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Abstract: When a series compensated long transmission lines 
connects to a steam-turbine generator results in the contrary 
phenomenon termed as sub-synchronous resonance (SSR). The 
intension of this paper is to verify the performance of the 
Distributed Static Series compensator (DSSC) as a member of D-
FACTS family in mitigation of SSR. Two controllers namely 
Fuzzy Logic Based Damping Controller (FLBDC) and Adaptive 
Neuro Fuzzy Inference System (ANFIS) controllers are designed 
and implemented in the conventional controller of DSSC to 
provide effective damping. The simulations were carried out with 
MATLAB/Simulink to IEEE second benchmark (SBM) model 
combined with DSSC module and the results were compared 
with the conventional controllers. 

1. INTRODUCTION 

The continuous growth in demand for electrical power 
requires the interconnection of large power systems where 
large amounts of power to be transmitted over a long distance. 
For this long ac transmission lines with series capacitive 
compensation must be the selective solution to enhance the 
power transfer capability [1]. Even so, usage of series 
capacitors may cause sub synchronous resonance [2], the 
condition in power system significant energy exchanges 
between electrical networks and mechanical units. 

For the countermeasure of SSR we have devices such as, 
dynamic stabilizers [3-5], Flexible AC Transmission systems 
(FACTS) devices [6-12] have been proposed. Proposal in ref 
[4] is based on controlling sub-synchronous frequency of line 
current to zero and hence at the critical frequencies of the 
generator shaft, the network damping is increased. In ref [6] 
SVC and TCSC are proposed with two separate conventional 
controllers. SVC is a conventional lead-lag controller and the 
damping characteristics of the TCSC have been added through 
constant current control of TCSC. The hybrid compensation 
scheme with a combination of TCSC and fixed capacitor has 
been proposed in ref [13] to damp the SSR.  

In the most of the above mentioned articles, the auxiliary 
damping controllers designed, based on linearized system 
model based and the controller parameters are tuned to some 

specified operation states. When the system is subjected to the 
large disturbances, the condition of the system will resultin an 
extremely nonlinear behavior and the controllers would fail to 
dampen the oscillations, even destabilizing impact may be 
supplemented to the disturbance by the controller through for 
instance inserting negative damping [14–17]. 

To suppress such problems, the nonlinear dynamics of the 
power system should be considered by control scheme. Some 
of the power systems, stabilizingmethods to control have been 
proposed [18]. With the development of fuzzy logic controller 
recently, functions based on human experiences, the controller 
provides a taxonomic way to control the nonlinear process. It 
is general formulation that can improve execution of closed 
loop control systems.A well-defined fuzzy controller can give 
better performance in the presence of fluctuations in 
parameters, load and external disturbances. In ref [17, 19], it 
shows that FLBDC with devices like PSS and FACTS, 
improved power system in a wide range of operating 
conditions. The mitigation of SSR is possible with FLBDC 
and it can reduce the low frequency oscillations respectively 
[20]. Once the Fuzzy logic based controller is developed it can 
be transformed into an adaptive network termed as Adaptive 
Neuro-Fuzzy inference system (ANFIS). This controller takes 
the all the advantages of neural network controller and 
enhances the Fuzzy Logic controller. 

This paper utilizes the DSSC as a substitute in place of 
conventional FACTS devices. Normally, FACTS devices have 
some limitations that are haltered the widespread deployments 
of these devices such as, complexity, high initial cost, the 
entire system will be shut down when a failure takes place in 
one single point.  

Recently FACTS, distributed in nature, named Distributed-
FACTS [25] devices have been bought in contrast to the above 
limitations. These devices are distributed all along the 
transmission line. D-FACTS are implemented in damp low 
frequency oscillations, enhancement of transient stability and 
alleviation of sub-synchronous resonance [26-28]. The 
Distributed Static series compensator (DSSC) is the deduced 
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concept of static synchronous series compensation (SSSC). 
DSSC offers lower cost and more reliable compared to the 
SSSC. In [28] authors proposed that mitigation of SSR with 
auxiliary damping controller have been incurred with trial and 
error method. 

2. POWER SYSTEM DESCRIPTION FOR SSR 
ANALYSIS: 

The power system network for this study is an IEEE second 
benchmark [29], shown in fig: 1, used to study sub-
synchronous resonance and particularly torque amplification 
after a fault on a series-compensated power system. It consists 
in a single generator (600 MVA/22kV/60 Hz/3600 rpm) 
connected to an infinite bus via two transmission lines, one of 
which is 55% series-compensated. The compensation 
capacitor introduces sub-synchronous mode, after a three-
phase fault has been applied and cleared, there can be 
observed a phenomenon that excites the oscillation torsional 
modes of the multi-mass shaft and the torque amplification. 
The mechanical system is modeled by 3-masses: mass 1 = 
generator; mass 2 = low pressure turbine (LP); mass 3 = high 
pressure turbine(HP). 

 

Figure:1 The IEEE SBM model combined with DSSC 

3. THE DSSC MODULES COMBINED SYSTEM 
MODEL 

DSSC is a 1- Ø model of FACTS controller named Static 
Synchronous series compensator, with reduced size and 
distributed in nature for the control of power flow in 
transmission lines. Since DSSC is a 1-Ø device [30], 
individual DSSC modules are deployed in all the three phases 
of the transmission line to uphold symmetry in power flow. 
Each module is mounted on each of the transmission line 
conductors or as an alternative for conductor holding clamp on 
insulator discs. In doing so it takes an advantage of being no 
need of phase to ground insulation in counterpoint with the 
SSSC. With respect to its inherent nature of low-power, the 

distributed static series compensator calls for a number of 
DSSC modules along a single transmission line.  

 

Figure:2 Schematic circuit of DSSC module 

The schematic representation of DSSC module is shown in 
fig: 2. The main components of this module are: a current 
transformer to provide a feedback current signal; a controller; 
single turn transformer (STT) to inject a control voltageinto 
the line; a power supply and communication devices to 
send/receive signals to/from the other modules or centralized 
controllers [31]. LC filters to filter-out harmonics in the 
generated control voltage. By pass network, one of the 
advantages of this module is that, in an event of sleep or 
failure of any module, it can be bypassed. These events are 
controlled by the centralized remote controllers, 
communicating through wireless or PLC networks[32]. The 
Single turn transformer is in this module is constructed with a 
high turn ratio of (100 : 1)with transmission line as a 
secondary winding. Due to this the rating if the switching 
valves reduced and hence IGBTs can be used for economical 
implementation. The transmission line conductor is 
surrounded by the transformer is to provide a complete path to 
the magnetic circuit. 

4. CONVENTIONAL CONTROLLERS: 

The power flow in transmission line could be controlled either 
by direct or indirect control of schemes. For the direct control 
scheme, the control over the angular position ω and output 
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voltage Vq are considered and for the indirect control scheme, 
the angular position only considered [34]. In this paper utilizes 
the indirect scheme of control, keeping the output voltage 
proportional to DC link. The scheme of control is as shown in 
fig: 3. 

 

Figure:3 control scheme of DSSC 

The purpose of this controller is to inject a synchronous 
voltage in orthogonal to the line current Ia and to hold the 
changes in the DC bus capacitor. To control the DC capacitor 
voltage, a small error ‘e’ is required, which is result of the PI 
controller obtained by comparing the DC capacitor voltage Vdc 
with reference voltage Vdc ref. 

5. CONTROLLER DESIGN 

The main objective of the DSSC module is to damp 
Subsynchronous resonance. These modules are connected to a 
series compensated transmission lines. The purpose of DSSC 
module is to inject a compensating voltage in quadrature with 
the line current to control the power flow in the transmission 
lines. Auxiliary controllers are required to enhance its ability 
to mitigate low frequency oscillation and Subsynchronous 
resonance phenomenon [26-28]. His section proceeds with the 
designing of conventional controller, fuzzy logic based and 
ANFIS damping controllers. 

5.1 Fuzzy Logic Controller: 

Generally, the power system is considered to have nonlinear 
behavior. For this type of systems to yield better performance, 
the Fuzzy Logic controller is the selective solution. The 
conventional controllers are confined to a limited set of 
optimal values; fuzzy logic can be defined over infinite 
selective logics between 0 and 1. Instead of Boolean 
implements only two logics 0 and 1. Dynamic stability 
analysis, unit commitment, control of load frequencies were 
implemented with fuzzy logic controllers in which the control 
is based on human experiences/intelligence. Taking the 
changes in angular position ∆ω of the rotor system and its 
derivative d/dt ∆ω as inputs, shown in fig by using a set of 

rules defined providesan appropriate Vdc refto compare withthe 
dc bus capacitor voltage. 

The fuzzy controller is divided into four essential parts, they 
are Fuzzification, Fuzzy inference engine, Rule-base and 
Defuzzification. The Fuzzification involves conversion of 
input signals into fuzzy sets. Fuzzy inference engine and rule 
base are the heart of the fuzzy system, all the control strategy 
is defined through a set of possible rules and membership 
functions. 

 

Figure:4 scheme of fuzzy controller 

The rules are chosen based on human experiences and system 
performance. On Defuzzification part the crisp values of the 
fuzzy rules are generated.  

 

Figure:5 Fuzzy Logic Based Damping Controller added on to 
DSSC 

5.2 ANFIS based controller 

In this paper, the Sugeno-type fuzzy inference system (FIS) 
controller is used in the proposed Adaptive Neuro-Fuzzy 
Inference system (ANFIS) . The parametersto FIS controller 
are decided by back propagation technique [36]. By taking ∆ω 
and d/dt∆ω are taken as inputs, the ANFIS controller is 
determined. The output signal is calculated by using input 
variable membership functions. 
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The proposed ANFIS controller consists of five
layer, input membership function layer, layer
membership function layer, and output layer.
controller to generate output, it uses nine rules
membership functions in each variable as shown

The ANFIS controller is constructed using
using the rules are as follows [37]. 

Figure:6 ANFIS architecture. 

A. ANFIS Architecture : 

Example: A two inputs (x and y) and one output

Rule 1 : IF x is A and y is B, then then 

Rule 2 : IF x is A and y is 

 

ANFIS architecture 
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five layers: input 
layer of rules, output 

layer. The fuzzy 
rules and two input 

shown in fig:6. 

using simple pattern 
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The basic steps to be followed to 
for DSSC are as follows: 

Step:1 Design Simulink model with
and simulate with the given rule base

Step:2 While simulating the model
ANFIS controller gathers the training

Figure:7control surface of ANFIS

Step:3 The training data is provided
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Epochs.Step:7 save this ANFIS controller in
DSSC controller 

6. SIMULATION RESULTS AND DISCUSSION

In order to evaluate the performance of DSSC
transmission line is adjusted for 55% of compensation
three-phase to ground fault is set in one of the
and removed after 0.0168s. In the first case
results and FFT analysis of rotor speed and 
generator and low-pressure turbine are shown
without any controllers. The FFT analysis
compensation, mode 1 oscillations are
Subsynchronous frequency of 26 Hz.  

(a) 

(b) 

Figure:8 simulation results without any controller
in Rad/s (b) the electrical torque between generator

pressure turbine in p.u. 

Figure:9 FFT analysis on generator rotor shaft
validate the dominate mode. 
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in Simulink with 

DISCUSSION 

DSSC controller, the 
compensation and 

the lines at time 3 s 
case, the simulation 

 torque between 
shown in figure 

analysis for 55% of 
are dominant at 

 

 

controller (a) rotor speed 
generator and low 

 

shaft in order to 

In second case DSSC controller
conventional controller, later with
damping controller. The Fuzzy logic
results are compared with conventional
conventional damping controller 
damping controller provided with 
The FFT analysis shown in the figure
controller based Damping controller.

(a) 

(b) 

Figure:10 Simulation resultscomparison
andCDC based DSSC controllers

electrical torque between generator 
p.u. 

Observing the FFT analysis, it 
magnitude (% magnitude of the fundamental)
dominating mode 1 oscillations at 26

Figure:11 FFT analysis of generator
enhanced with FLBDC.
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controller is provided first with 
with a fuzzy logic based 

logic based damping controller 
conventional controllers. The 

 used here is PSO based 
 the optimal solution [35]. 

figure below is for fuzzy logic 
controller.  

 

 

resultscomparison betweenFLBDC 
controllers (a) speed in rad/s (b)the 

 and low pressure turbine in 

 can be observed that the 
fundamental) is reduced at 
26 Hz. 

 

generator rotor speed when DSSC is 
FLBDC. 
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In the third case DSSC is provided with Anfis
performance of the controller is improved
significant improvement. The results were compared
FLBDC controller as shown in fig:12 below. The
provides support to the ANFIS proposal in this
enhances the performance of the DSSC
subsynchronous resonance. 

12(a) 

12(b) 

13(a) 
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Anfis controller, the 
improved further with 

compared with the 
The FFT analysis 
this paper which 

DSSC in mitigating 

 

 

 

13(b) 

Figure:12 Simulation results of DSSC
ANFIS controller (a) speed in rad/s

between generator and low pressure

Figure:13 Simulation resultscomparison
controllerandFLBDC based DSSCcontrollers(a)
(b) the electrical torque between generator

turbine in p.u.

Figure: FFT analysis on generator
enhanced with FLBDC.

7. CONCLUSION 

This paper, from the simulation results
that the performance of the DSSC 
When the DSSC controller is provided
auxiliary controllers like conventional
(CDC), FLBDC and ANFIS then there
the performance of the controller.
alleviation of Low frequency 
damping.Superior performance is
controller compared to FLBDC and
not only improve the performance 
alleviation. Hence it can be said 
Fuzzy and ANFIS controller is 
Subsynchronous resonance and LFO
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DSSC controller enhanced with 
rad/s (b) the electrical torque 

pressure turbine in p.u. 

resultscomparison between ANFIS 
DSSCcontrollers(a) speed in rad/s 

generator and low pressure 
p.u. 

 

generator rotor speed when DSSC is 
FLBDC. 

results and discussions show 
controller alone is not well. 
provided with any of the 

conventional damping controller 
there is an improvement in 

controller. CDC fails to provide 
 oscillation besides SSR 
is provided by the ANFIS 

and CDC. ANFIS and FLBDC 
 in damp SSR but also LFO 
 that DSSC enhanced with 
 the best choice in damp 

LFO in the power system.  
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