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Abstract. This paper deals with the capacity and installation problems of the Distributed Power
Flow Controller. There is arapidly increase in the development of FACTS and the application of it
in the power grid. On 500kV power distributed system, the addition of Distributed Power Flow
Controller is to change the line parameters, but the capacity of the Distributed Power Flow
Controller adding into the system and how to install on the line are the primary problems need to be
solved. In this paper, we study the best location as well as the appropriate capacity of the
installation of Distributed Power Flow Controller, and launch the foundation of practical application
for the actual project.

Introduction

In 2007, Y uan Zhihui, who studied in the Holland Delft University of science and technology,
proposed the concept of distributed power flow controller (DPFC) [1].

DPFC is designed with the thought, adopting distributed static series compensation, in order to
distribute the three-phase converter which has large capacity of series side of UPFC. While small
capacity single-phase converters adopt decentralized articulated in the transmission line. The third
harmonic is used to exchange the active power from parallel side to series side so that the power
flow of the power system could be regulated comprehensively and this behavior is based on the new
circuit topology. DPFC is used to control or regulate the bus voltage and the active power and
reactive power of the transmission lines dynamically. The DPFC consists of converters of the
parallel side, converter of the series sides, the pathway of the third harmonic, and the simplified
schematic is shown in Figure 1.
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Figure 1 DPFC simplified schematic diagram of the simplified schematic

As shown in Figure 1, the parallel side is composed of two converters. The VSC1 is a
three-phase converter and the VSC2 is a single phase converter. The two converters share a
common DC capacitor. The power grid voltage joins into the AC side of the VSC1 through a
parallel side coupling transformer T1, VSC1 absorbs the active power of the power grid to remain
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the DC capacitor voltage constant, converter VSC2 (end grounding) exports third harmonic of
which the current distributes equably in the transmission lines through the neutral point of the Y
side of the Y-A transformer T2. While the third harmonic current is cut off by the A side of the
transformer and it can’t feed into the transmission lines. Therefore, the transmission lines form into
aloop through the grounding neutral point of the Y side of Y-A transformer T4 which is located on
the end.

The series sides consist of many single-phase inverters. The single-phase converters are
hanging in each phase of the transmission line through single box transformer T3. When it works
independently, it is same to distributed static series compensator (DSSC). It can also work with
parallel side as aresult of the DPFC, by absorbing the harmonic power provided by the parallel side
harmonic converter VSC2 transmission line, which can realize the exchange of power between
series sides and parallel side. Because of the topology of DPFC, which can be used to implement a
distributed power flow controller, it lays the foundation for the high reliability of the operation as
the partial mechanism failure.

DPFC location based on sensitivity factor [2]

The performance of the application of DPFC in the power system is the adjustment of the line
voltage, phase angle, compensation of the line impedance, dynamic control of the line power flow
and reactive power compensation. Its advantages are flexible control, scattered layout, convenient
installation and maintenance, but the most important issue of implementation are how to choose the
DPFC best installation location and capacity, and how to improve the power system stability and
security level to the maximum. Nowadays few literatures and projects related to the DPFC site
selection and capacity determination, so determining the DPFC capacity and site selection method
referring to UPFC.
line active power flow performance index

The severity of the power system load can be expressed by the line active power flow
performance index [3], which is defined as follows:
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Type P is the branch power flow, P, is a branch of rated active power, n is index
coefficient, Wy, is weight coefficient that reflects the importance of branch, N; is the number of
branch of the system. The PI parameters are defined in this way, it can intuitively reflect the actual
trend and the trend limit between the limit, including transmission line congestion information
system.

DPFC power flow sensitivity factor [4]

Solving the partial derivatives of two variables. series injected voltage magnitude and phase
angle (Vs, @s) by Pl in order to achieve two control sensitivity. Through the sensitivity accurately
determining the installation location of the parallel side of DPFC. When the branch K is equipped
with DPFC, the sensitivity coefficients of the line active power flow performing to the control index
Xk (Vs, QJS) are:
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In order to eliminate the influence of the interaction between the two control variables (Vs, ¢s),
the mathematical theory can be known that the following method can be achieved. Namely: take the
value of PI for the partial derivation of Vs =0 as the value of ¢;%, at this time take the ps =0. For the
Pl of the partial derivative of the ps =0, meanwhile, divided by the value of the value Vs as the
value c,*. The magnitude of the type c.¥, c,* are corresponding to the effective performance index of
the line active power flow regulation of the two control variables of DPFC respectively.
DPFC location calculation process

By the definition of PI, we can get:
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The variation of the line power flow causing by the node injection power changes is defined by
nodal injection power transferring distribution factor:
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The influence coefficient matrix of active power flow to the branch power flow is obtained by
using the DC power flow calculation:
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The coefficient matrix of the branch m (node i flow to node j) is influenced by the active
power flow P, in the node n.
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Among them, x™ is for the reactance of the branch m, P, is the injected power of the node, i
and X, are the elements in the column n and column n of the first | column of the matrix X.
When the branch misinstalled on the line (i.e. m=k):
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When the branch mis not installed on the line (that is, k m):
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In the formula: the total number of the system bus, the node S is the balance node.
Therefore: When m=k,

X = X, e ™ X,

When m £k,

(11)
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According to the calculation model of power injection model [6]:
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Above (13) (14) formula
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Simultaneous equations (2)-(3), (11)-(16) can be calculated separately ¢, and ¢, .

DPFC location method refer to the UPFC location selection method which demonstrate above,
and we can get the best installation address of the DPFC parallel side which we need, and the series
side is distributed in the line. Because the DPFC device has the characteristics of dispersion and
small capacity so that the UPFC location method can only be used for reference. The specific
installation location should be calculated according to the actual situation and the selection of

capacity.

DPFC capacity study

DPFC constant volume equivalent circuit [2]

In the steady state, the DPFC can be expressed by the equivalent voltage source, the DPFC
constant capacitance equivalent circuit is shown in Figure 2, and the resistance of the transmission
line and the capacitance to ground are neglected.

iX
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Fig. 2 DPFC constant volume eguivalent circuit
DPFC steady-state operation of the phasor diagram [3] as shown in figure 3:
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Fig. 3 the phasor diagram of the steady state operation of the DPFC
Referring to UPFC, when the DPFC is not installed in the transmission circuit, the active
power flow over thelineis:

VARVARS
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If the line is installed with DPFC, when the maximum a, that is, AV is with the vertical Vi,
making the line trend is the largest, at thistime the flow of active power is:
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And because of the installation of the DPFC, so the line on the active power flow
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From the equivalent circuit of DPFC, Vi, =V, + AV, it is known that the cosine theorem:
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Becauce I, =AV,/ X, s0 the running capacity of DPFC is:

)

\/| ViZ- DVZ+V7- 2V (V, cosq - DVsing) |
X

This method is used to determine the capacity of DPFC. After solving the capacitance
equivalent circuit, the DPFC investment cost function and profit function should be calculated so
that the mathematical model of the optimal capacity of DPFC can be achieved. Solving the
equations to determine the DPFC capacity. In fact, location is the first element to consider, then
ensure the capacity.

DPFC investment cost function
According to the formula given by [5], the investment cost function of DPFC can be obtained.
C,=1000C, .~ S (24)

upfc

S=1,.DV=DV. @)

C,  =0.0003S?- 0.2691S +188.22 (25)

dpfc
In the formula S is DPFC’s capacity (MVA), the unit of Cppec is USS/KVA. Copec is the
investment cost per unit capacity for DPFC.
DPFC revenue function
According to the principle that the transmission capacity of the power system is improved, the
mathematical model is established according to the income function which is brought by the
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improvement of the transmission capacity:

G =Cut+Gy (26)
In the above formula, the revenue brought by the increase in transmission capacity is related to
the value of the income and the increase of the active power in different price. Expression for:

C,. =t(P)(P,- Py) 27)

Among them, the unit of Cy, is US$/year, tp is the price coefficient and Py is the maximum
transmission capacity of a system which is installed with DPFC, Pg is the largest transmission
capacity of a system without DPFC. The reference [2] is given at the annual price earnings, as
shown in figure 4:
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Fig. 4 annual income corresponding to different electricity price
Cap, represent the profit which is caused by the installation of a DPFC to avoid the construction
of new transmission lines and systems brought about by the benefits. Its expression is:

C,,=r-C (28)

In the formula, the unit of Cy, isUSS, r is electric power industry investment recovery rate, C.
is the cogt of investment in the construction of new transmission lines which is used to establish
new transmission for meeting power system demands according to the actua situation without
FACTS. Reference [2] gives a one-time investment cost corresponding to different line lengths of
different voltage levels, as shown in Figure 5.
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Figure 5 the relati onship between the length of the new transmission line and the cost of the investment

From the formula (4.9) and formula (4.10) we can know that the income function C, of the unit
is US$/year, and the unit of the investment cogt function C, is US$, the two units are different, so
carry C, on the conversion:

C =a-C (29)
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In the formula, n is DPFC equipment economic life, a isthe present value of coefficient for the
next year, r is the investment recovery rate of electric power industry. Converting C; to annual
investment costs C; , and thus consistent with the unit C.

M athematical model of the optimal capacity of DPFC
To sum up, the optimal capacity of DPFC mathematical relationship is as follows:

max:C,, =C,- C, (31)

The mathematical relationship of the optimal capacity of DPFC isthe target function. The Cio
is the total income of DPFC, according to the maximum of which can we determine the capacity of
the DPFC. This needs to optimize the objective function. Looking for the optimization method, this
paper will use the Matlab computing function for the maximum value of the objective function
optimization.

Conclusions

This paper introduces a location selecting and capacity determining method of the DPFC. The
location selection of DPFC based on the sensitivity factor, and the capacity determination in
economic conditions of DPFC pave the way for practical project apply and for the future study of
the properties of the DPFC. But in the practical application of DPFC, there may be a variety of
problems of other aspects, the method of location selection and setting needs to be adjusted

appropriately.
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