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Abstract- Voltage stability is one of the most important factors in maintaining reliable operation of power systems. 

When a disturbance occurs in the power system, it usually causes instabilities and sometimes leads to voltage collapse 

(VC). To avoid such problems, a novel approach called Vector Analysis (VA) is proposed that exploits a new instability 

detection index to provide wide area voltage stability for the power systems. The presented index is calculated based on 

measuring the active and reactive powers that flow through the bus which is connected to the generator bus. Moreover, 

when the proposed VA approach predicts VC, through disconnecting weak lines and based on network graph, zoning is 

carried out in the power system. After zoning, damaged and undamaged zones will be differentiated and damaged zones 

requires load shedding (LS) which is accomplished using ANFIS-TSK (AN-T) intelligent method. The presented 

approach is applied to the IEEE-39 bus test system. The obtained simulation results demonstrate acceptable 

performance of the presented approach compared with other suggested methods in terms of speed and accuracy. 
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1. INTRODUCTION 

Nowadays, reliable and stable operation of the power 

systems is considered as a significant challenge in 

various researches. It needs to employ careful attention 

to the control and protection of subsystems. The 

occurrence of different faults should not be neglected, 

because it sometimes leads to irreparable problems. 

Voltage Collapse (VC) is a critical problem which has 

been reported as one of the main reasons for wide area 

blackouts in power systems [1]. So far, many solutions 

have been proposed to overcome VC. 

 Indices can be defined to calculate the system 

voltage stability margin by statically analysis of the 

voltage stability [2], [3]. P-Q curve [2] as well as Q-V 

curve [3] can be used to measure the voltage stability 

margin of the system. However, the issue is a dynamic 

problem and it is better to evaluate this aspect of 

stability dynamically because the power system is 

inherently nonlinear in nature [1]. The weak bus has the 

fastest rate of change in voltage, and its voltage can be  

used to measure the short-term voltage stability of the 

system [4]. In order to determine the weak bus, various 

methods have been proposed. In [4] authors determine 

the weak bus by using sophisticated and precise 

calculations of modal analysis and AC-power flow. 

However, these calculations are time-consuming and 

therefore not applicable in cases where VC occurs very 

quickly [5], [6]. In [5] the voltage instability is assumed 

as a local problem. Then, an index is proposed to 

evaluate voltage stability based on the equivalent circuit 

of one of the generators that supply the most active and 

reactive power. The modeling of this generator is on the 

basis of dynamical equations and online measurements 

of internal voltage and time-varying impedances. But it 

should be mentioned that the assumptions of the 

proposed approach are invalid if the voltage instability 

starts far away from this generator [4]. Furthermore, if 

the occurrence of a disturbance in the system is too 

close to the generator, it may lead to a misidentification 

by the voltage stability index [4]. Therefore, it is more 

accurate to investigate voltage stability by using wide-

area measurements rather than local methods [1], [7]. 

By using threshold limits in Refs. [6]-[8] indices are 

presented based on voltage magnitudes in near-end and 

remote-end of the lines and their derivatives, reactive 

power and voltage magnitudes of the buses [6], [7] and 

voltage magnitudes and voltage phase angle of the buses 

[8], respectively. These methods have an acceptable 

speed in detecting short-term voltage stability so that if 
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the index value falls below a threshold during a 

disturbance, the VC occurs. Although these methods 

have high detection speeds, the thresholds usually are 

determined by performing multiple simulations, which 

are very difficult and practically impossible in a large 

system. Also, the determination of these limits varies 

across systems and must be calculated separately for 

each system [2]-[4]. In Ref. [9], an index is presented to 

monitor short-term voltage stability without the need for 

modelling of the system and assuming complete 

observability of the network. This index uses the finite-

time Lyapunov exponent as the criterion of the stability 

evaluation, which is calculated from the PMU's online 

voltage measurements. If the maximum exponent of a 

system is negative, the adjacent paths converge to each 

other that indicates the system is stable in the terms of 

voltage stability. If the maximum exponent of a system 

is positive, the adjacent paths diverge form each other 

that means the system is unstable in terms of voltage 

stability. But in systems that are not fully observable or 

may cause system visibility to be lost during a 

disturbance, this index is not applicable. Also, VCPrI 

[10], LCPI [11], and FVSI [12] are indices based on the 

buses and lines that assesses voltage stability according 

to the load flow equations and sensitivity of different 

line parameters. These methods have drawbacks to 

implement where the Jacobian matrix is singular [9] and 

in the sensitivity analysis that is completely dependent 

on the structure of power systems, it involves separate 

and sometimes complex calculations [7], [8]. In ref. 

[13], an index based on SVM is presented which is not 

dependent on the system model and in the case of 

singularity of the Jacobin matrix, evaluates the voltage 

stability before and after the occurrence of disturbance 

by using received data from PMUs. But answers of the 

proposed method sometimes are trapped in local 

optimums because of the choosing inappropriate values 

of the SVM hyperparameters [2], [3], [14]. Hence, in 

Ref. [14] using the combination of SVM and GA, the 

problem of appropriate hyperparameter settings is 

solved and provides a more accurate evaluation of 

voltage stability of the system. Authors in Ref. [15] 

present an improved multi-objective method by 

combining GA and PSO to perform the optimal power 

flow which resolves the drawbacks of fast convergence 

in previous studies. But on the other hand, each one of 

metaheuristic algorithms is defined based on its own 

conditions and results in different responses to the same 

problem. In other words, these algorithms may lead to 

different results with respect to the number of iterations 

and choosing of the parameters in comparison to other 

algorithms or even the same algorithm which eventually 

may not converge to the optimum answer [4],[9].  

After predicting and detecting VC by stability 

indices, control and protection devices aim to stabilize it 

and prevent VC. The last solution under these situations 

is load shedding (LS). Several methods have been 

proposed to LS, the main purpose of which is to 

stabilize the power system with the least LS. In Ref. 

[16] optimal LS using the Support Vector Machine 

(SVM) method is presented. In this technique, the 

reactive power pre- and past the disturbance of each 

system is measured and assumed as SVM test and 

training data. Then, by calculating their difference, the 

rate of reactive power reduction is measured during the 

disturbance. After that as much as this reduced power, 

loads would be removed from the system. Ref. [17] 

introduces a step-by-step approach to LS. In this 

method, in the area of the system where the collapse 

begins, the LS index first compares the sensitivity 

changes of the lines connected to the load buses during 

the disturbance to its preceding amount. As such, the 

lost reactive power would be calculated. Then, 

according to this method, the reactive power of the 

system is separated from the buses of that area by 

percentages and in different steps. This method is very 

fast and, in the instability, beginning area, it quickly 

avoids VC and prevents rapid voltage changes in other 

areas. But in a real system, the LS cannot be considered 

as a percentage of load outage related to each bus and, if 

necessary, the load of the intended bus should be 

completely removed. Therefore, this method cannot be 

considered practical [18], [19].  

In the present study, the voltage stability index is 

calculated based on the amount of the active and 

reactive powers which are injected/absorbed to/from the 

bus connected to the generator bus. The proposed index 

evaluates the voltage stability dynamically, wide-area 

and without the need for complex calculations. It also 

does not face the problem of the singularity of the 

Jacobean matrix and accurate training and only has a 

general optimal response. Without complete system 

observability, this index evaluates the voltage condition 

independent of the model and structure of the system. 

After predicting the VC by the index, by implementing 

a new method, weak lines are identified and cut off and 

the system is zoned. Under these conditions, the stress 

applied to the system is reduced and LS is only carried 

out in areas of the system that do not have proper 

voltage profiles which cause the normal operation of 

other areas during a disturbance. Additionally, in this 

paper, a smart load elimination based on ANFIS and 

TSK network combination is introduced which results 



Journal of Operation and Automation in Power Engineering, Vol. 8, No. 3, Dec. 2020                                                                      211 

in an increase in the accuracy of the load removal index 

compared to indices of other neural networks such as 

SVM. In this method, the LS of each bus is complete, 

meaning that the load is not eliminated as a percentage. 

The remainder of this contribution is as follows: In 

section 2, the relationship between the active and 

reactive power of the power system during a disturbance 

is introduced and analysed, and its relation to voltage 

stability is investigated. Voltage stability index, weak 

line identification method, and LS index are explained 

in section 3. Simulations of the standard IEEE 39-bus 

system and how the stability index is evaluated are 

introduced in section 4. Finally, in section 5, simulation 

results and discussions of the presented study along with 

conclusions are reported.    

2. BACKGROUND 

2.1. Relationship Between Active and Reactive 

Powers for Voltage Stability 

From Fig. 1, the produced generator reactive power is 

equal to the sum of reactive load and losses (without 

active losses for lines R=0) [20]. 

 
jX

I

P jQ
g g

P Q

 
Fig. 1. Generator connected to load bus 

2

g
Q Q XI   (1) 

The line current I is related to the generator apparent 

power gS as below: 

2 2

g gg
P QS

I
E E


   (2) 

By substituting I at the Eq. (1), new equations are as 

follow: 

 2 2

2g g g

X
Q Q P Q

E
    (3) 

Or 

2 2

2 2 0
g g g

E E
Q Q Q P

X X
     (4) 

Solving Eq. (4) respect to gQ gives: 

2
2 2 2

2

2 2
g g

E E QE
Q P

X X X

 
    

 
 (5) 

If Eq. (5) is simplified, the maximum ratio of 

generator active and reactive power with respect to each 

other will be as below: 

 

2

g g

E Q
Q E P

X X
    (6) 

 

In which, gP , gQ , E and X are active and reactive 

powers, generator voltage, and the reactance of line 

connected to bus, respectively. Also, it is told that 

voltage instability during disturbances is due to 

reduction in the maximum deliverable power [1]-[4]. 

According to Eq. (6), if active power is equal to reactive 

power, the maximum power will be delivered to load. 

On the other hand, power systems have nonlinear 

structures and active and reactive powers change at any 

time instance. For example, in Fig. 2, P, Q are the 

parameters which have been measured. Note that these 

parameters are equal to their previous values from 
0

t  

until 
1

t , which means the system is stable at the end of 

this interval. When we consider a disturbance at 
1

t .  

From 
1

t  to 
2

t , external controlling is not required 

regarding the activities of under voltage relays, power 

system stabilizers (PSS) and other processes to prevent 

VC. The previous condition is true for 
2

t  to 
3

t  and 

voltage, so the probability of voltage instability is high. 

If P and Q variables reach 
3

t , voltage instability will 

have the maximum probability. From 
3

t  to 
4

t , external 

controlling no action is necessary because of the 

activities of under voltage relays, Power System 

Stabilizers (PSS) and other protection devices.  

1t 2t 3t 4t 5t

. .,p u p uP Q

( )Time s

.p uP

.p uQ

 
Fig. 2. Vector analysis method 
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Fig. 3. Zoning in the power system 
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At 
4

t , the system no longer has enough ability for 

prevention of VC. Therefore, the external corrective 

controlling actions are needed; otherwise, the VC in the 

system will occur at 
5

t .  

2.2. Zoning 

There are many advantages in zoning for VC 

prevention. If the weak lines get disconnected from the 

network under the stressed conditions, there will not be 

damages during over or under voltage cases. 

Furthermore, undamaged zones will work without any 

problem and any influence from damaged ones [21]. 

Another advantage of zoning is when LS is needed. 

Because the emergency LS will be required only in the 

damaged zones. Furthermore, disconnecting of weak 

lines resulting in VC under normal condition acts as a 

common transient event. Therefore, VC may encounter 

no threat. For example, Fig. 3, illustrates a power 

system with 12 buses on which a hypothetical disorder 

is imposed, moving the power system toward VC. In 

this state by disconnecting weak lines of 7-9 and 11-12, 

the power system will be divided into two damaged and 

undamaged zones. After zoning each controlling action 

such as LS is only performed in the damaged zone and 

undamaged zone needs no additional controlling action 

so there will be voltage stability.  

3. PROPOSED METHOD  

3.1. Vector Analysis (VA) for voltage stability 

In this paper, voltage stability is studied using a new 

method called vector analysis which is based on the 

system parameter online measurements. Such analysis 

will result in better investigations of different system 

conditions. Based on vector analysis, stability index is 

divided into two parts:  

A. Internal Part (IP): This part of the index is related 

to all events which are happening behind the bus 

connecting the generator bus in Fig. 4. 

G1 G2

P1,1 Q1,1 P2,1 Q2,1 P2,2 Q2,2 P1,2 Q1,2

 
Fig. 4. IP detection 

G1 G2

P1,1 Q1,1 P2,1 Q2,1 P2,2 Q2,2 P1,2 Q1,2

 
Fig. 5. EP detection 

Therefore, disturbance calculations are investigated 

as follows: 

   

   

1,1 2,1 1

1,1 2,1 1

( )

( )

P t P t P t

Q t Q t Q t

 

 
 (7) 

     
1 1
( ) ( )

( ), ( )
ref ref

P t Q t
P t Q t

P Q
   (8) 

Where,
refP ,

refQ are internal active and reactive 

powers before the event. 

B. External part (EP): based on Fig. 5, all events 

connected to the bus after the generator bus are 

calculated using external part of the index. Index 

calculation, under this condition, is investigated as 

follows:  

1,1 2,1 1

1,1 2,1 1

1,2 2,2 2

1,2 2,2 2

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

P t P t P t

Q t Q t Q t

P t P t P t

Q t Q t Q t

  


 


 
  

 (9) 

Note: 

1- The buses connected to the generator buses that 

are not fed by active and reactive powers under 

normal condition (Slack Bus), cannot assess 

voltage stability. 

2- Outage for the generators, which are connected 

to the power system from both sides, is 

identified using external part. 

 
Fig. 6.  Voltage Stability assessment using VA index in IEEE 39 

bus test system 
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3.2. VA in IEEE 39 Bus 
In Fig. 6, an IEEE 39 bus system has been represented. 

In general, evaluating of voltage stability in red part of 

the power system done with the internal part of VA 

index and the blue part of the power system is evaluated 

by the external part of the VA index. Moreover, in order 

to apply Eqns. (8)-(9), measuring active and reactive 

powers of buses no. 2, 10, 19, 20, 22, 23, 25, 29 is 

carried out on time. 

3.3. LS 

Wide area blackout is a concerning problem in many 

modern power systems. On the other hand, in recent 

years due to financial problems and environmental 

issues, designers and operators have focused on the 

development of the power systems with less redundancy 

and operation on state stability. Therefore, the LS has 

been one of the most effective options, especially in the 

final stages as the last resort for the power systems in 

the case of VC [1], [20]. On the other hand, the LS 

amount should be proportional with to system 

conditions and it cannot be out of a justifiable 

mechanism. Therefore, there is a limit for each power 

system called as maximum overload which is computed 

using the equation below:    

  -  
100%

 

Total load Total Generation
L

Total Generation
  (10) 

In which L is the maximum tolerable overload in 

each zone. From the above equation, 33% removal of 

produced power will result in the 50% overloading in 

the power system. While the L value is arbitrary, values 

more than 50% for L is not suitable and LS in the small 

events will occur [19], [22]-[23]. Furthermore, the 

intelligence systems like neural and fuzzy networks are 

well known as general approximations that are capable 

to estimate each nonlinear function due to the existence 

of enough neurons in the mid layer and correct fuzzy 

rules [24], [25]. Recent studies on the neural and fuzzy 

networks have shown that the composition of these two 

networks is more effective in detection of nonlinear 

algorithms. Since the power systems have nonlinear 

dynamics, the neural-fuzzy structure might solve the 

problem in LS. The LS continues unless following 

equation is observed.  
 

 new

i i iQ X Q  1, 2,...,i N  (11) 

Where iQ  and 
new
iQ are mean reactive power of 

each bus before and after event respectively. At first, 

reactive power demand is measured at the instantaneous 

of disturbance detection, and then the iQ values are 

stored for each bus in the Eq. (11). Because the detected 

fault may have resulted from some transient conditions, 

voltage stability will be performed after a certain time 

(5.2 second after fault detection). If LS is required 

according to the vector index, new measurements of 

reactive power are used as 
new
iQ values in equation Eq. 

(11). Using these reactive power values, each of load 

buses is trained through the intelligent ANFIS-TSK 

(AN-T) method. After training, reactive power changes 

are assessed and then prioritized at load buses. In other 

words, if there is a big difference between the learned 

and measured reactive power, LS priority will be higher. 

Furthermore, iX is responsible for network training 

using AN-T method and is limited to 0 iX L  . After 

correctness, the below relationship should be confirmed 

for each network bus: 
 

. .0.8 1.2new
p u i p uV   1, 2,...,i N  (12) 

In which 
new

iV  is the bus voltage after LS. 

P+ JQ

j
JXR

I

i

 
Fig. 7.  Show line connected to load bus 

3.4. Weak Bus Detection      

Fig .7 shows the load P jQ  connected to end of the 

line between buses i and j line impedance is R jX

and the current is computed as: 

j

P jQ
I

V


  (13) 

Also, the beginning bus voltage is:   

 i jV V I R jX    (14) 

By substituting I in the previous equation,      

 
-

i j

j

i j

j j

PX QR
V V R jX

V

PX QR PX QR
V V j

V V

 
   
 
 

    
      
   
   

 (15) 

Let i jV V   

PQ QR  (16) 

Therefore: 

i j

j

PX QR
V V

V


   (17) 

Finally, ΔV is the voltage drop for each line as 

bellow:    
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i j

j

V V
V

V


   (18) 

Accordingly, voltage drop for each line is achieved 

via below steps: 

1- The beginning and end bus voltages are measured:    

[1,2,...., ]

[1,2,...., ]

k

i

k

j

V n

V n




 (19) 

In which k is the line number (𝑘 = [1,2, … , 𝑛]) and 

n is the total number of buses.  

2- Voltage drop value for each line: 

k k

i jk

k

j

V V
V

V


   (20) 

3- considering indexes with their rates make them 

faster and more accurate: 

k kd
V V

d t
    (21) 

4- Finally, the voltage drop for each line is computed 

as: 
k k kLine Information V V    (22) 

4. SIMULATION RESULTS 

4.1. System Under Study 

The 39 bus NE system has 10 generators and 29 load 

buses with a nominal frequency of 60 Hz. Voltage and 

frequency dependent static load models are considered 

at all the buses except at buses 3 and 18, where the 

dynamic load model was considered [26]. 

4.2. Scenario One 

Following the disturbance occurrence, the G4 se is 

separated in 1s. According to Fig. 6, this outage is 

considered as an internal disturbance. In this case, the 

evaluation of voltage stability does not require a system 

modelling, and the IP will be determined without the 

complex calculation. Fig. 8, shows the voltage collapse 

detection using IP during the disturbance. VC is 

predicted in all buses, and the IP has an optimal global 

response.  
 

Table 1.  IP detection after G4 outage 

Detection Priority  Time (s)  Bus Number 

6 5.6 10 

4 0.85 20 

1 0.4 22 

3 0.55 23 

5 1 25 

2 0.5 29 

7 5.85 2 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

 
(g) 

 

Fig.8. IP index after G4 outage: (a) bus10, (b) bus20, (c) bus22, (d) 

bus23, (e) bus25, (f) bus 29, (g) bus2 

 
Fig. 9. Zoning diagram of the IEEE 39 bus system after G4 outage 
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Table. 2:  VC detection between IP and other methods G4 outage  

Time (s) Method 

1.5 Ref [2] 

1.6 Ref [3] 

2.25 Ref [4] 

0.8 Ref [7] 

0.9 Ref [12] 

1.65 Ref [26] 

0.4 IP 

Table 1 shows the time and priority of voltage 

collapse detection by each bus. VC detection in bus 22 

is faster than other the buses. In addition, the speed of 

VC detection predicted in the 29 and 23 buses is highly 

considerable.  

Therefore, when bus 22 has not been observable, the 

voltage collapse would be prediction using other buses 

with an acceptable speed. While, these buses are in 

separate areas, the voltage instability spreads rapidly in 

the system and the precise instability beginning is 

unclear. So, wide area index has higher reliability 

compared with the local index [4, 7, 26]. Table 2 shows 

the VC time detection using IP and other methods. 

According to [26] (time interval that mentioned in [26]), 

zoning is performed at t=6.2s in the power system. 

Therefore, the weak lines including 15-16, 16-17, 17-27, 

and 2-25, are disconnected and the power system is 

divided into three zones that shown in Fig. 9. 

 
Fig. 10. Voltage profile of generators for outage at bus 33 

 

  
(a) (b) 

 
(c) 

Fig. 11. Voltage profile after zoning: (a) Zone1, (b) Zone2, (c) 

Zone3 

 
Fig. 12. Voltage profile of generators for outage at bus 30 

After the zoning, VC is not prediction in any zone. 

Since, the identification of weak lines leads to a 

reduction in the produced stress level for the system will 

considering voltage profile in these three zones, LS or 

other controlling methods would not be required. 

However, in Refs. [2] - [15] without zoning, we need LS 

to achieve voltage stability in the power system. Fig. 10 

illustrates the voltage profile effect of G4 outage 

without zoning. Therefore, the voltage collapse is 

correctly predicted by the IP. Fig. 11 shows the voltage 

profiles of each area, after zoning and without LS. 

4.3. Scenario Two 

This part displays G10 as a phenomenon that only 

causes a simple stress in system and does not make VC 

in Fig. 12. Also, proper application of the proposed 

index is quite evident from Fig. 13.  

According to the IP measurements coming from the 

buses connected to the generator bus, it does not warn 

voltage collapse which is a correct detection. As a 

result, zoning is not required. In addition, if another 

disturbance in the system occurs, voltage collapse will 

really be evaluated. So that, the effect of the generator 

outage at bus number 30 will be considered in the 

measurement-based index and both its IP and EP of 

index act carefully. This is beneficial in preventing the 

blackouts which usually happen due to simultaneous 

disturbances or sequential stresses with short time 

intervals.  

4.4. Scenario Three 

G1 is separated in t=1s. According to Fig. 6, EP index is 

used to evaluate voltage stability.  Fig. 14, is obtained 

using EP index calculations for each bus. According to 

EP index, the power system will face a voltage collapse. 

Table 3 shows the detection time and priority of voltage 

collapse prediction in each bus. Although bus 29 is not 

located in the G1 outage area, but VC collapse is 

predicted at 20ms after the disturbance. 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

 
(g) 

Fig. 13. EP index after G10 outage: (a) bus10, (b) bus20, (c) bus22, 

(d) bus23, (e) bus25, (f) bus 29, (g) bus2 

Table 3. EP detection after G4 outage 

Detection Priority  Time (s)  Bus Number 

6 0.8 10 

2 0.025 19 

8 4.3 20 

4 0.07 22 

5 0.15 23 

3 0.03 25 

1 0.020 29 

7 3.4 2 

Table 4. Voltage collapse detection between EP and other methods  

Time (s) Method 

1.5 Ref [2] 

1.6 Ref [3] 

1.5 Ref [4] 

0.5 Ref [7] 

1.65 Ref [9] 

0.9 Ref [12] 

0.56 Ref [26] 

0.02 EP 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
(g) (h) 

Fig. 14. VA index after G1 outage: (a) bus10, (b) bus 19, (c) bus20, 

(d) bus22, (e) bus23, (f) bus25, (g) bus29 (h) bus2 

Priorities 2, 3, and 4 have a high speed in predicting 

VC.  Table 4 compares the VC prediction time using EP 

index with other methods. According to [26], 5.2sec 

after disturbance occurrence, zoning is carried out at t= 

6.2 s. In Fig. 15, the system is divided into three zones 

by disconnecting weak lines 5-6, 7-8, 13-14, 14-15, 17-

18, 25-26. The EP index predicts that the voltage profile 

the first and second zones are stable, and in the third 

zone VC is occurred. Table 5 shows the VC detection 

time in the third zone. Fig. 16 shows the voltage profiles 

of the third zone, before disturbance and after the 

zoning. So, LS is only performed in the third zone and 

no problem in the other zones. In order to prevent 

unnecessary LS, the L index is calculated. Table 6 

illustrates the amount and priority of the third zone’s 

load shedding which has been delivered using SVM and 

AN-T method. 
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Fig. 15. Zoning diagram of the IEEE 39 bus system after G10 

outage 

 
Fig 16. Voltage profile in zone 3: Before disturbance; After zoning 

and without load shedding 

 

  
(a) (b) 

 
(c) 

Fig. 17. Voltage profile after zoning and without LS: (a) Zone1, 

(b) Zone2, (c) Zone3 

 
Fig. 18. Voltage profile with LS in zone 3 

 

Fig. 19. Voltage Profile in zone 3: Before disturbance; After 

zoning and with LS 

 

Fig. 20. Voltage profile of generators for outage at bus 39 

 

Table 5. Voltage collapse detection after zoning in zone 3 

Detection Priority  Time (s)  BUS Number 

2 0.8 25 

1 0.09 2 
 

Table 6.  LS in zone3 (L=21.19%) 

Load 

Bus 

bus

total

Load
×100

Load
 LS 

Ability 

AN-T 

Method 

ANFIS 

Method 

SVM 

Method 

Priority LS Priority LS Priority LS 

4 21.27 Yes 2 No 1 Yes 1 Yes 

8 22.21 Yes 1 Yes 2 Yes 2 Yes 

25 9.53 Yes 3 No 3 No 3 No 

39 46.978 No - No - No - No 
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According to the table, in AN-T method, voltage 

stability is assured through load shedding of bus 8. On 

the other hand, SVM method to sustain voltage stability 

is conducted by load shedding of bus 4 and bus 8, 

respectively. The result showed that load shedding in 

AN-T method was much less due to better training of 

this method in the priority load shedding. Therefore, the 

existing difference between these methods is placed on 

their different ways of training. As in SVM method 

unlike AN-T, network training at difficulty with small 

row or column [20]. Additionally, it should be taken 

into consideration that each training and input data 

applied in Eq. (11) has been an 1n  matrix of reactive 

powers of each load bus in two different times which n 

is the total loading number of the zone. Fig. 17 shows 

the third zones voltage profiles before disturbance and 

after LS. The voltage profile is in an acceptable range. 

Fig. 18 illustrated the third zone voltage profile without 

LS. Fig. 19 shows the third zone voltage profile by LS.  

Where:  

Mean: the difference means between target and 

output in the AN-T method. STD: the standard 

deviation of the difference between target and output.  

Where: 

 Output: is a train reactive power in the zone 3 

according to Eq. 11, Target: pre-disturbance reactive 

power of the third zone buses. According to mean, 

network training is done correctly. Fig. 20 illustrates the 

voltage profile effect of G1 outage without zoning. 

5. CONCLUSION 

In present study new index for identification of voltage 

collapse time was investigated. The basic point for the 

application of this index is the measurement of active 

and reactive powers of buses connected to generator 

bus. One of advantages of this index is its high 

precision, independent on time-consuming and 

complicated calculation it has very high precision. 

Another advantage of this index is its high speed which 

analyses the power system online. Additionally, LS in 

today’s power systems has commonly been applied. 

Therefore, in this paper, a new method has been 

introduced in the form of intelligent LS. LS 

Subsequently, when LS is required in the system, 

excessive load of the system will not have eliminated 

resulting in network efficiency. 
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