Fig. 3. Output terms

The relationship between the input parameters
and the control action is formed on the basis of the
rule base. The creation of the rule base is based on
the following logical conditions:

1. The control action in the under load condition is
generated based on the voltage setpoint, that is,
the AROLTC maintains the set voltage value.

2. In the overload condition the control action is
generated based on the level of active power
flow, taking into account the regulating effect of
the load. After OLTC switching, there should be
a decrease in power flow [7, 8]. The created
rules are summarized in Table 1.

3. Results

The control system for the flow of active power
in overload condition, when checking it on mathe-
matical models, worked logically correctly. In the
overload condition, the reduction of the active power
flow reached 5 %.

Passport data of the real power transformer
ATDTSTGN-63000/220/110/10 were used in the
models. Fig. 4, 5 show options for developing a con-
trol action in two different operating modes. In Fig.
4 OLTC position occupies position 6, at which the
voltage has increased to an unacceptable value
(130 kV), the power is not in overload mode
(25 MW), the regulating load ratio is not taken into
account. At the output, as a result, we received a
signal to switch the OLTC to a higher stage. This led
to a decrease in voltage by 1,46 kV, the power also
changed, but only slightly.

Fig. 5 shows the case when the power is in over-
load condition (45 MW), the voltage is reduced
(109 kV), the OLTC takes position 19, and the regu-
lating load ratio is positive (0,8). At the output we
get a signal to reduce the voltage. That is, the OLTC
position switches to a higher position. The power
decreased by 0,8 MW. When switching to 7 stages,
the power flow becomes nominal.
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Table 1. Rule base

OLTC Control OLTC Control
Ll i X position OLTC e P Kp position OLTC
1 M| M — N 0 (stand still) 15 | N | M — P U7 (down)
2 [P M| - N Ul(up) 6 | M| N | - P 0 (stand)
3 | N | M| N U1 (down) 7| P | N| — P 0 (stand still)
4 M| N| - N 0 (stand still) 8| N|N| - P U7 (down)
5 P N — N U/ (up) 19 | - P N N 0 (stand still)
6 [N | N | N 0 (stand still) 20 | P | N M U1 (down)
7 M| M| - M 0 (stand still) 2L - | P | N P U7 (down)
8 | P | M| M Ul(up) 2| — | P | M N 0 (stand still)
9 N | M — M U1 (down) 23 | - P M M 0 (stand still)
10 | M | N — M 0 (stand still) 24 | - P M P 0 (stand still)
11| P | N | — M Ul(up) 25| - | P | P N U(up)
2| N|N]| - M U7 (down) 26| — | P | P M Ul (up)
13| M| M — P 0 (stand still) 27 | — P P P 0 (stand still)
14 | P | M — P 0 (stand still)
Veltage = 130 oLTC = 6 Kp=0 Power = 25 Control = 0.669
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Fig. 4. Model example
Voltage = 109 OLTC = 19 Kp=0.8 Power = 45 Control = 0.669
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Fig. 5. Model example
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4. Conclusions

An automated power flow control system for
overloading the active power of the power line
has been developed. The system is based on the
method of artificial intelligence. This system al-
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