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Abstract— One of the major aims of system operator is to 

maintain system parameters within permissible limit. During 

certain period of time in a day load changes very rapidly, 

especially when it tends to increase, a generalized voltage 

decrement and stressed conditions for reactive power sources 

occurs. Maintaining Voltage profile under varying load 

conditions is need of today under unpredictable load scenario. 

This paper presents First the weak bus is identified using 

Predictor-Corrector method considering the proximity of the 

voltage collapse region on P-V Curve. Considering the weak 

bus as a best place for placement of reactive power 

improvement device voltage profile is being maintained. This 

process implement on IEEE5 bus system for voltage 

improvement for various loading. 

Key words: IEEE5 Bus System, Weak Bus, Voltage 

Improvement 

I. INTRODUCTION 

Power systems have been experiencing continuing growth in 

interconnections, the use of new technologies and controls, 

and the increased operation in highly stressed conditions. 

Simply we can say that the operation of an electrical power 

system (EPS) has become a very complex issue, mainly due 

to: 

1) Continuing increases in demand. 

2) The transfer of high powers between several 

interconnected areas and 

3) Economic and environmental constraints that have 

resulted in investment delays. 

Present Power system divide into three major parts 

Generation, Transmission and Distribution for study purpose. 

Now a days progress in the direction of improve power 

system reliability and efficiency, power system engineer take 

their leg in the direction of reduce losses in the system for 

made it most efficient. As the transmission networks need to 

be utilized ever more efficiently the transfer capacity of an 

existing transmission network needs to be increased without 

major investments but also without compromising the 

security of the power system. The more efficient use of 

transmission network has already led to a situation in which 

many power systems are operated more often and longer 

close to voltage stability limits. 

Currently, most electrical power systems operate 

very close to their stability limits and it is crucial to keep both 

their efficiency and security at appropriate levels. A power 

system stressed by heavy loading has a substantially different 

response to disturbances from that of a non-stressed system. 

The potential size and effect of disturbances has also 

increased: 

When a power system is operated closer to a stability 

limit, a relatively small disturbance may cause a system upset. 

In addition, larger areas of the interconnected system may be 

affected by a disturbance. Voltage instability problems in an 

electrical power system are associated with an uncontrolled, 

monotonic voltage drop that eventually leads to a voltage 

collapse and this voltage collapse may become reason behind 

major blackout also. 

In practice, it is not possible to work or to serve 

without electricity in modern society so this problem study 

become necessary for prevent this type of black out. Even 

although these problems are essentially dynamic in nature, 

they can be studied using static analysis methods to obtain 

bus voltage profiles for load and/or generation changes (PV 

and QV curves). These curves can be helpful in analyzing and 

discussing system operating conditions under different load 

and/or topology scenarios. 

Many studies exist in which these profiles are used to: 

1) Determine power transfer limits, 

2) Determine voltage security margins,  

3) Observe bus voltage performances, 

4) Determine the proximity to voltage collapse and v.) 

Compare planning strategies. 

Out of all above uses determination of the proximity 

to voltage collapse point is coming into picture after the lots 

of collapse take place in the past and due to that large power 

system blackout also. So now it’s become necessary to design 

such tool to give the complete solution of voltage collapse 

before it take place by tracing PV-curve with maximum 

loading point. 

Continuation power flow is most efficient tool for 

steady state voltage stability analysis because it gives the 

complete solution of voltage collapse before it take place by 

complete tracing PV-curve with maximum loading point or 

critical point for the given system. Finally from collapse point 

we can improve voltage profile. 

II. IMPLEMENT ON IEEE5 BUS SYSTEM 

The network configuration of IEEE 5 bus system is shown in 

Fig.1 

 
Fig. 1: Network Diagram of IEEE 5 Bus System 

The bus data of IEEE 5 bus system shown below: 
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1 1 0 0 0 0 1.06 0 

2 3 40 30 20 10 1 0 

3 2 0 0 45 15 1 0 

4 2 0 0 40 5 1 0 

5 2 0 0 60 10 1 0 

Table 1: Base = 100 MVA 
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Here, in bus data second column bus type 1 refers to slack 

bus, bus type 2 refers to load bus (PQ bus) and bus type 3 

refers to generator bus (PV bus). In this case bus 1 taken as 

the slack bus with 1.06 pu voltage value. Also initial voltage 

angle (ä) at all the buses taken as zero. 

The line data (Branch data) of IEEE 5 bus system shown 

below: 
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1 2 0.02 0.06 0.06 1 

1 3 0.08 0.24 0.05 1 

2 3 0.06 0.18 0.04 1 

2 4 0.06 0.18 0.04 1 

2 5 0.04 0.12 0.03 1 

3 4 0.01 0.03 0.02 1 

4 5 0.08 0.24 0.05 1 

Table 2: 

Here, First column of above table shows Tap bus 

means this bus side where transformer is connected. 

Similarly, second column Z bus means bus on opposite side 

of tap bus or bus side where Impedance or Admittance is 

connected. 

One should be noticeable that here full line charging 

admittance are given so done divide by two when used or use 

half of this for accounting single bus. 

As shown in fig.2 we get complete PV-Curve using 

continuation power flow technique. Also voltage collapse 

point which is main concentric part of this thesis gives the 

better idea about on which loading level the voltage collapse 

will take place so we take care before it take place and save 

our power system from major black out. 

 
Fig. 2: PV-Curve for IEEE 5 Bus System Using 

A. Continuation Power Flow 

As shown in graph we easily decide the voltage stability 

region such that the voltage collapse event would not take 

place.Upper part show the stable region and lower part or part 

of the curve after critical point show the unstable region for 

operating system based on present loding on that particular 

system.Using continuation power flow for IEEE 5 bus system 

critical point get at 1.8855 pu active power loading at volage 

0.5890 pu. PV- curve for the IEEE 5 bus system at weakest 

bus no.5 at given loading shown in Fig.2 

B. Voltage Profile Management for Various Loading 

Bus 

No. 

Bus 

Type 
Generation Voltage (pu) 

1 1 131.18 95.34 1.06 

2 3 20 -61.32 1 

3 2 -45 -14.99 0.9839 

4 2 -40 -5.00 0.9806 

5 2 -59.99 -9.99 0.9689 

Table 3: Load Flow for base load 

C. Increase Load on PQ Bus by 50% 

Bus Bus Generation Voltage (pu) 

1 1 210.36 83.53 1.06 

2 3 19.97 -14.08 1 

3 2 67.49 -22.46 0.9636 

4 2 -59.47 -7.49 0.9603 

5 2 -89.94 -14.96 0.9470 

Table 4: Load Flow for increase load on PQ bus by 50% 

Bus 

No. 

Bus 

Type 
Generation Voltage Synchronous 

1 1 210.09 81.82 1.06 0 

2 3 19.98 -36.81 1 0 

3 2 -67.49 -22.46 0.9678 0 

4 2 -59.47 -7.49 0.9656 0 

5 2 -89.97 -14.98 0.9687 0.25 

Table 5: Load Flow for Voltage Profile Improvement 

III. CONCLUSION 

From above table we can say that for various loading 

condition on PQ buses, first voltage goes down and then we 

can improve voltage using reactive power source. This 

reactive power source place at suitable place, it is nothing but 

weak bus. In our case there is IEEE 5 bus system. In this 

system 5, 4 and 3 are weak buses respectively.so that voltage 

improve capacitor is place on 5, 4, and 3 buses respectively. 

REFERENCES 

[1] B. H. Lee and K. Y. Lee, "A study on voltage collapse 

mechanism in electric power systems," in IEEE 

Transactions on Power Systems, vol. 6, no. 3, pp. 966-

974, Aug 1991. 

[2] R. A. Schlueter, "A voltage stability security assessment 

method," in IEEE Transactions on Power Systems, vol. 

13, no. 4, pp. 1423-1438, Nov 1998. 

[3] F. D. Galiana, "Load flow feasibility and the voltage 

collapse problem," The 23rd IEEE Conference on 

Decision and Control, Las Vegas, Nevada, USA, 1984, 

pp. 485-487. 

[4] Ajjarapu V. and C. Christy,"The Continuation Tool 

Power Flow: A for Steady State Voltage Stability 

Analysis," 1991 Power Industry Computer Application 

Conference, Baltimore, Md. 



Voltage Profile Management in Restructured Power System 

 (IJSRD/Vol. 6/Issue 03/2018/362) 

 

 All rights reserved by www.ijsrd.com 1499 

[5] V.Ajjarapu and Ping Lin Lau,”An Optimal Strategy 

against Voltage Collapse”, Proceedings of the 34th 

Midwest Symposium on circuits and systems1991. 

[6] Ajjarapu & C.  Christy, “The Application of a Locally 

Parameterized Continuation Technique to the Study of 

Steady State Voltage Stability,” Proceedings of 21st 

Annual North American Power Symposium, Rolla, 

Missouri, October 1989. 

[7] M.G.O’Grady and M. A. Pai, “Analysis of Voltage 

Collapse in Power Systems,” Proceedings of 21st Annual 

North American Power Symposium, Rolla, Missouri, 

October 1989. 

[8] Y.Tamura, K. Sakamoto. Y. Tayama, “Voltage 

Instability Proximity Index (VIPI) Based on Multiple 

Load Flow Solutions in Ill-conditioned Power Systems,” 

Proceedings of the 27th EEE Conference on Decision 

and Control, Austin, Texas, December 1988. 

[9] K. P. K&l and H. Glavitsch, “Estimating the Voltage 

Stability of a Power System,” IEEE Transactions on 

Power Delivery, Vol. PWRD-1, No. 3, July 1986, pp. 

346-354. 

[10] H. Buch, R. D. Bhagiya, B. A. Shah and B. Suthar, 

"Voltage profile management in restructured power 

system using STATCOM," 2011 Nirma University 

International Conference on Engineering, Ahmedabad, 

Gujarat, 2011, pp. 1-7. 

[11] M. A. Kamarposhti, M. Alinezhad, H. Lesani and N. 

Talebi, "Comparison of SVC, STATCOM, TCSC, and 

UPFC controllers for Static Voltage Stability evaluated 

by continuation power flow method," 2008 IEEE Canada 

Electric Power Conference, Vancouver, BC, 2008, pp. 1-

8 

[12] T. Nagao, K. Tanaka and K. Takenaka, "Development of 

static and simulation programs for voltage stability 

studies of bulk power system," in IEEE Transactions on 

Power Systems, vol. 12, no. 1, pp. 273-281, Feb 1997. 


