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Power Swing Detection Using rms Current Measurements 
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Abstract – During a power swing, distance relays may mistakenly spread fault throughout the power 
grid, causing a great deal of damage. In some cases, such mistakes can cause global outages. For this 
reason, it is critical to make a distinction between power swings and faults in distance relays. In this 
paper, a new method is proposed based on RMS measurement to differentiate between faults and 
power swings. The proposed method was tested on two standard grids, demonstrating its capability in 
detecting a power swing and simultaneous fault with power swing. This method required no specific 
configurations, and was independent of grid type and zoning type of distance relays. This feature in 
practice allows the relay to be installed on any grid with any kind of coordination. In protective relays, 
the calculations applied to the microprocessor is of great importance. Distance relays are constantly 
calculating the current RMS values for protection purposes. This mitigates the computations in the 
microprocessor to detect power swings. The proposed method was able to differentiate between a fault 
and a power swing. Furthermore, it managed to detect faults occurring simultaneously with power 
swings. 
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1. Introduction 
 
The values of transient faults in a power grid are 

constantly increasing. One such fault is a swing, which 
may arise due to a sudden turbulence or any other variation 
in demand, short circuit, excessive discharge, or reclosing 
in three phases of a single line. In this type of variation, 
distance relays may push the visible impedance into the 
protective zone, causing an unplanned distance relay 
operation. It should be noted; however, that malfunction in 
distance relays can cause instability in the grid. Therefore, 
it is crucial to study power swing in grids, where relays 
should function in a way to prevent unexplained outages. 
Several techniques have been examined to block distance 
relays during a power swing. 

Blinder techniques and concentric characteristics have 
been proposed based on apparent impedance variations in 
[1, 2]. These methods require a great deal of offline stability 
to achieve the settings [3]. In addition, these methods do 
not respond to faults during the blocking period, and thus 
fail to differentiate between a rapid swing and a fault. In 
[4], a method is presented based on swing voltage center 
(svc). This method requires a long time to diagnosis, In 
addition, it is difficult to choose the right threshold. In [5], 
a wavelet transform method is proposed. This method 
requires a high sampling rate. In [6], energy extraction of 
high frequency components from front to back is 

investigated. The low DC method is presented in [7]  The 
support vector machine (SVM) learning techniques are 
presented in [8] and too the derivation of the Adaptive 
Neural-Fuzzy Inference System (ANFIS) is expressed in 
[9]. In despite of the quick response, these methods 
required a lot of offline simulations to train different fault 
rates and power swings and additionally, they need to be 
trained again, when the network undergoes changes. In 
[10], a method is presented to detecting three-phase fault 
during power swing that it’s based on transient monitoring. 
This method used of Window Averaging of Current Signal 
moving to detection power swing .It is fast and accurate in 
determining power swing, but it has complex calculations 
that make it difficult to implement it. [11] Describes a 
method based on the continuous impedance calculation that 
presented in [12]. To detection power swing a method 
presented based on prediction in [13] . Block the third zone 
(BTZ) method was presented in [14]. In [15], a new 
method was proposed to determine power swing based on 
superimposed components of the voltages magnitude to 
discriminate non-faulty conditions from fault events. 

RMS (voltage or current) is a value commonly used in 
power systems as an easy method for accessing and 
describing phenomena pertaining to power systems [16]. 
RMS values can be calculated each time a new sample is 
obtained. Generally speaking, however, these values are 
updated at each cycle or half-cycle [17]. In addition, these 
distance relays are constantly computing RMSs, which is 
why they occupy less memory than a microprocessor. 

In this paper, a new method is proposed to detect power 
swings through the RMS current measurement. The correct 
operation of this method on two standard system was 
explored through Digsilent and Matlab. 
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Fig. 1. Sampling method of alternating signals to calculate 

RMS current 
 
 

2. Calculation of RMS 
 
In the event of transient states, the calculated RMS will 

not provide the correct value of the new current state as 
long as the window in which RMS has been calculated 
completely includes new state samples. Although the 
variations are abrupt, it takes as long as a cycle for RMS to 
reach a new correct value [17]. The following is the easiest 
formula for calculating RMS [18]:  
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Which can be reformulated to calculate the current 

RMS: 
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In Formula (1), n is the total number of RMS window 

data. Fig. 1 shows how the alternating signal was sampled 
to calculate RMS. 

For the calculation of RMS in this paper, every half-
cycle was sampled. 

 
 

3. Power Swing Detection Method 
 
In the normal operating mode, a power grid’s current 

RMS value is a constant number with very slight variations. 
Fig. 2 shows the RMS values of a power grid in the normal 
operating mode.  

When a power swing occurs, the current RMSs change 
continuously in all three phases, but they change suddenly 
when a fault occurs. Fig. 3 shows the variations in RMS 
values during a power swing created after a fault. 

As shown in Fig. 4, after creating a transient fault in the 

power system, the current RMS values change without a 
specific pattern. This change is different from one fault to 
another. Moreover, there are no three-phase swings with an 
identical variation. According to Fig. 3, however, the 
power swing created in the current three-phase involves an 
identical variation. 

The RMS value is measured in each half cycle to 
determine power swing through RMS. Power swing will be 
detected if he RMS variations are identical in the three 
measured phases over one and a half cycle. 

After Zone 3 relay starts, the power swing is detected 

 
Fig. 2. RMS value of a power grid in normal operating 

mode 
 

 
Fig. 3. Changes in RMS value of a power grid during 

power swing 
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first by calculating the RMS value in each current phase. 
Then, the difference between two successive current RMS 
values is calculated by the following formula, which is a 
modified version of the formula proposed in [17]: 

 

 ( ) ( 1) ( )  for
1... 1

phase
rms rmsdi n I n I n

n L
= + -

= -
 (3) 

 
In the above formula, L represents the number of values 

in the current RMS. At the next stage, these values of RMS 
variations in each current phase should be identical. The 
variations are calculated through the following formula: 

 

 
( ) ( ) ( )phase a phase b phase cifdi di di

PSB True
= =

=
 (4) 

 
Fig. 5 illustrates the proposed algorithm for power swing 

detection. Whenever a fault detection unit in the distance 
relay finds an unusual state in the third zone, the new 
algorithm is activated to distinguish between a potential 
power swing and a fault. As previously stated, the relay 
detects whether a power swing has occurred or not after 
three half-cycles. For this reason, we first set the values 
of P and F to zero. P represents power swings and F 
represents faults. At the next stage, the RMS value is 
measured in a half-cycle. di is calculated for each phase 
and the condition of formula 4 is checked. If the condition 
is met, then the value of P is checked. If the value of P is 
greater than 3, power swing is detected. Otherwise, one is 
added to P, and the algorithm is restarted. If the condition 
of Formula 4 is not met, it will first be checked if F is 
greater than 10. If it was so, fault would be detected and 
the relay immediately issues a trip command. If power 

swing is detected in the relay, the algorithm will continue 
running as long as the fault is found in the third zone, so 
that the fault can be removed from the grid if it occurs 
simultaneously with power swing. 

In order to simultaneous detection of the fault and power 
swing, the algorithm utilizes RMS changes in the initial 
transient mode and steady state of the fault. In the single-
phase and two-phase faults, even after passing through the 
initial transient conditions, the power swing condition is 
violated, (Fig. 6 (a, b)). For this reason, the fault frequency 
and the initial transient time will not be affected in this 
two types of fault. However, in a balanced three phase fault 
after the initial transient of the fault, the condition of the 
power swing expressed in Eq. (4) remains, and if the 
fault frequency is high enough that the initial transient 
section is less than 100 ms, the algorithm will be 
misunderstood and the fault will not be detected, (Fig. 6 
(c)). To prevent such an event, a condition of power swing 
is added to the algorithm. As shown in Fig. 3, the RMS 
current value in the power swing is constantly changing, so 
the following condition is confirm in the power swing: 

 

 ( 1) ( ) 0 for
1... 1

rms rmsI n I n
n L

+ - ¹
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Fig. 4. Changes in RMS value of a power network during 

transient fault 
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Fig. 5. Power swing detection algorithm that using RMS 
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In a balanced three-phase fault, after the initial transient 
of the condition, the condition presented in Eq. (5) does 
not exist and the value of the equation is equal to zero. In 
this algorithm, if the condition of Eq. (4) is not confirmed, 
a fault is detected and if it is confirmed the second 
condition is checked, and if the second condition is not 
satisfied, the fault will be detected. 

As mentioned above, the algorithm detects the fault 
simultaneously with power swing after 100ms. Since the 
operation time of the backup relays in the second zone is 

300 ms and in the third zone is 600 ms, [19], this is a 
proper time and it prevents the being miscoordination in 
power network. 

 
 
4. The Effect of the Circuit Breaker’s Transient 

State on the Expressed Algorithm Analysis 
 
Opening the side-line circuit breaker causes occur a 

fault, create the transient state of the circuit breaker. This 

    
Fig. 6. (a) The RMS current value of single-phase fault. (b) The RMS current value of two-phase fault. (c) The RMS current 

value of three-phase fault 
 

 
Fig. 7. Circuit breaker transient 
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transient state may affect the power swing algorithm and 
cause the wrong detection of the fault. In Fig. 7, it can be 
seen that the RMS current of the circuit breaker is divided 
into three parts. The first and third sections that violate the 
condition of Eq. (4) are in principle less than 100 ms and 
will not have any effect on the algorithm. The second part, 
besides that, does not violate the initial condition of the 
power swing, as well as, because of the increase in the 
value of RMS, the second condition (Eq. (5)) will not be 
violated. According to the mentioned topics, the transient 
state caused by the circuit breaker trip will not cause 
incorrectly operation this algorithm. 

 
 

5. High Impedance Fault Analysis 
 
High impedance faults are generated from the collision 

of the conductors of the transmission lines to the trees or 
the earth and create a high resistance current path. The 
currents amplitude of the high impedance faults is lower 
than the nominal current of the system, which makes it 
hard to detect. Failure to detect these faults during the 
power swing can cause hazards such as fire and damage to 
the energy transmission equipment [20, 21]. 

Generally, the major feature of the high impedance faults 
is the low amplitude, the nature of the resistively, the 
nature of the randomness, and the occurrence of an arc 
during the fault. Fig. 8 shows the RMS current value of the 
single-phase, two-phase and three-phase high impedance 
fault. As you can see, the RMS current value of this kind of 
faults can split into 3 different sections. The first section is 
the moment of fault occurrence, which violates the initial 
condition according to the algorithm. The middle section 
does not violate the initial condition, but will violate the 
second condition. The third section, which is the second 
transient, will violate the initial condition. According to the 
mentioned above, the presented algorithm has the 
capability to detect high impedance fault simultaneously 
with the power swing. 

 
 
6. A Suddenly Load Increase in During Power 

Swing 
 
A suddenly increase in load can be considered with short 

circuit by a distance relay. When the load suddenly increases, 
the voltage and current will start to oscillation, which 
produces the state similar power swing. These oscillations 

   
Fig. 8. (a) RMS current of the high impedance single-phase fault; (b) RMS current of the high impedance two-phase fault; 

(c) RMS current of the high impedance three-phase fault. 
 

 
Fig. 9. Waveform after overload 
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themselves can enter the protective zones and if they are 
long time within the protective zones, can cause unwanted 
relay operation [22].  

Fig. 9 shows the RMS sample of current resulting 
suddenly increase in load. As can be seen, this increase is 
not suddenly and has a slight delay, which makes possible 
the initial condition of the power swing. As can be seen 
that due to the sudden increase in load, a power swing is 
created. The sudden increase in load is described as one of 
the main causes of power swing occurrence in [11]. For 
this reason, in continue does not affected on the algorithm 
and does not cause wrong operation of relay.  

 
 

7. Testing the newly proposed method 
 

7.1 Testing white power swing 
 
The proposed method was tested on a 9-bus WSCC, 60 

Hz, 230 kV system. Fig. 10 shows the standard 9-bus 
system in Digsilent. 

The distance relay is installed on Bus No. 8 of the grid. 
A fault is placed on Bus No. 4. To simulate a power swing. 
Once the fault is erased, a power swing is created and 
inserted into the third zone of the relay. The relay may 
inadvertently issue the Trip command unless it has 
previously been blocked. Fig. 11 shows the power swing 
viewed by the relay. 

When the relay starts, the power swing algorithm is 
initiated. The new algorithm blocks the relay cycle after 
one and a half cycle. Fig. 12 shows the relay's performance 
after one and a half cycle. It should be noted that the 

algorithm will continue running as long as the fault 
occurs in the third zone of the relay, so that the relay can be 
removed from the blocked state and cut off the deficient 
part in case a fault occurs simultaneous with power swing. 

 
7.2 Testing white simultaneous fault and power swing 

 
The two-area, Four-machine, 230 kV, 60 Hz system was 

employed to test the performance of the proposed method 

 
Fig. 10. The standard nine bus system in Digsilent 

 
Fig. 11. Power swing of relay sighted 
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in simultaneous fault and power swing. Fig. 13 shows the 
grid in Digsilent. 

This relay involved Bus No. 07, while line 07-08-01 was 
inserted for protection One 20% of line 07-08-02, a three-
phase short-circuit was embedded. This fault was applied 
to the grid within 0.5 seconds. After 200 milliseconds, the 
fault was resolved by breakers on two sides of the line. 

A short circuit was inserted within 3 seconds to create a 
fault simultaneous with power swing on relay Line 07-08-
01. Fig. 14 displays power swing and fault simultaneous 
with power swing viewed by the relay. 

As already mentioned, the power swing algorithm starts 

when the relay is initiated. The new algorithm blocks the 
relay after one and a half cycle. Afterwards, the relay 
keeps on functioning. It then removes the relay from the 
blocked state once the fault is applied to the grid, issuing 
the trip command immediately. Fig. 15 displays the relay 
performance. 

 
 
8. Comparing with the Conventional Industrial 

Method 
 
To illustrate the applicability of the proposed method, 

it is compared with the conventional industrial approach 
presented in [11, 23]. Tables 1 and 2 shows the results of 
testing the conventional industrial method and the 
mentioned method. As can be seen in Table 3 and 4, the 
conventional industrial algorithm detects the power swing 

 
Fig. 12. Power swing detection by relay 

 
Fig. 13. Two-area, four-machine power system in Digsilent 

 
Fig. 14. Power swing of relay sighted 
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in 100 ms, in the event that the proposed method detects 
the power swing in 30 ms. Also, the conventional industrial 
approach have the different operation against in different 
types of faults simultaneously with the power swing. The 
Figs. (16) and (17) shows the comparison of the proposed 
algorithm with the conventional industrial method. 

The low means that the fault current amplitude is less 
than the power swing amplitude. 

The high means that the fault current amplitude is more 
than the power swing amplitude. 

 
Fig. 16. Power swing detection 

 

 
Fig. 17. Fault detection 

 
 

9. Conclusion 
 
Power swing is a transient phenomenon that is caused by 

various reasons. Power swing may enter in distance relay 
zones and cause the relay to operate incorrectly. This 
wrong operation can cause the network to become unstable 
and as a result, create blackouts.  

In this paper, a new method for detecting the power 

 
Fig. 15. Power swing detection by relay 

Table 1. Results of testing the conventional industrial method 

Test type Current  
magnitude 

Power swing  
detection 

Fault detection test 
during power swing 

Time of power swing 
detection Time of fault detection 

Power swing - Yes - 103.8 - 
Single phase fault during power swing(1) Low Yes Yes 104.4 101.7 
Single phase fault during power swing(2) High Yes Yes 104.1 94 

3 phase fault during power swing(1) Low Yes Yes 107 126.6 
3 phase fault during power swing(2) High Yes Yes 104.1 120 

 
Table 2. Results of testing the mentioned method. 

Test Type Current  
magnitude 

Power swing 
detection 

Fault detection test 
during power swing 

Time of power swing 
detection 

Time of fault  
detection 

Power swing - Yes - 30 - 
Single phase fault during power swing(1) Low Yes Yes 30 100 
Single phase fault during power swing(2) High Yes Yes 30 100 

3 phase fault during power swing(1) Low Yes Yes 30 100 
3 phase fault during power swing(2) High Yes Yes 30 100 
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swing is expressed based on the rate of current RMS 
variation. The proposed method is compared with the 
conventional industrial method and it is shown that its 
performance is better. Among the benefits of the method 
described, can mention the following: 
1. Ability to fast detect the power swing. 
2. Ability to detect various types of faults simultaneously 

with power swing, including three-phase faults and 
power swing. 

3. Ability to detect of fast and slow power swings. 
4. The presented method is independent of network type 

and as can be seen, it has been tested in three different 
networks. 

5. The proposed method has high reliability. 
 

References 
 

[1] D. Tziouvaras and D. HOU, “Paper Out-ofstep 
protection fundamentals and advancements,” ed: 
USA, 2003. 

[2] H. Khoradshadi-Zadeh, “Evaluation and performance 
comparison of power swing detection algorithms,” in 
Power Engineering Society General Meeting, 2005. 
IEEE, 2005, pp. 1842-1848: IEEE. 

[3] P. J. Mooney and N. Fischer, “Application guidelines 
for power swing detection on transmission systems,” 
in Power Systems Conference: Advanced Metering, 
Protection, Control, Communication, and Distributed 
Resources, 2006. PS'06, 2006, pp. 159-168: IEEE. 

[4] B. Su et al., “Fast detector of symmetrical fault 
during power swing for distance relay,” in Power 
Engineering Society General Meeting, 2005. IEEE, 
2005, pp. 1836-1841: IEEE. 

[5] S. M. Brahma, “Distance relay with out-of-step 
blocking function using wavelet transform,” IEEE 
transactions on power delivery, vol. 22, no. 3, pp. 
1360-1366, 2007. 

[6] C. Pang and M. Kezunovic, “Fast distance relay 
scheme for detecting symmetrical fault during power 
swing,” IEEE Transactions on Power Delivery, vol. 
25, no. 4, pp. 2205-2212, 2010. 

[7] S. Lotfifard, J. Faiz, and M. Kezunovic, “Detection of 
symmetrical faults by distance relays during power 
swings,” IEEE transactions on power delivery, vol. 
25, no. 1, pp. 81-87, 2010. 

[8] K. Seethalekshmi, S. Singh, and S. Srivastava, “A 
classification approach using support vector machines 
to prevent distance relay maloperation under power 
swing and voltage instability,” IEEE Transactions on 
Power Delivery, vol. 27, no. 3, pp. 1124-1133, 2012. 

[9] H. K. Zadeh and Z. Li, “A novel power swing 
blocking scheme using adaptive neuro-fuzzy inference 
system,” Electric Power Systems Research, vol. 78, 
no. 7, pp. 1138-1146, 2008. 

[10] J. Khodaparast and M. Khederzadeh, “Three-phase 
fault detection during power swing by transient 

monitor,” IEEE Transactions on Power Systems, vol. 
30, no. 5, pp. 2558-2565, 2015. 

[11] J. Blumschein, Y. Yelgin, and M. Kereit, “Proper 
detection and treatment of power swing to reduce the 
risk of Blackouts,” in Electric Utility Deregulation 
and Restructuring and Power Technologies, 2008. 
DRPT 2008. Third International Conference on, 2008, 
pp. 2440-2446: IEEE. 

[12] A. Jurisch and M. Schwenke, “Method of deriving a 
signal indicating an oscillation in an electric power 
supply system,” ed: Google Patents, 2000. 

[13] A. K. Rao and A. Ahmad, “Power swing blocking 
(PSB) function for distance relay using prediction 
technique,” International Journal of System Assurance 
Engineering and Management, vol. 8, no. 2, pp. 301-
307, 2017. 

[14] D. Kang and R. Gokaraju, “A New Method for 
Blocking Third-Zone Distance Relays During Stable 
Power Swings,” IEEE Transactions on Power Delivery, 
vol. 31, no. 4, pp. 1836-1843, 2016. 

[15] M. S. Parniani, M. Sanaye-Pasand, and P. Jafarian, 
“A blocking scheme for enhancement of distance 
relay security under stressed system conditions,” 
International Journal of Electrical Power & Energy 
Systems, vol. 94, pp. 104-115, 2018. 

[16] D. L. Brooks, R. C. Dugan, M. Waclawiak, and A. 
Sundaram, “Indices for assessing utility distribution 
system RMS variation performance,” IEEE trans-
actions on power delivery, vol. 13, no. 1, pp. 254-259, 
1998. 

[17] E. Styvaktakis, M. H. Bollen, and I. Y. Gu, “Auto-
matic classification of power system events using 
rms voltage measurements,” in Power Engineering 
Society Summer Meeting, 2002 IEEE, 2002, vol. 2, 
pp. 824-829: IEEE. 

[18] N. Kagan et al., “Influence of rms variation measure-
ment protocols on electrical system performance 
indices for voltage sags and swells,” in Harmonics 
and Quality of Power, 2000. Proceedings. Ninth 
International Conference on, 2000, vol. 3, pp. 790-
795: IEEE. 

[19] M. Damborg, R. Ramaswami, S. Venkata, and J. 
Postforoosh, “Computer aided transmission protection 
system design part I: Alcorithms,” IEEE Transactions 
on Power Apparatus and Systems, no. 1, pp. 51-59, 
1984. 

[20] T. Lai, L. Snider, and E. Lo, “Wavelet transform 
based relay algorithm for the detection of stochastic 
high impedance faults,” Electric power systems 
research, vol. 76, no. 8, pp. 626-633, 2006. 

[21] T. Cui, X. Dong, Z. Bo, and S. Richards, “Integrated 
scheme for high impedance fault detection in MV 
distribution system,” in Transmission and Distri-
bution Conference and Exposition: Latin America, 
2008 IEEE/PES, 2008, pp. 1-6: IEEE. 

[22] A. H. A. Bakar, F. M. Yatim, S. Yusof, and M. R. 



Power Swing Detection Using rms Current Measurements 

 1840 │ J Electr Eng Technol.2018; 13(5): 1831-1840 

Othman, “Analysis of overload conditions in distance 
relay under severe system contingencies,” Inter-
national Journal of Electrical Power & Energy 
Systems, vol. 32, no. 5, pp. 345-350, 2010. 

[23] S. SIPROTEC, “Distance Protection 7SA522 V4. 
70,” instruction manual, 2011. 

 
 
 

Behrooz Taheri is a power system 
protection engineer in Qazvin Islamic 
Azad University. His main research 
interests include power system pro-
tection, power system transient, smart 
grid, and information technology. 

 
 

 
 

Farzad Razavi Received the B.S, 
M.S., and Ph.D. degrees in power 
engineering from the Amirkabir Uni-
versity of Technology, Tehran, Iran, 
in 1998, 2000, and 2007, respectively. 
He was the chief executive officer 
(CEO) of Vebko Amirkabir research 
and Development Company. His fields 

of interest include power system protection, power 
system transient, mathematics, and flexible ac transmission 
systems. 


