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Abstract—Modal resonance occurring in the power system is a 
rare phenomenon, which has come into existence due to 
increasing complexity of the system. The power system is 
nonlinear in nature. Eigenvalue analysis is done for 
understanding the behavior of the system. Modal resonance is 
observed in power system when two eigenvalues of frequencies 
move very near to each other and collide. This results in either 
weak or strong resonance. In resonance condition, one of the 
modes exhibit a negative damping while the other exhibit 
positive damping. The negatively damped mode may result in 
system instability. This paper presents a practical case of modal 
resonance observed in Indian Power system. This phenomenon 
was analyzed with the help of synchronized  measurements from 
the PMUs installed in the grid. The synchrophasor data was 
analyzed using Matrix Pencil Method for finding the eigenvalues 
corresponding to low frequency oscillation, and their damping 
during the observed frame. 

Index Terms—Low Frequency Oscillations, Matrix Pencil 
Method, Modal resonance, Phasor Measurement Units. Strong 
resonance, Weak resonance,  

I. INTRODUCTION  
North Eastern Regional Load Despatch Centre 

(NERLDC) is the apex body to ensure integrated operation of 
the North-East regional grid of India as mandated by the 
Electricity Act 2003. NERLDC supervises the activities of 
seven states and eight Inter–state generating stations (ISGS) 
of North-Eastern grid. The real time operator at the Regional 

load Despatch Centre (RLDC) has to respond to the 
contingencies in real time in quickest possible way to 
minimize the adverse effects on the grid.   

Earlier the information available to the load dispatcher 
(grid operator) in real time was restricted to data obtained 
from SCADA/EMS systems, which have an update rate of 
more than 10 seconds. This has limited the visualization of 
intrinsic properties of the power system. Operators were only 
able to detect the steady state problems in real time. 
Introduction of Phasor measurement Units (PMUs) has given 
the operator a platform to observe the grid dynamics in real 
time. 

LFOs are categorized under small signal stability, which 
occur due to insufficient damping torque.. If there are N 
generators in a system, then total number of such LFO modes 
would be N-1. Most of these oscillatory modes are well 
damped in normal conditions. However, some of the modes 
get excited due to any small disturbance or spontaneously 
with load/generation change in the system  resulting in 
negative /close to zero damping and is observed in power 
system parameters like rotor velocity, rotor angle, voltage, 
currents, power flow, frequency etc.  

LFOs in power system can be analyzed either with 
eigenvalue analysis with real time measurement of some 
parameters using signal processing techniques or through 
offline simulation with complete modelling of power system 
elements. These eigenvalues are associated with various 



states in power system and with the sma
system parameter, these eigenvalues  
sometimes come very close to each oth
resonance, which in turn results in instability

This paper describes the modal resonan
case study where actual modal resonance 
NER Grid. Section II of the paper describe
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gives an overview of the Case study w
discusses the analysis and results. In section
and effect in view of the case study is
remedial actions and suggestions to imp
system stability have been given in Section
concludes the paper. 
 

II. LOW FREQUENCY OSCILLATIONS 
RESONANCE  

Small signal instability in power system is
insufficient damping torque, which results
frequency electromechanical oscillations in
During Low Frequency oscillations, ki
exchanged between synchronous generato
connected system through tie lines. Most of
modes are well damped during normal cond
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resonance while figure 2 describes a 
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Figure 2.  Modal interaction during in practi
in real power system. 
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Figure 3.  Location of PMUs and PDC in North-East
India 

At 23:35:07 Hrs, one 63 MVAR Bus-Re
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Figure 7.  Mode shape of 1.0058 Hz observed 

With the analysis of Event 1 using the movin
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TABLE I.  MODES OBSERVED DURING THE FOUR E
PENCIL ANALYSIS 

Event 
No 

Mode 
Frequency 

(Hz) 

Mode 
Damping (%) 

1 1.0058 0.0171 

2 1.0074 -0.1038 
2.0156 -0.0929 

3 

0.9958 1.4589 
0.9729 -0.1670 
1.9470 -0.1909 
1.9774 0.4950 

4 

0.9627 0.9109 
0.9964 -0.1357 
1.9637 0.1785 
1.9164 0.9092 

 

Further it can be observed that not only th
occurred between the inter-plant modes, it 
the intra-plant modes.  

To verify the Matrix pencil results, F
performed on the Imphal positive sequence v

Figure 11.  FFT analysis showing the Inter-p

Figure 12.  FFT analysis showing the Intra-p

nd 0.97 Hz modes 
wo, one is having 
amping and their 
With the tripping 
ping of the modes  
d drastically.. 

EVENTS FROM MATRIX 

Relative 
Energy 

0.1033 
0.2455 
0.0214 
0.6203 
0.2851 
0.0685 
0.2826 
0.6157 
0.0373 
0.1578 
1.0167 

he resonance has 
 also appeared in 

FFT analysis was 
voltage signal. 

 
plant modes 

 
plant modes 

From the figure 11, it can be observe
1.0 Hz signals amplitude are 
exponentially at the starting of even
and 2.0 Hz signals are there in th
figure 12 which verifies the presence
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performance in the system and will add to increased damping 
in the system. 

VII. CONCLUSION 
In this paper, a practical case of modal resonance of interplant 
and intra plant modes was discussed. In addition, the case 
study emphasized the severe impact of modal resonance on 
any power system and the instability arising out of it. The 
dynamic reactive power support has also come out as a 
possible solution to reduce incidences of such a catastrophic 
effect as just a small switching incident gave rise to growing 
oscillations. 
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