
PJAEE, 17 (9) (2020) 

 

2186 

 

 

 

Multi Machine Power System Stability Advancement Using UPFC Power 

Controller 

Dr. Sudhansu Kumar Samal 

Electrical and Engineering Department, Centurion University of Technology and Management, 

Odisha, India 

E-mail: sudhansu.samal@cutm.ac.in 

Dr. Sudhansu Kumar Samal: Multi Machine Power System Stability Advancement Using 

UPFC Power Controller -- Palarch’s Journal Of Archaeology Of Egypt/Egyptology 17(9). 

ISSN 1567-214x 

Keywords: UPFC, Fuzzy Logic Contoller; Hybrid Fuzzy Controller; FACTS Devices; Two-

Area System 

ABSTRACT 

Since of the electrical burden, an opportunity steadiness issue. At point when the issue 

happens in the force framework, the entire network goes to extreme homeless people. By 

utilizing Automatic Voltage Regulator (AVR) and Power System Stabilizer (PSS) we can 

without much of a stretch balance out the framework. The Flexible AC Transmission (FACTs) 

tools are critical near stifling the power network motions aimed at flaws and likewise expanding 

damping the network. The Unified Power Flow Controller (UPFC) which productively controls 

the dynamic force. This postulation mirrors a novel control procedure which depends on fuzzy 

control method to give an outer controlling signal to attached together UPFC in a Multi-Machine 

Power System (MMPS) to stifle low recurrence motions and furthermore it depicts the model of 

a UPFC with a MMPS which is remotely constrained by the sign produced recently proposed 

controller to improve the strength network the event of faulty connection. The adequacy of the 

controller for smothering swaying because of progress in mechanical info and excitation is 

inspected via examining adjustment in rotor point beside change in speed that happened to 

MMPS. 

1. Introduction 

This paper researches the dynamical stability studied of MMPS. It is seen that 

the synchronous motor (SM) associated with the network always involved in 

the partial or full load and generation mismatch. Investigation of MMPS gives 
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the physical impression of the little however LFO. Oscillation carried out by 

these type of large network are classified by its preference of association for 

example nearby mode; bury territory mode and torsional mode. The MMPS 

network straight forwardly includes the investigation of LFO [6]. If appropriate 

damping isn't provided to the framework then the little swaying prompts to 

make a deliverer precariousness issue. These parts likewise examine the effect 

of UPFC with the MMPS network under low repetition oscillations by giving 

appropriate damping signals utilizing PSS. Through selecting appropriate 

control boundary for example speed and angular deviation as an info capacity 

and utilizing the information base of the network execution with mamdani 

based fuzzy controller creates the fitting damping signal which can viably 

decrease the network wavering. What's more, a comparison study is made to 

see the viability of these controllers for Small Signal Stability Analysis (SSSA) 

[7] [8]. 

 

2. Modelling of SSSA (Heffron-Philips Model) for Two-Area Network 

MMPS model was scientifically broke down in the Heffron-Philips model, 

which was then utilized broadly for little sign investigation [13]. Here 

transition decay network is linearized with Ed as info besides afterward, an 

exciter with quick-acting is presented. Following state-space model (SSM), 

certain consistent are distinguished: these constants are the capacity of working 

conditions. The SSM is inspects the eigenvalues just as to building constructive 

controllers to guarantee sufficient damping. The genuine and nonexistent 

requirements for electromechanical model are related to the synchronizing and 

damping torques [8][9]. 

 

3. Modeling of the UPFC 

 

A. Steady-State Modeling 

In the figure 1 it demonstrated the  “j”  and “i” as receiving and sending end 

bus, UPFC then introduced between that points, consistent state description we 

expected that the impedances of both arrangement and shunt parts of UPFC are 

unmodified reactance. On the off chance that we are thinking about the 

consistent state activity of the network, at the point of injection between two 

voltage sources power transfer taken place. Figure 2 demonstrated the three 

power infusion model changed over voltage source. 
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Figure 1 UPFC with two-voltage source 

Shunt reactance can be improved by network admittance matrix since we 

considered it as an infused reactive power for example “Qij”. Here Pio, Qio is 

the real and reactive power speaks to the shunt voltage source and Pi, Pj, and 

Qi, Qj is the useful and reactive power speaks to the series voltage source. LF 

these two buses as a load bus and the power infused. 

 

 

 

 

 

 

 

(1) 

 

 

 

 

 

 

 

Activates of UPFC is carried out by ignoring its losses. These leads to dc-link 

voltage stays constant at the pre-characterized esteem Vdc. 

 

Re{ } 0sh sh pq pqV I V I  
     (2) 
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Figure 2 UPFC model for voltage injection 

 

Via Eqn. (1) this is the Eqn. (2) for its power restriction, and mathematically 

steady-state operation of UPFC.   
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B. Dynamical UPFC Model  

Figure 10 shows a UPFC-associated MMPB power network where the control 

signals, and the sufficiency balance proportion and stage edge of both VSC are. 

This control signals that are seen as UPFC inputs. Here we considered two 

forms of linearized power network model for tiny signal strength for our 

examination and one UPFC dynamic model for exploring impact over network 

uncertain. Here we should accept the transient impact, and the UPFC 

transformer opposition is zero for the strength study[4][9]. UPFC 's dynamic 

conditions read as follows. 
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4. Power System Stabilizer (PSS) 

Providing the generator rotor with additional damping to rotor windings is an 

economical that a power network. Traditional PSS provides additional 
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controllers for the excitation device [3]. Vs to the exciter the output of the PSS 

the rotor 's frequency, as shown in Figure 3. The model for traditional power 

system stabilisers is as follows: The implemented PSS consists of three main 

functional components as shown in Figure 3: 

 

 
Figure 3 Conventional Power System Stabilizer 

 

A. The Washout Network  

The bias at the output of the PSS can be  removed by using a washout network 

[1]. The PSS only acts on the input signal's transient variations. However it 

does not bring in to action when DC offsets are signal. The DC offset by 

removing the low-frequency components from the input signal (especially by 

using a low-pass filter. Therefore, washout networks high-pass filters that 

transfer all significant frequencies. The device being examined is understood to 

be of a local mode type, and thus Tw value is put within range 1 and 2. 

 

B. Gain of Power System Stabilizer: 

The Gain is simply the power system stabilizer’s proportional gain.  

 

C. The Dynamic Compensator, Lead –Lag (LL) Compensation: 

The Dynamic Compensator is the last procedure contained inside the PSS. LL 

stages job of change, appeared in Figure 6. The LL angular velocity of rotor 

shaft and uses sign of the control signal [3]. The time constants of the LL: T1 

and T2 were allocated qualities with the end goal that the general closed loop of 

the Heffron–Phillips model and UPFC at a fixed working point are steady PSS 

recollected for the feedback loop. Figure 4 describes compensator tuning 

framework. 

 

D. Tuning of PSS: 

With the above information of Power System Stabilizers, the following values 

have been allocated. 

INPUT 

OUTPUT 
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Figure 4 Power System Stabilizer includes UPFC 

 

5. Fuzzy Logic Controller (LFC) 

To give a stabilizer signal, the yield of the power network model reference got 

is contrasted with the yield of the active power network, and the error signal is 

taken care of to a fuzzy controller [5]. The fuzzy controller delivers a stabilizer 

sign to pack out motions in the power establish. Figure 5. Shows proposed 

fuzzy controller square outline. What's more, fuzzy controller is one of the 

fuzzy set hypothesis' most impressive tasks; its principle highlights are the 

utilization of semantic factors contrasted with numerical factors. Procedure 

human competency to comprehend productivity of the framework and is 

centered around rules directing quality control. Fuzzy controller gives a basic 

strategy to arrive at a clear resolution dependent on data that is vague, unsure, 

mistaken, loud, or lost. 

 
Figure 5 Basic structure of Fuzzy Controller 
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Insights about incorrectness, disturbance, or missing data. FLC marks away at 

the guideline of basic comprehension of an individual's network conduct and 

basic standard based “In the event that “x” and “y”, at that point “z,” this 

standard base is again characterized by membership functions FLC with proper 

membership rule functions for improving network execution [7][8][9]. Figure 6 

shows the UPFC with fuzzy control. 

 

i) Fuzzyfication is a method or mechanism where the input data can be 

transformed into a linguistic variable. 

ii) A Knowledge Base with the necessary linguistic database. 

a) Set rule definitions and controls. 

iii) A Defuzzyfication interface that result in a non-fuzzy following an 

incidental fluid control action. 

iv) Theory provides a medium where fuzzy rational behavior base can be put 

together component and human decision-making process to make the 

correct decision.  

 

Define abbreviations and acronyms the first time they are used in the text, even 

after they have been defined in the abstract. Abbreviations such as IEEE, SI, 

MKS, CGS, sc, dc, and rms do not have to be defined. Do not use 

abbreviations in the title or heads unless they are unavoidable. 

 
Figure 6 UPFC with FLC 

 

A. Fuzzy Logic controller parameters: -  

 Fuzzy logic controller structure: 

 
Figure 7 General fuzzy Controlled structure for MMPS 

 

 Input and output membership functions: 
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Figure 8 Membership function associated with the MMPS 
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 The Rule Base Associated for this Modelling: 

 
 

 Hybrid Fuzzy Logic Controller 

It consolidates ordinary FLC with a regular PI controller. The interior design 

hybrid fuzzy based controller appeared in Figure 9 is equivalent to the 

conventional fuzzy controller. 

 
Figure 9 Hybrid Fuzzy Controller Structure for MMPS 

 

6. Simulation Results and Discussion 

Figure 10 and 11 shows the dynamical model with UPFC. 

 
Figure 10 Two Area network associated with UPFC [10] 
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Figure 11 Single line Block Diagram Representation for UPFC and Two-Area 

Network [11]. 

 

A. The K-constants of some major MMPS:  

 The recreation model yield is taken as a speed deviation (∆ω) angle deviation 

(∆δ). Accordingly, utilizing multi-machine organize, the accompanying 

reaction speed deviation (∆ω) and angle deviation (∆δ) the recreation model. 

For 10 seconds time frame, the simulation cycle is carried [4]. From the above 

examination with MMPS associated with UPFC, PSS and furthermore FLC, 

simulation results, it is inferred that by utilizing fuzzy controller with just 7.2s 

and 3s, we can viably moist out low recurrence oscillations, in this manner 

expanding the network soundness. Figure 12 and Table 1 incorporate an 

examination investigation with hybrid fuzzy controllers against different 

controllers. 
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(a) 

 
(b) 

Figure 12 Comparison of Stability Analysis of proposed controller with 

different fuzzy controllers  
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B. Results Comparison: 

CONTROLLERS 
No 

UPFC 

WITH 

UPFC 

UPFC 

WITH 

PSS 

FUZZY UPFC 

CONTROLLE

R 

HYBRID FUZZY 

UPFC 

CONTROLLER 

Stability Time 

(speed) 

Infinite 20 sec 11 sec 7.2 sec 3.0 sec 

Stability Time 

(angle) 

Infinite 23 sec 12 sec 7.3 sec 2.9 sec 

Table 1 Comparison of Stability Analysis of Proposed Controller with different 

fuzzy controllers 

 

7. Conclusion and Future Scope 

 

A. Outcome of the research 

A short discussion is being held with respect to a framework's LFO and low 

signal accuracy. A direct Haffron-Philips model is thought of and the 

framework’s dynamic conduct has been inspected utilizing different 

controllers, for example, UPFC with power framework stabilizer, regular 

Fluffy rationale controller, fuzzy logic controller to limit the adjustment in 

excitation and mechanical information. The figure shows that the arranged half 

breed fuzzy logic UPFC controllers essentially hose the swaying of the force 

framework contrasted with the traditional fuzzy regulated UPFC.  

 

B. Future Scope of the research 

These proposed controllers can be applied to some other realities framework 

with a calculation of tuning for example ANN, Hereditary Calculation, and 

fuzzy logic. In the future, a Case controller dependent on Fluffy rationale will 

be intended to control the UPFC for motions of the force framework. We can 

likewise improve our activities from the MMPS framework to online unique 

boundary strength examines. 

 

References 

Zarghami M, Crow ML, Sarangapani J, Liu Y, Atcitty S. A novel approach to 

interarea oscillation damping by unified power flow controllers utilizing 

ultracapacitors. IEEE Transactions on Power Systems. (2010) Jan 

22;25(1):404-12. 

Saadat, Hadi. Power system analysis. WCB/McGraw-Hill, 1999. 

Sharma, Ruchi, Mahendra Kumar, and Kota Solomon Raju. "Improvement 

Power System Stability Using Different Controller in SMIB System." 

In Proceedings of First International Conference on Information and 

Communication Technology for Intelligent Systems: Volume 1, pp. 

517-529. Springer, Cham, 2016.  

H. F. Wang, F. J. Swift, “A Unified Model for the Analysis of FACTS Devices 

in Damping Power System Oscillations Part I: Single-machine Infinite-

bus Power Systems,” IEEE Transactions on Power Delivery, Vol. 12, 

No. 2, April, (1997), pp. 941-946. 



PJAEE, 17 (9) (2020) 

 

2198 

Taher, Seyed Abbas, Reza Hematti, and Ali Abdolalipor. "Low frequency 

oscillation damping by UPFC with a robust Fuzzy supplementary 

controller." Int. J. of Elec. Power Eng 2 (2008): 314-320. 

Eldamaty, A.A., Faried, S.O. and Aboreshaid, S., 2005, May. Damping power 

system oscillations using a fuzzy logic based unified power flow 

controller. In Canadian Conference on Electrical and Computer 

Engineering, (2005). (pp. 1950-1953). IEEE.  

Adware, R. H., P. P. Jagtap, and J. B. Helonde. "Power system oscillations 

damping using UPFC damping controller." In 2010 3rd International 

Conference on Emerging Trends in Engineering and Technology, pp. 

340-344. IEEE, (2010).  

Bigdeli, N., E. Ghanbaryan, and K. Afshar. "Low frequency oscillations 

suppression via CPSO based damping controller." (2013): 22-32. 

Manrai, Rajan, Rintu Khanna, Balwinder Singh, and Pooja Manrai. "Power 

system stability using fuzzy logic based unified power flow controller 

in SMIB power system." In 2012 International Conference on Power, 

Signals, Controls and Computation, pp. 1-4. IEEE, (2012). 

Pandey, R. K., and N. K. Singh. "An analytical approach for control design of 

UPFC." In 2008 Joint International Conference on Power System 

Technology and IEEE Power India Conference, pp. 1-6. IEEE, (2008). 

Tiwari, Sheela, Ram Naresh, and Rameshwar Jha. "Comparative study of 

backpropagation algorithms in neural network based identification of 

power system." International Journal of Computer Science & 

Information Technology 5, no. 4 (2013): 93. 

Rao, Ch Krishna, K. B. M. Sahu, S. Yellampalli, and B. B. Rao. "Performance 

of a fuzzy logic based AVR in SMIB, MMIB system and power flow 

control using SSSC and IPFC." Int. J. Eng. Res. Appl 2, no. 1 (2012): 

260-268. 

Demello, Francisco P., and Charles Concordia. "Concepts of synchronous 

machine stability as affected by excitation control." IEEE Transactions 

on power apparatus and systems 88, no. 4 (1969): 316-329. 

 


	Multi Machine Power System Stability Advancement Using UPFC Power Controller
	Dr. Sudhansu Kumar Samal
	Electrical and Engineering Department, Centurion University of Technology and Management, Odisha, India E-mail: sudhansu.samal@cutm.ac.in

