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Abstract. FACTS - Flexible Alternative Current Transmission System technology is a family of
devices, each of which can be used individually and in concert with other devices to control the
interrelated parameters of the electrical power system. The mission of FACTS technology is to
improve the control of power flows in both steady-state and transient modes of EPS. Flexibility
of Electric Power Transmission, applied as "The ability to adapt to changes in transmission
system or operating conditions while maintaining sufficient operating limits in steady-state and
transient modes”. Controlled Flexible AC Transmission Lines - Flexibility from Electric Power
Transmission means "AC Power transmission systems that incorporate power electronic
devices and other static controllers to improve controllability and increase throughput". Device
(regulator, controller) FACTS - FACTS regulator, which means "A system based on power
electronics and other static devices that provides control of one or more parameters of the AC
power transfer system”. FACTS Devices are conventionally divided into three types: parallel
devices (lateral compensation devices); serial devices (longitudinal compensation devices);
combined devices.

Key words. FACTS, electric power systems, Unified Power Flow Controller, Interline Power
Flow Controller, thyristor control, transmitted power, STATCOM, Pulsed Power.

I INTRODUCTION

The Technology FACTS technology is a family of devices that can be used individually
or in conjunction with other devices to control the interrelated parameters of the electrical power
system. The goal of the FACTS technology is to improve the control of power flows in both
steady-state and transient modes of EPS. One of the key elements of FACTS is the RPS reactive
power source (Fig. 1), which is capable of both generating and consuming reactive power
depending on the desired mode of operation and the specified characteristics of the EPS [1].
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Fig. 1. General diagram of the FACTS device.




I MAIN PART

Combined FACTS devices include the combined UPFC (Unified Power Flow
Controller) and the Interline Power Flow Controller (IPFC) [2].

UPFC -UNIFIED POWER FLOW CONTROLLER.

The UPFC combined power flow controller is designed for operational control and
dynamic balancing in AC power plants. It can be used to control all important parameters
affecting the power flow. In addition, the UPFC is capable of controlling both active and
reactive power independently.

The UPFC consists of two voltage transformers - a STATCOM and a Static

Synchronous Series Compensator SSSC connected in antiparallel and operating through a
common DC link or DC capacitor (Figure 2.). Active power can flow freely in either direction
between the AC terminals of the voltage converters, with each converter capable of
independently generating or consuming reactive power. Thus, converter 2 in Fig. 2 feeds the
voltage Upq into the line with controlled amplitude and phase angle p, thus working as a current
source [2].
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Fig. 2. Combined power flow regulator UPFC.

The excess reactive power generated by the voltage AC occurs at the terminals AC. The
active power is converted to DC and injected into the DC link in the form of negative or positive
active power injection, which is converted back to AC power in the converter 1 and enters the
line through the VT voltage transformer [2].

In addition, the inverter 1 can control the reactive power flow to compensate the reactive
power component when needed. The active power for the SSSC comes from the transmission
line through the STATCOM, which is also used to control the voltage with its own reactive
power.

Thus, the UPFC is a FACTS device for regulating active and reactive power in
transmission lines, for changing the line capacitance, and also for regulating the line voltage.
The use of an additional energy storage device, such as a superconducting inductive energy



storage device (SCIES), through DC coupling can significantly increase the efficiency of the
UPFC application. The unique characteristics of SCIES are the ability to transition from energy
storage mode to energy release mode almost instantaneously and the high speed of power decay.
This property of SCIES is particularly sought after in high energy physics and pulsed power
applications. Inductive energy storage is most effective in superconducting magnets, where
energy storage and release are virtually lossless. The fundamental advantage of inductive
storage is that the energy in them is stored in the same form in which it is used -
electromagnetically. The absence of the need to convert one form of energy into another
provides high efficiency (97-98%) and high speed of the device.
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Fig. 3. Dependence of the transmitted power on the phase shift angle for
UPFS at 6 = 90°.

Fig. 3. shows the corresponding graph of the dependence of the transmitted power on
the phase angle of the voltage at the ends of the line. Depending on the amplitude of the UPFC
voltage, the characteristic curve shifts up or down [2].

IPFC -INTERLINE POWER FLOW CONTROLLER.

The IPFC controller is used to solve control problems that arise when the reactive
component in several adjacent lines must be compensated.

Capacitive longitudinal compensators are commonly used to increase the transmission
power of a line. However, they are not capable of regulating the reactive power flow, which
can lead to load imbalance.

Using IPFC, it is possible to control the active power flow between multiple lines
simultaneously [2].

IFPCs thus provide a solution to the following tasks:

-Balancing (equalizing) active and reactive power between transmission lines;

-Reduction of secondary loads overloaded by power lines;

-Compensation of voltage drops in power lines and the corresponding cost of reactive power;
-Increasing the efficiency of overall compensation under the influence of dynamic
disturbances.

The general IFPC diagram is shown in Figure 4.
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Fig. 4. Diagram of the power flow regulator between the IPFC lines

The IFPC controller contains several inverters (SSSC Static Synchronous Series
Compensators), each of which performs line compensation for its own line. According to the
diagram in Fig. 4, IFPC not only provides longitudinal blindness compensation, but is also
capable of transferring the active power of the corresponding line to the common DC link [3-
6].

Thus, it is possible to draw active power from overloaded transmission lines to balance
the active component in other lines. This system requires strict adherence to the energy balance,
since active power is transmitted over underloaded lines instead of overloaded transmission
lines.

Fig. 5. The principle of UPFC operation on the example of a two-machine EPS.



Note that the UPFC can be considered as a synchronous voltage source with adjustable
amplitude Upq and angle B, connected in series in the transmission line, as shown in Fig. 5.

The voltage source distributes both active and reactive power, but it can only produce
reactive power. The active power must be provided by a power source in one of the termination
buses.

111 CONCLUSION

The devices of FACTS open up new possibilities for controlling power flows, both in
existing and in new or upgraded power lines. These arise from the ability of FACTS technology
to control interconnected parameters that govern power line operation, including resistance,
current, and phase angle. Shifts between voltages at network nodes, damping of oscillations at
different frequencies, etc. FACTS devices can increase the capacity of transmission lines to the
allowable limit of line thermal resistance.

As a holistic approach, FACTS technology represents a new concept for the construction
and development of power transmission networks with fast electronic control of their operating
modes.
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