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MATHEMATICAL MODEL OF POWER FLOW IN A THREE-
PHASE NETWORK USING FACTS DEVICES, SERIAL POWER FLOW
COMPENSATOR WITH THYRISTOR CONTROL TCSC

Among the series circuits of FACTS (Flexible Alternative Current Trans-
mission Systems) is the so-called TCSC (Thyristor Controlled Series Capacitor).
This is a capacitive compensator consisting of a series-connected battery of com-
pensators connected in parallel with a thyristor control reactor to provide a uni-
form change in capacitive resistance [1-5].

To assess the operation of the TCSC, we consider its application as a
FACTS device and two alternative models of power flow in an EPS.

In a simpler model, the concept of variable series reactance is used as the
state variable. This series-connected reactance is automatically adjusted within
certain limits to ensure the flow of a given amount of active power. In a more
advanced model, the slope angle characteristic is used, which is in the form of a
nonlinear relationship. In this case, the slope angle of the TCSC is selected as the
state variable for calculating the power flow using the Newton-Raphson method
[1-5].

1. Power flow model with variable series impedance control.

A mathematical model of TCSC based on three-phase reactive conductance
is obtained by combining individual single-phase TCSC modules (Fig. 1). In order
to regulate the flow of active power flowing through three TCSC channels, the
value of the required conductance of the BTCSC is determined using the Newton-
Raphson method [1-5].

The admittance of the TCSC can be determined using the equivalent circuit
shown in Fig. 1. Assuming that the exponent f takes successively the values a, b,

C, we obtain [2-4]:
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Fig. 1. TCSC equivalent circuit in a three-phase network
(with a conductivity model)

Since all three TCSC modules are unconnected with respect to electromag-
netic interaction, the elements of the matrix of (1) are.
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can be defined as follows [2, 3]:
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Where X? is the equivalent reactance for the main frequency of the network.

In this case, the general equation for a three-phase network is a system of
three matrix equations [1-5], i.e.
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The three-phase power values applied to bus 1 are determined by the fol-

lowing equations [1-5]:
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The power equations for bus 2 are obtained by substituting subscript 1 for
subscript 2 in equations (3), (4). The partial derivatives of the power equations
with respect to X? are of the form [1-5].
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Then, the process of controlling the active power flow from bus 1 to bus 2

using TCSC is described by the following iterated Iinearized equations [1-5]:

where APE‘X is the unbalance of the active power flow, calculated as
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AX? - continuous increment of the total resistance of the series-connected
capacitor TCSC [1-5].
2.Model of power flow when controlling the advance angle.
An alternative to equation (5) is the equation obtained based on a three-
phase model with lead angles of thyristors considered as elements of the system
state. Figure 2 shows the corresponding TCSC equivalent circuit.
The reactance of TCSC at the fundamental frequency of the network as a
function of the pitch angle of the thyristors can be represented by the following
equation [1-5].
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The admittance matrices in each of the TCSC models considered agree
(equations (1), (2)).
The power equations (2), (3) also agree. Therefore, only the appropriate
changes need to be made in equation (3) for the case of controlling the slope an-
gles [1-5]:
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The partial derivatives, which are in the last column of the Jacobi matrix of
the iterated equation (6), are found by the formulas [1-5]'
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