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Abstract-- The paper presents the novel approach for detection 

of subsynchronous resonance phenomenon SSR in a series 

compensated transmission system. The presented method is 

designed to detect subsynchronous resonance frequency and 

amplitude in very short time to prevent the failure of 

transmission systems, which can likely happen if the 

subsynchronous resonance amplitude will not be mitigated 

quickly enough. The specific signal demodulation of AC current 

measurement was introduced in order to detect the 

subsynchronous resonance. The algorithm was investigated with 

the use of different test cases- based on IEEE second benchmark 

model of subsynchronous resonance. The results of calculations 

indicate that the presented concept is an adequate proposition for 

detection of subsynchronous frequencies. 
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I.  INTRODUCTION 

ERIES capacitors are commonly used in the high voltage 

transmission systems to assure reactive power 

compensation. However, presence of series compensation can 

cause the effect of subsynchronous resonance phenomenon 

(SSR). In general, the subsynchronous resonance phenomenon 

occurs in electrical power systems as a result of the interaction 

of a turbine-generator with a long-distance series compensated 

transmission line [1]. There is a condition of an electrical 

power system where electrical networks exchange energy with 

the mechanical system of the generator at frequencies less than 

the nominal frequency of the transmission line (50 Hz for 

Europe). According to [1] such frequency is within 15 % to 90 

% of nominal network frequency.  

There are three known reasons for the appearance of the SSR 

phenomenon: 

- Induction generator effect – Self excitation of voltages 

and currents would be expected when the rotating 

magnetic field produced by the subsynchronous 

armature currents circles slower than the rotor. In such 

cases the rotor resistance to subsynchronous currents 

viewed from the armature terminals is negative and 

exceeds the sum of the armature and network 

resistances. Such a phenomenon is known in the 

literature as the induction generator effect [4], [9]. 

- Torsional interaction – If the frequency of the 
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produced voltage component is close to the network 

natural frequency, there is a possibility of the 

generator natural mechanical frequency excitation. 

This mechanical frequency is visible in voltage as a 

modulation of the nominal line frequency [4], [9], 

[11]. 

- Torque amplification (transient torques) – The torque 

amplification effect can be caused by a three-phase to 

ground fault [3], [9]. 

The first two reasons are due to steady state disturbances 

while the third one is excited by transient disturbances [8]. 

Low resonance frequency causes a serious problem in on-

line detection of the SSR. Therefore to detect such frequency 

using typical signal analysis method (like Fast Fourier 

Transform) there is a need to have long (in time domain) 

signal. On the other hand the longer it takes to acquire the 

signal the bigger the delay in the response time. Also to take 

an adequate action it is essential to know the trend of the 

subsynchronous amplitude. In the case of growing amplitude it 

is necessary to take  preventive actions. 

There are several methods known from literature [3], [5] 

[6], [7], [8], [10] for the SSR detection. The disadvantage of 

those methods is the presence of a time delay between the 

appearance of the subsynchronous resonance phenomenon and 

its detection. This time delay may be too long for SSR 

frequency detection, which may result in damage to the shaft 

or maloperation of the transmission line protection relay. 

Therefore, this paper presents a novel approach for detection 

of the SSR phenomenon in very short time.  

II.  ALGORITHM DESCRIPTION 

The main idea of the algorithm is on-line analysis of 

voltage signals. As a result the algorithm gives the amplitude 

and frequency of the subsynchronous resonance. In figure 

(Fig. 1.) there is the scheme of the algorithm. 

This algorithm contains three main parts: 

- Demodulation block - this block is responsible for 

creation of specific demodulation based on upper and 

lower signal envelope, which is sent for further 

analysis.  

- Analysis block - this block is responsible for 

frequency analysis of the signal after demodulation.  

- Decision block - this block is responsible for deciding 

whether subsynchronous resonances appear in the 

signal or not. 

A.  Demodulation block. 

The idea of demodulation is to find the upper and lower 

envelopes of the voltage signal and to subtract them from each 
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other. To find the envelope, first the zero crossings are 

identified. Always there are two types of zero crossings. One 

of them is when the signal value is increasing – positive zero 

crossing, the other when the signal value is decreasing – 

negative zero crossing. 
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Fig. 1.  Scheme of SSR detection algorithm 

 

A positive zero crossing is detected when the signal 

changes its value from negative to positive and when this 

value is above the positive hysteresis value (established as a 

parameter). A negative zero crossing is detected when the 

signal changes its value from positive to negative and when its 

value is below the negative hysteresis. In the presented 

method the absolute values of positive and negative hystereses 

are equal. The hystereses are established in order to avoid 

spurious zero crossings caused by noise, which always appears 

in signals collected from real electrical power systems.  
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Fig. 2.  Visualization of upper and lower envelop 

 

After finding the first zero crossing point, which can be 

positive or negative, the next zero crossing point, which is 

negative or positive respectively, is found. The time interval 

between these zero crossing points is determined as the 

interval for calculating the positive part      and the negative 

part     . The sequence of maxima from each interval      is 

creating the upper envelope     of voltage signal. The 

sequence of minima from each interval      is creating the 

lower envelope      of the voltage signal. Such envelopes are 

presented in figure (Fig. 2.) as lines when in fact there are 

discrete points (one for one nominal line period). 

 

Demodulated signal      is created by simple operation: 

 1lowupdem EEU   

where     is the upper envelope of voltage signal amplitude, 

     is the lower envelope of voltage signal amplitude. 

B.  Analysis block. 

In this block the demodulated signal      is analyzed. For 

the case of a sinusoidal shape of the line voltage waveform 

with no subsynchronous frequency such demodulated signal 

should be a constant line. However, if additional low 

frequency appears, then it is visible in the demodulated signal 

as     . (Fig. 3.).  
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Fig. 3.  Voltage signal after demodulation 

 

In the presented method the Fast Fourier Transformation is 

calculated from demodulated signal. FFT analysis of 

demodulated signal      gives amplitudes and frequencies of 

SSR contained in the original voltage signal. Figure (Fig. 4.) 

presents an example of demodulated signal FFT result. 
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Fig. 4.  FFT of demodulated signal with dominant SSR 

frequency 

 

It is possible to notice that SSR frequency is the dominant 

one in the whole spectrum range. However, it is very 

important to detect the SSR frequency in the shortest possible 

time. Reducing the length of the analyzed signal results in 

deterioration of FFT results. The resolution of FFT is a 

function of signal length and the sampling frequency. 

Inaccurate amplitude and frequency values of the candidate 

for      may be obtained, if the peak value and location are 

taken from the discrete highest spectral element. There are 

many known methods which can be used to improve the FFT 

results [12]-[17]. In the presented approach the accuracy of 

amplitude and frequency calculations is improved by adding 

to the highest spectral element corrections of amplitude and 

frequency based on a specific interpolation using ratios 

involving three samples around the FFT output peak.  

The result of the analysis block is the maximum 

amplitude and corresponding frequency of the signal after 

demodulation.  

C.  Decision block. 

The decision block determines whether obtained       
frequency and respective amplitude can be considered as SSR. 

Figure (Fig. 5.) present the structure of the decision block. 

First the highest peak is removed from the spectrum of 

demodulated signal. Then the mean value of the FFT is 

calculated. The mean value is compared with the highest peak. 

Its frequency is considered as candidate for SSR if the 

difference between the highest peak and the mean value is 

higher than a specified threshold value (which is an input 

parameter). 

Then it is checked if the candidate for SSR frequency      is 
within 15 % to 90 % of the nominal line frequency. If this 

condition is fulfilled than it is decreed that the SSR is present 

in measured voltage signal. In this case the result of algorithm 

is the      frequency and its amplitude. If the distance between 

mean and highest peak value is not exceeding the threshold or 

the corresponding frequency is not in the range of 15 % to 90 

% of nominal line it is decreed that no SSR has been detected. 

In such case the algorithm returns zero for the amplitude and 

the frequency of SSR. 
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Fig. 5.  Scheme of decision block 

 

III.  NUMERICAL CALCULATION 

IEEE second benchmark model of subsynchronous 

resonance [2] is a well known and commonly use model of 

series-compensated transmission system for study of 

subsynchronous resonance phenomena. Therefore, the 

discussed SSR detection algorithm has been evaluated with 

using the input data obtained from Matlab Simuling second 

benchmark model of power network containing the 500 kV, 

series compensated transmission line [17].  

Signal is generated by the model and the SSR detection 

algorithm is taking the signal for on-line analysis at discrete 

points in time. The length of signal taken to analysis is 0.2 s. 

This length determines the maximum delay between the SSR 

appearance and its detection.  

Frequency sampling was set to 1 kHz in all simulations, 



which is a commonly used value in protection of the power 

systems. Decreasing the sampling frequency could result in 

incorrect estimation of the sequence of maxima and minima 

from each interval      and     , which would lead to poor 

quality results. In such case the shape of each interval      

and      can be interpolated by any known technique 

(order>1). From the interpolated signals it is possible to find 

the sequence of maxima and minima. By increasing the 

sampling frequency, the maxima and minima can be identified 

with higher accuracy. Since the number of samples in the 

signal envelopes is not affected, the computation time will not 

increase significantly. 

To test the induction generator effect, initial difference 

between generator rotor position and the rotating magnetic 

field was set to 2 . In standard synchronous machines the 

difference between positions of magnetic field and rotor is 

equal to zero. Fig. 6. shows the results of SSR frequency and 

amplitude determination in the case of induction generator 

effect simulation. 

 
Fig. 6.  Simulation of induction generator effect. Example of one phase of 

demodulated signal [V], amplitude response of algorithm [V] and frequency 

response of algorithm [Hz] respectively. 

 

As seen in (Fig. 6.) the algorithm detects the SSR after 0.2 s, 

which is exactly the value of the window length. However, in 

the original voltage signal (not presented here) it is hard to 

notice any significant changes. The detected amplitude is 

gradually increasing while the frequency is equal to 37 Hz and 

its constant for all simulation time – matching the SSR of the 

simulated test case.  

To test the torsional interaction, the generator’s rotor speed 

was distorted with certain additional frequency corresponding 

to the SSR frequency. Figure (Fig. 7.) presents the results of 

SSR frequency and amplitude determination in the case of 

induction torsional interaction simulation.  

The subsynchronous frequency was detected by the 

algorithm in 0.2 s, which is exactly the value of the window 

length. Like in the previous case, it is hard to notice any 

significant changes in the original voltage signal (not 

presented here). The amplitude and frequency for SSR in this 

case remain constant for the whole simulation length. The 

frequency is equal to 37 Hz, matching the SSR of the 

simulated test case. 

 
Fig. 7.  Simulation of torsional interaction effect. Example of one phase of 

demodulated signal [V], amplitude response of algorithm [V] and frequency 

response of algorithm [Hz] respectively. 

 

The torque amplification effect was generated by a 3-phase 

to ground fault. The fault has occured at 0.15 s of simulation 

and disappeared after 0.01 s. Fig. 8. presents results of SSR 

frequency and amplitude determination in the case of torque 

amplification effect simulation. 

The SSR appears in the signal after 0.15 s via a 3-phase to 

ground fault. The algorithm detected it in 0.2 s which means 

that the delay is equal to 0.05 s. At first the detected amplitude 

(due to the phase-to-ground fault) is very high, then it rapidly 

decreases and after 1 s of simulation it starts to increase. The 

detected frequency is equal to 37 Hz for all of the simulation 

time, which corresponds to the SSR of the simulated test case. 
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Due to the small amplitude of SSR in the simulation it is 

hard to notice any changes in time domain voltage signal 

(similarly to the case presented in Fig. 3). However, it is easy 

to notice signal changes after demodulation.  

In order to investigate the accuracy of the method 

proposed, all simulations where carried out for an ideal model 

of the VT’s. In further steps the research should include the 

impact of the VT’s response, which will require a detailed 

model of VT’s, especially the magnetization characteristics 

shape.  

 
Fig. 8.  Simulation of torque amplification effect. Example of one phase of 

demodulated signal [V], amplitude response of algorithm [V] and frequency 
response of algorithm [Hz] respectively. 

IV.  CONCLUSIONS 

This paper presents a novel technique for detecting a 

subsynchronous resonance phenomenon in a transmission 

system. The suggested algorithm is based on the measurement 

of phase voltages. The main identification procedure utilizes 

relations between the upper and the lower envelope of the 

measured voltage signal.  

This specific demodulation process is characterized by 

filtering out all signal components of frequencies equal to and 

higher than the nominal line frequency. Due to its character 

such demodulated signal is easy to analyze for SSR detection, 

for example by Fast Fourier Transform.  

The results show that the presented method has the ability 

to detect the appearance of the SSR within 0.2 s. In order to 

detect SSR faster it is possible to add window overlapping and 

to perform analysis over shorter time periods. Detected 

amplitudes and frequencies correspond to the simulated SSR 

in all cases. 

Calculation results indicate that the presented concept is an 

adequate proposition for the detection of subsynchronous 

frequencies and can be applied to a real system.  
 

V.  REFERENCES 

[1] P.M Anderson, “Power System Protection,” Wiley-IEEE Press Nov 25 
1998, pages 1330. 

[2] R.G. Farmer “Second benchmark model for computer simulation of 
subsynchronous resonance IEEE,” Subsynchronous Resonance 
Working Group of the Dynamic System Performance Subcommittee 
Power System Engineering Committee, IEEE Power Engineering 
Review, Vol. 5, May 1985, pp. 34 – 34. 

[3] N. Yousif, M. Al-Dabbagh, “Subsynchronous Resonance Damping in 
Interconnected Power Systems,”  

[4] K. Kabiri H.W. Dommel S. Henschel, “A Simplified System for 
Subsynchronous Resonance Studies,”  

[5] A. H. Nayfeh, A. Harb, C. M. Chin, A. M. Hamdan, L. Mili, “A 
bifurcation analysis of subsynchronous oscillations in power systems,” 
Elsevier, Electric Power Systems Research, Vol. 47, Issue 1, October 
1998, pp. 21-28. 

[6] O. M. Neto, D. C. Macdonald, “Analysis of subsynchronous 
resonance in a multi-machine power system using series 
compensation,” Elsevier, International Journal of Electrical Power & 
Energy Systems, Vol. 28, Issue 8, October 2006, pp. 565-569. 

[7] M. Bongiorno, J. Svensson, L. Ängquist, “Online Estimation of 
Subsynchronous Voltage Components in Power Systems,” IEEE 
Transactions on Power Delivery, Vol. 23, Issue 1, Jan. 2008, 
pp. 410 – 418. 

[8] C. S. Yu, “A Reiterative DFT to Damp Decaying DC and 
Subsynchronous Frequency Components in Fault Current,” IEEE 
Transactions on Power Delivery, Vol. 21, Issue 4. Oct. 2006,pp 
1862+1870. 

[9] S. R. Puchalapalli, R. G. Farmer, G. G. Karady, J Hernandez, “Z-Bus 
Based Frequency Scanning Program for Sub-Synchronous Resonance 
Screening,” Power Tech, 2007 IEEE Lausanne, pp 149- 154. 

[10] E. Gustafson, A. Åberg, K. J. Åström, “Subsynchronous resonance a 
controller or active damping,” Proceedings of the 4th IEEE 
Conference on Control Applications, 1995, pp 389-394.  

[11] R.G. Farmer, “Proposed terms ad definitions for subsynchronous 
oscillations,” IEEE Subsynchronous Resonance Working Group of the 
System Dynamic Performance Subcommittee Power System 
Engineering Committee, IEEE Transactions on Power Apparatus and 
Systems, March 1980, pp. 506 – 511. 

[12] B. G. Quinn, "Estimating Frequency by Interpolation Using Fourier 
Coefficients," IEEE Trans. Signal Processing, Vol. 42, May 1994, pp. 
1264-1268. 

[13] B. G. Quinn, P. J. Kootsookos, "Threshold Behaviour of the 
Maximum LikelihoodEstimator of Frequency," IEEE Transactions on 
Signal Processing, Vol. 42, 1994 November, pp. 3291-3294. 

[14] B. G. Quinn, P. J. Kootsookos, "Threshold Behaviour of the 
Maximum LikelihoodEstimator of Frequency," IEEE Transactions on 
Signal Processing, Vol. 42, 1994 November, pp. 3291-3294. 

[15] T. Grandke, "Interpolation Algorithms for Discrete Fourier 
Transforms of Weighted Signals," IEEE Transactions on 
Instrumentation and Measurement, Vol. IM-32, June 1983, pp. 350-
355. 

[16] V.K. Jain, W. L Collins,   D. C. Davis, "High-Accuracy Analog 
Measurements via Interpolated FFT," IEEE Transactions on 
Instrumentation and Measurement, Vol. 28, June 1979, pp. 113-122. 

[17] D. C. Rife and R. R. Boorstyn, "Single-Tone Parameter Estimation 
from Discrete-Time Observations," IEEE Transactions on Information 
Theory, Volume IT-20, September 1974, pp. 591-598. 

[18] Mathworks, “Steam Turbine and Governor Blocks,” 
SimPowerSystems tutorial. 

 

0 1 2 3 4 5

-0.04

-0.02

0

0.02

0.04

Time [s]

D
e
m

o
d
u
la

te
d
 s

ig
n
a
l 
[V

]

0 1 2 3 4 5
0

0.05

0.1

0.15

0.2

Time [s]

A
m

p
lit

u
d
e
 [

V
]

0 1 2 3 4 5
0

10

20

30

40

Time [s]

F
re

q
u
e
n
c
y
 [

H
z
]


