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Conventionally voltage fluctuation, which causes to light flicker, is modeled by some sinusoidal 
signals which are modulated in voltage amplitude. In this approximate model, amplitude 
fluctuation is assumed to be stationary and deterministic. Field measurements and practical 
records show non-stationary treatment of the voltage fluctuation. Identification of flicker 
sources is an important stage in flicker reduction process. Also modeling and forecasting of the 
envelope signal are necessary for power quality enhancement and compensative devices control. 
In this paper after extracting voltage envelope by Enhanced Phase-Locked Loop (EPLL), the 
envelope signal is filtered and uniformly sampled. A new flicker index, which is based on power 
spectral density function, is proposed for evaluating non-stationary flicker intensity. By 
calculating the index at each bus of the power system, location of flicker source is detected. We 
also model non-stationary envelope of voltage using Moving Average (MA) and Autoregressive 
(AR). By this modeling, non-stationary envelope of the instantaneous voltage is written as a 
recursive function. This recursive model can be utilized as fluctuation predictor. Simulation 
results show ability of the proposed flicker index in non-stationary flicker source detection and 
success of the time series models in tracing and predicting of non-stationary envelope voltage. 

Keywords: non-stationary voltage flicker; time series; Moving Average (MA) model; Autoregressive 

(AR) model; Enhanced Phase-Locked Loop (EPLL). 

 

1. Introduction 
 

Voltage fluctuation is one of the power quality problems which has concerned both of 

the operators and customers of power networks. These fluctuations cause variation of light 

intensity that perceived by human eye. This annoying and undesirable phenomenon is 

called flicker. Frequency range of flicker is approximately between 0.1 and 35 Hz. 

Maximum fluctuation of voltage amplitude, which is considered as flicker, is 0.1 of 

nominal voltage amplitude [1]. Load with several power demands or intermittent power is 

main source of flicker. Researches have been demonstrated wind power plants lead to 

fluctuation of network voltage [2, 3]. In addition, loads which provide interharmonics may 

be flicker sources [1].  

The most commonly used method for flicker measurement is IEC flicker meter [4]. 

Using IEC standard flicker meter, short-time flicker level (pst) and long-time flicker level 

(plt) can be measured [4]. The flicker meter has been recently improved in [5]. These 

indexes cannot tell us that a load is flicker source or not. An index, which is resulted from 

wavelet transform, for non-stationary disturbances has been introduced in [6]. This index 

can be applied to measure flicker intensity. Authors have not applied their index to identify 

flicker sources in power system.  

To detect flicker sources some researches have been conducted. Flicker power as new 

quantity for tracing flicker flow and detecting its source, has been utilized in [7]. This 

quantity is defined for voltage envelope whose frequency is determined. Therefore, this 
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method cannot be useful in situation which voltage fluctuation is non-stationary. By 

considering fluctuated voltage as a signal with interharmonics, a method has been proposed 

in [8]. This method has been based on interharmonics load flow. If fluctuation of voltage 

amplitude is non-stationary and frequency of interharmonics is not determined, this method 

cannot detect flicker source in power system. In [9] multi-level percepteron neural network 

has been employed to identify flicker source in a distribution system. In training process 

and in testing the performance of the method, authors have assumed that flicker frequency 

is determined and the envelope is a sinusoidal signal. Similarly, this supposition has been 

considered in [10]. In [10] to detect location of the flicker source in power system, state 

estimation method for minimizing measurement points has been exploited. Participation of 

each flicker source, which has been supplied by a busbar, is separated in [11]. Power 

demand of the sources has been assumed to be non-stationary. But, non-stationary power 

and voltage has not been modelled and predicted in this work. 

To model voltage flicker and to forecast flicker severity, the grey predictor model is 

employed in [12]. A grey model can be used to forecast future values of a random 

sequence. In [12], value of equivalent 10 Hz voltage flicker (∆V10), which is an index to 

evaluate flicker severity, for three days of week, has been measured. Then, daily flicker 

severity has been forecasted. In fact, it is a mid-term flicker forecasting. But, instantaneous 

non-stationary fluctuations as a time series have not been predicted.      

A time series is a time-oriented or chronological sequence of observations on a variable 

of interest [13]. Time series analysis comprises methods for analysing time series data in 

order to extract meaningful statistics and other characteristics of the data [14]. Time series 

models such as MA and AR are utilized for modelling, estimating, and predicting of the 

time series data [13]. These methods are employed in varied fields such as: price 

forecasting in economy, weather forecasting and so in electrical engineering. Application of 

AR model in signal processing and estimating [15, 16], image processing [17], and in load 

forecasting [18, 19] can be mentioned.  

Detection of coupling point of flicker source in power system is important to convince 

industrial customers for applying enhance procedure or penalty payment. If voltage 

amplitude fluctuates in non-stationary form, a flicker index for evaluating intensity of the 

non-stationary voltage fluctuation will be required. Also, modelling and predicting of the 

envelope signal will be necessary for power quality enhancement and compensative device 

control. 

In this paper after extracting non-stationary envelope signal by EPLL, filtering, and 

sampling it, discrete envelope signal as time series data is resulted. A new flicker index, 

which is based on power spectral density function of signal, is proposed. The flicker index 

shows intensity of the non-stationary flicker. By calculating the proposed index at each bus 

of power system (radial or non-radial), flicker source location can be detect. Also non-

stationary envelope of the fluctuated voltage is modelled by time series analysis methods. 

Then MA and AR models are constructed for non-stationary envelope. In other words, 

envelope signal is modelled as a discrete recursive function. This recursive function can 

follow the envelope signal in sampled time window and can predict future value of the 

envelope signal. General outline of this research is demonstrated in Figure 1. For evaluating 

the proposed flicker index and assessing ability of the time series models in following and 

predicting the non-stationary envelope, several scenarios are suggested and simulated. 
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Figure.1. Schematic outline 

The rest of the paper is organized as follow. In the next section flicker modeling, 

envelope extracting by EPLL, filtering, and discretizing envelope signal are described. The 

proposed flicker index is discussed in section 3. In section 4, time series modeling and 

forecasting are explained. Simulation results are presented in section 5. Finally, conclusion 

is given in section 6. 

 

2. Flicker model and envelope extraction 

 

Amplitude modulation (AM) is adopted to model the flicker phenomenon. 

Conventionally one or several sinusoidal components as flicker tones are modulated in 

voltage amplitude [1]. In general the voltage flicker is mathematically presented as follow: 

 ���� = ���1 + ∑ �� ������ + ������� � ������ + ���              

          (1) 

 

where Vc is the nominal amplitude of the network voltage, ωc is the supply angular 

frequency, and Ɵc is the supply phase angle. For each i, �� ������ + ��� is a flicker tone 

where Vi is the amplitude, ωi is the angular frequency, and Ɵi is the phase angle of i th 

flicker tone. 

If fluctuation of the voltage amplitude is non-stationary, then flicker can be presented as 

follow: 

 ���� = ���1 + ������� ���� + ���                     

           (2) 

 

where n(t) is the envelope of the fluctuated voltage and is a non-stationary signal. 

According to flicker definition: 

 |����| ≤ 0.1 ��                             

         (3). 
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Fluctuated voltage, which its nominal frequency is 50 Hz, with a non-stationary 

envelope, is shown in Figure 2; it is a non-stationary flicker waveform. 

 

 

Figure.2. Fluctuated voltage; non-stationary envelope 

Traditionally PLL has been employed to trace the phase signal, and applied widely in 

communication systems, servo machines, and speed control of synchronous motors [20]. A 

typical PLL consists of three distinct main parts: phase detector (PD) that is a signal 

multiplier, loop filter (LF) that consist of a low pass filter, and a voltage-controlled 

oscillator (VCO), which is a frequency-modulated oscillator [20]. 

PLL, which has been enhanced to extract envelope, is proposed in [21], so it is called 

Enhanced PLL (EPLL). In this paper, EPLL is employed to extract the envelope of the 

fluctuated voltage. Actual and extracted envelope of the fluctuated voltage, which has been 

given in Figure 2, is shown in Figure 3. 

 

 

Figure.3. Envelope of fluctuated voltage that shown in Figure 2 
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Since frequency range of amplitude fluctuation, which is dealt to flicker, is between 0.1 

to 35 Hz, extracted signal is filtered to cancel components which their frequency is out of 

the range. For this purpose, a band-pass filter is utilized after extracting stage. As shown in 

Figure 1, filtered envelope signal (n(t)) is sampled and discretized to result discrete-time 

envelope signal (n[t]). 

 

3. Proposed flicker index based on power spectral density 

 

For assessing flicker, a limited window of the instantaneous voltage is sensed, and then 

n[t] is a limited sample sequence. In this section first power spectral density function for 

discrete-time envelope is calculated. This value is utilized as a flicker index for evaluating 

flicker intensity and detecting the flicker source location.  

Let x[n] as a limited real discrete-time signal, the quantities  

 �� = �
�  ∑  ������� �! ,                            

         (4) 

 "�# = �
�  ∑  |���� − ��|#��� �!                         

         (5)  
and 

 %&&�'� = (
)  ∑  &�* + '� &�*�)�(*�+                       

         (6) 

 

are computed respectively as mean, variance and autocorrelation for x[n], where L is the 

number of samples. ,����� is defined as Fourier transform of -�����. Since ,����� is 

discrete-time Fourier transform of sequence, it is continues and periodic with period 2/. 

The integral of ,����� over a band of frequencies is proportional to the power in the signal 

in that band. For this reason, the function ,����� is called the power density spectrum, or 

simply, the power spectrum. ,����� is expressed and calculated as follow: 

 01|����|#2 = �
#3  4 ,�����5�3�3                        

         (7) 

 

where 01. 2 is mean operator. Thus, the area under ,����� for −/ ≤  � ≤ / is proportional 

to the average power in the signal [22]. 

In this paper, we propose to use power spectrum of the filtered envelope signal as 

Flicker Index. The index shows intensity of flicker. The index is expressed as follow: 

 67 =  �
#3  4 ,  ���5�3�3 =  01|����|#2                       

         (8). 
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After calculating the index at each bus of power system, flicker source location can be 

detected by assessing the index values. 

 

 4. MA and AR modelling and predicting of envelope signal 

 

In this section, for n[t] as a time series, suitable order of the MA model and AR model 

are diagnosed and these models for discrete-time non-stationary envelope are calculated. 

AR can model the envelope for available samples. After constructing the recursive model, 

next sample can be predicted. 

Consider a sequence yt, t = 1, 2,…, T as a time series. The covariance between yt and its 

value at another time period, say, yt+k is called the autocovariance at lag k, defined by 

 89 = :; �<= , <=?9� = 0��<= − @��<=?9 − @��                 

         (9) 

where @ is mean  of the samples. The collection of the values of 89, k = 0,1, 2, … is called 

autocovariance function. Note that the autocovariance at lag k = 0 is just the variance of the 

time series; that is, 8! = "A#.  For finite length time series yt, the autocovariance is 

computed as follow: 

 89 = �
B ∑ �<= − @��<=?9 − @�B�9=��                        

           (10). 

 

The autocorrelation coefficient at lag k is 

 

C9 = D��AE�F��AEGH�F��
ID��AE�F�J�  D��AEGH�F�J� = KLM �AE,AEGH�

NOP �AE� = QHQR                  

           (11). 

 

The collection of the values of C9, k = 0, 1, 2, … is called the autocorrelation function 

(ACF). Note that by definition C! = 1. Also, the ACF in depends on the scale of 

measurement of the time series, so it is a dimensionless quantity. Furthermore, the 

autocorrelation function is symmetric around zero. So it is only necessary to compute the 

positive half. ACF is cut off after a few lags for stationary time series. For non-stationary 

time series instead of cutting off after a few lags, ACF decays very slowly and exhibits the 

autocorrelations that are still rather large even at long lags. This behaviour is a 

characteristic of a non-stationary time series [13]. 

 

4.1. Finite order moving average model; MA (q) 

 

A moving average model of order q is given as: 
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<= = @ + S= − ��S=�� − ⋯ − �US=�U                     

            (12) 

 

where S= is white noise. The mean value of the MA(q) process is simply 

 0�<=� = 0V@ + S= − ��S=�� − ⋯ − �US=�UW = @               

            (13) 

 

and its variance is 

 ;XY�<=� = 8A�0� = "#�1 + ��# + ⋯ + �U#�                 

           (14). 

 

Similarly, the autocovariance at the lag k can be calculated from 

8A�Z� = �;�<= , <=?9� = ["#V1 + ��# + ⋯ + �U#W,   Z = 1,2, … , ] 0,                                                       Z > ] _            

           (15). 

 

From Equation (14) and (15), the autocorrelation function of the MA(q) process is  

 

CA�Z� = Q`�9�
Q`�!� = a�bH?bcbHGc?⋯?bdeHbd�?bcJ?⋯?bdJ ,    Z = 1,2, … , ]

0,                                                      Z > ]_              

           (16). 

 

The ACF is utilized for identifying appropriate order for MA model. If ACF cuts off 

after lag q, then MA(q) can be applied. Also model parameters are resulted by solving 

Equation (14) and (15) [13]. 

 

4.2. Finite order autoregressive model; AR (p) 

 

The p th order AR model is given as: 

 <= = f + -�<=�� + -#<=�# + ⋯ + -g<=�g + S=                 

           (17). 

 

For this model, 

 

0�<=� = @ = h
��ic�iJ�⋯�ij                        

            (18) 

 

and 
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8�Z� = �;�<=, <=�9� = ∑ -�  8�Z − k�g��� + l"# km Z = 00   km Z > 0_              

           (19). 

 

By dividing Equation (19) by 8�0� for k > 0, the Yule-Walker equations are resulted as 

follow: 

 C�Z� = ∑ -�g���  C�Z − k�,    Z = 1,2, …                    

           (20). 

 

By solving these linear difference equations, AR(p) models parameters can be resulted. 

Partial autocorrelation function (PACF) of the time series is defined and employed to 

identify AR model order. For any fixed value of k, the Yule-Walker equations can be 

written as: 

 C�n� = ∑ -�9C�n − k�,    n = 1,2, … , Z9���                     

           (21). 

 

This equation can be rewritten in matrix notation as: 

 

 

1

2

3

1 (1) (2) ( -1) (1)

(1) 1 (1) ( - 2) (2)

(2) (1) 1 ( - 3) (3)

( -1) ( - 2) ( -3) 1 ( )

k

k

k

kk

k

k

k

k k k k

ϕρ ρ ρ ρ

ϕρ ρ ρ ρ

ϕρ ρ ρ ρ

ϕρ ρ ρ ρ

    
    
    
    =
    
    
    

    

L

L

L

MM M M O M M

L

           

            (22) 

or 

 o9 %9 = p9                              

            (23) 

 

to solve for %9 , there is 

 %9 = o9�� p9                             

           (24). 

 

For any given k, k = 1, 2, … the last coefficient -99 is called the partial autocorrelation 

of the process at lag k. Note that for an AR(p) process -99 = 0 for k > p. Hence, the PACF 

cuts off after lag p for an AR(p). This suggests that the PACF can be used for identifying 

the order of an AR process similar to the way that ACF is used for a MA process [13]. 

Identifying the order of the MA and AR model based on ACF and PACF is summarized in 

Table 1. 
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Table 1. Behaviour of ACF and PACF for time series models [13] 

Model   ACF  PACF 

MA(q) Cuts off after lag q Exponential decay  

AR(p) Exponential decay Cuts off after lag p 

 

In this paper by considering n[t] as a time series, first its ACF and PACF are calculated 

and then appropriate order for MA model and AR model are identified. In the next step, 

MA and AR model parameters are calculated and these models are constructed. These 

models can fit and follow n[t] for sampled time window and predict it for future times. 

Note that n[t] is obtained from measured instantaneous voltage, which is recorded for 

limited time length. But, the constructed models for n[t] can determine the envelope value 

for times which are out of the used time window. 

 

5. Evaluation of the proposed flicker index and the envelope modelling 

 
5.1. System model 

 

In this paper a typical six-bus power system which its nominal frequency is 50 Hz and 

its nominal voltage is 230 KV, is chosen as test system and shown in Figure 4. The power 

system data and its load flow results are presented in Appendix. 

 

 

Figure.4. Studied power system  

In the conducted simulations, spot welding machine is considered as flicker source. 

Operation of the spot welding machine causes to fluctuate voltage amplitude. In other 

words, this machine acts as contaminative load in the power system. It is modeled as a 

resistor which is connected to bus via an ideal switch. Magnitude of the resistor deals to 

power demand of the contaminative load. In this model of the flicker source, by changing 

resistance value, amplitude of flicker tone varies. Switching frequency determines the 

frequency of flicker tone. In addition to the non-linear load, this bus may supply other 

linear load or connect to a power station. 
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In the model of the spot welding machine, by random switching of the ideal switch, 

voltage fluctuation becomes non-stationary. A typical switching signal, which satisfies our 

resolution, is shown in Figure 5. This signal is employed in the simulations for controlling 

the switch. Note that when the pulse value is 1, the switch is close otherwise it is open. 

 

 

Figure.5. Random switching pulse 

5.2. Simulation results 

 

In this section three scenarios are suggested and simulated. In these scenarios, location 

and power demand of flicker source are changed. In scenario 1, it is assumed that a spot 

welding machine has been located at bus-4. The resistor value of its model is 1.89 p.u.  In 

this condition, the power system with connected flicker source is simulated for 2 seconds. 

The bus voltages are measured. Then their envelope signal is extracted by EPLL and 

discretized. The sample rate of the discretization is chosen 1 KHz. By considering discrete-

time envelope signal as a time series, ACF and PACF are calculated for each envelope 

signal. In this scenario, ACF of the discrete-time envelope signals decays exponentially. 

Also their PACF cuts off after lag 2. For example, ACF and PACF for the envelope of the 

measured voltage at bus-4, n4[t]; are shown in Figure 6 and 7. Persistency of ACF and 

existence values in PACF, which are more than one, indicates that the envelope signal is 

non-stationary.   

 

Figure.6. Autocorrelation function for envelope of the voltage at bus-4; scenario 1 
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Figure.7. Partial Autocorrelation function for envelope of the voltage at bus-4; scenario 1 

Regarding to ACF and PACF of the envelope signals, second order of MA and AR 

model are proper. MA(2) and AR(2) parameters for each bus voltage envelope are 

presented in Table 2. Also the proposed flicker index is calculated at each bus. The index 

values are presented in Table 2. Maximum value of the flicker indexes corresponds to bus-4 

which flicker source has been connected to it. Therefore, the flicker index can detect flicker 

source location correctly. 

 
Table.2. MA(2) and AR(2) parameters and the flicker index for the envelope of the each bus voltage; scenario 1 

Flicker 

index 

AR model MA model 
Bus %q %( r sq s( t 

1.03e7 -0.8280 1.8176 2.0349 -0.9792 -0.5024 195.24 1 

0.98e7 -0.8698 1.8593 1.9446 -0.9792 -0.5024 186.52 2 

0.87e7 -0.8854 1.8756 1.7936 -0.9804 -0.5023 183 3 

1.2e7 -0.8748 1.8648 1.8787 -0.9802 -0.5023 189.59 4 

0.86e7 -0.8937 1.8840 1.7236 -0.9805 -0.5023 176.46 5 

0.81e7 -0.8921 1.8824 1.6932 -0.9806 -0.5023 174.35 6 

 

According to Table 2, the envelope of voltage at bus-4 can be modeled as: n[t] = 1.87 + 

1.86 n[t-1] – 0.87 n[t-2] . This model is constructed by using 2 seconds of actual envelope 

signal. The model can follow and predict the envelope for future times. In time window, 

which used to model construction (t = 0 s to t = 2 s), the recursive model traces the actual 

signal as shown in Figure 8. Also, if the system is simulated for next times (t = 2 s to t = 4 

s), actual, and predicted signal can be resulted.  Absolut error between actual envelope 

signal and the modeled (or predicted) signal is shown in Figure 9. The error does not 

exceed 0.34% of nominal voltage.  

To quantity analyze of the error, the absolute error for N samples, is defined as follow: 

 

uYYY =  v�
w ∑ u���#                           

            (25) 
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Figure.8. The envelope of bus-4 voltage 

 

Figure.9. Absolutely error between actual and modeled/predicted envelope; bus-4 voltage 

For bus-4, which its instantaneous absolute error has been shown in Figure 9, error value 

is yielded from (25); error is 167.31 V (0.72 × 10
-3

 p.u). Error at other buses is close to this 

value. For example, error at bus 1 and 6 is respectively 0.65 × 10
-3

 p.u and 0.7 × 10
-3

 p.u.  

Since the recursive model is constructed by two previous samples, the shorter interval 

between samples, the less error is resulted. In other words, sampling frequency influences 

on prediction error inversely. But, high sampling frequency results more data and then 

computation becomes heavy. Therefore, these two factors should be traded off. Error for 

different sampling frequency at three buses of the power system is shown in Figure 10. 
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Figure.10. Relationship between sampling frequency and modelling/predicting error at some buses 

In scenario 2, a spot welding machine, which its resistance value is 1.32 p.u, has been 

located in bus-6. In scenario 3, another one as flicker source, which its resistance value is 

4.72 p.u, has been supplied by bus-5. For each scenario, the power system simulated for 2 

seconds and envelope of the bus voltages is extracted by EPLL. The envelope signals are 

discretized by sample rate 1 KHz same as scenario 1. ACF and PACF are calculated for 

each envelope signal in these scenarios. Since ACFs decay exponentially and PACFs cut 

off after lag 2, MA(2) and AR(2) models are utilized in these scenarios again. These models 

are constructed for each envelope signal which is extracted from instantaneous voltage of 

buses. Also flicker source location is determined by calculating the flicker index at each 

bus. The models parameters and the flicker index for scenario 2 and 3 are presented in 

Table 3 and 4. 

 
Table.3. MA(2) and AR(2) parameters and the flicker index for the envelope of the each bus voltage; scenario 2 

Flicker 

index 

AR model MA model 
Bus %q %( r sq s( t 

1.78e7 -0.8904 1.8799 2.2731 -0.9791 -0.5025 216.94 1 

1.98e7 -0.8726 1.8626 2.1828 -0.9801 -0.5023 218.59 2 

2.25e7 -0.8312 1.8208 2.3087 -0.9793 -0.5024 222.05 3 

1.68e7 -0.8895 1.8797 2.0004 -0.9805 -0.5023 204.51 4 

1.84e7 -0.8863 1.8766 2.0133 -0.9807 -0.5023 207.87 5 

2.34e7 -0.8397 1.8298 2.1533 -0.9804 -0.5023 218.60 6 

Table.4. MA(2) and AR(2) parameters and the flicker index for the envelope of the each bus voltage; scenario 3 

Flicker  

index 

AR model MA model 
Bus  %q %( r sq s( t 

1.65e6 -0.8361 1.8247 1.7272 -0.9772 -0.5026 151.18 1 

1.62e6 -0.8455 1.8342 1.6383 -0.9775 -0.5026 144.88 2 

1.62e6 -0.8450 1.8338 1.6182 -0.9776 -0.5026 144.30 3 

1.49e6 -0.8519 1.8408 1.5350 -0.9780 -0.5026 138.88 4 

1.94e6 -0.8448 1.8339 1.5458 -0.9782 -0.5025 141.11 5 

1.52e6 -0.8518 1.8408 1.5101 -0.9781 -0.5025 137.64 6 
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6. Conclusion 
 

In this paper, evaluating, modelling, and predicting of the non-stationary flicker are main 

purposes. Discretized non-stationary envelope signal as time series is utilized. First an 

index, which is power spectrum density function of the envelope signal, for evaluating 

intensity of the non-stationary flicker is proposed. By calculating the proposed index at 

each bus of the power system, flicker source location is detected based on this rule: flicker 

source has been located in the bus which its corresponding flicker index is the maximum. 

Modelling of the non-stationary envelope and predicting it are next steps. After calculating 

ACF and PACF for the envelope signal, 2nd order MA and AR models are diagnosed as 

proper order. MA(2) and AR(2) are constructed for each envelope signals. These models as 

recursive functions can trace and predict the envelope signal. Simulation results show the 

proposed flicker index can detect flicker source in different situations. Also the results 

show the time series models can follow and predict the actual envelope signal with 

tolerance less than 1%. 
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Appendix 

Studied 6-bus power system data are given in Table 5 and 6. Also, load flow results are 

given in Figure 11. 
 

Table.7.  The Power System Line Data 

Line no From To R(pu) X(pu) 
BCAP 

(pu) 

1 1 2 0.10 0.20 0.02 

2 1 4 0.05 0.20 0.02 

3 1 5 0.08 0.30 0.03 

4 2 3 0.05 0.25 0.03 

5 2 4 0.05 0.10 0.01 

6 2 5 0.10 0.30 0.02 

7 2 6 0.07 0.20 0.0250 

8 3 5 0.12 0.26 0.0250 

9 3 6 0.02 0.10 0.01 

10 4 5 0.20 0.40 0.04 

11 5 6 0.10 0.30 0.03 

 

Table.8. The Power System Bus Data 

Bus  
GEN (pu) 

(S=100 MW) 

Voltage 

 (pu) 

P load 

 (pu) 

Q load 

 (pu) 

1 1.00 1.050 0.00 0.00 

2 0.50 1.050 0.00 0.00 

3 0.60 1.070 0.00 0.00 

4 0.00 1.000 0.70 0.70 

5 0.00 1.000 0.70 0.70 

6 0.00 1.000 0.70 0.70 

Figure 11. Load flow results 


