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Abstract— Voltage stability and transient stability are the 

important factors, which need to be taken into consideration 

during the planning and operation of electrical power systems 

in order to avoid voltage collapse and subsequently partial or 

full system blackout.  From the voltage and transient stability 

analysis point of view, system operators need to know not 

only the severity of their system, but also the mechanisms that 

cause voltage instability. This paper presents study of 

unbalanced distribution system to improve the voltage 

stability of electrical power systems. Conventional P-V curve 

and transient curves are taken as a basic analysis tool. 
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I. INTRODUCTION 

Voltage stability concerned with the ability of a power system 

to maintain acceptable voltages at all buses in the system 

under normal conditions and after being subjected to a 

disturbance. A power system at a given operating state is 

voltage stable if, following the disturbances, voltages near 

loads are identical or close to the pre-disturbance values. A 

power system is said to have entered a state of voltage 

instability when a disturbance results in a progressive and 

uncontrollable decline in voltage. Voltage collapse is also 

defined as a process by which voltage instability leads to very 

low voltage profile in a significant part of the system. 

Transient stability of a power system refers to the ability of 

the system to reach a stable condition following a large 

disturbance in the network condition. 

In this paper, voltage stability and transient stability 

have been studied and an unbalanced distribution system 

(IEEE 13 bus system) has been investigated for the purpose 

of voltage and transient stability of power system using ETAP 

v12.6.0 as primary tool/software.    

A. Literature Review 

Mohamed, Riyami (2010) did the analysis of reduction in 

distribution losses in rural area by the penetration of PV 

Arrays near to loads. Farid, Katiraei and Julio Romero 

Agüero (2011) presents different challenges that are to 

resolved when integrating PV solar system. They discussed 

about challenges of installing MW size transformers and 

converters to connect the solar power on to the grid. Yi, 

Zhang (2012) checked the impact of solar PV system on 

power system stability and the effect of it on voltage 

performances. Greg J., Shirek and Brian A. Lassister (2013) 

discussed about the distribution system modelling with the 

photovoltaic solar systems. 

II. VOLTAGE STABILITY AND VOLTAGE COLLAPSE  

Voltage is considered as an integral part of power system and 

is considered as an important aspect in system stability and 

security. Voltage stability is the ability of a power system to 

maintain acceptable voltages at all buses in the system under 

normal conditions and after being subjected to a disturbance 

Voltage collapse typically occurs in power system which are 

usually heavily loaded, faulted and/or have reactive power 

shortages. Voltage collapse is system instability and it 

involves large disturbances (including rapid increase in load 

or power transfer) and mostly associated with reactive power 

deficits. The Equation of Voltage stability is as follows, 

V = (-2QX+E2)/2± (√((2QX - E2)-4X2(P2+Q2))/2) 

III. TRANSIENT ANALYSIS 

Transient stability of a power system refers to the ability of 

the system to reach a stable condition following a large 

disturbance in the network condition. In all cases related to 

large changes in the system like sudden application or 

removal of load, switching operations, line faults or loss due 

to excitation the transient stability of the system comes into 

play. It in fact deals in the ability of the system to retain 

synchronism following a disturbance sustaining for a 

reasonably long period of time. Mathematically, 

 
This is known as the swing equation for transient 

stability in power system. 

IV. TEST SYSTEM 

IEEE 13 bus system is chosen the test system for the analysis 

of the power system. IEEE 13 bus system is the 

interconnection of 12 buses through transmission lines. Loads 

of different values and capacity are connected at different 

buses and supplied from a grid. Standard IEEE 13 bus system 

consist of 12 buses, 7 lines, 1 transformer, 2 cables, 11 loads. 

This circuit model is very small and used to test common 

features of distribution analysis software, operating at 4.16 

kV. It is characterized by being short, relatively highly 

loaded, a single voltage regulator at the substation, overhead 

and underground lines, shunt capacitors, an inline 

transformer, and unbalanced loading. 

A. Simulation Model for Voltage Stability 

 
Fig. 4.1: IEEE 13 bus system drawn on ETAP 
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B. Simulation Model for Voltage Stability with Photovoltaic 

 
Fig. 4.2: Section of PV array in test system 

C. Simulation Model for Transient Stability 

On the IEEE 13 bus distribution system, we performed 

transient analysis after modifying the system by adding the 

distributed generator at one of its bus (bus no. 692). Since 

generator is responsible for transients, so, we created a fault 

on the bus no. 692. It is shown in the figure, 

 
Fig. 4.3: Section of modified test system 

V. RESULTS 

On performing load flow analysis on the above shown 

simulation model as shown in Fig 4.1 gives the following 

results. 

 
Fig. 5.1: Voltage profile curve 

The above Voltage profile curve as shown in Fig 5.1 

clearly tells that bus number 652 is the weakest bus and is 

also farthest from connected grid as shown in Fig 4.1 which 

makes it theoretically verified. Now for this test system bus 

P-V curves are drawn for obtaining voltage stability and point 

of voltage collapse along with the comparative result of the 

impact of PV arrays on the same system as shown in Fig 5.2. 

 
Fig. 5.2: P-V Curves for Bus No. 652 with PV 

For transient analysis, a L-G fault is created at an 

instant of 1 sec and it is cleared after 0.22 sec and then the 

following waveforms are obtained as shown in Fig 5.3, Fig 

5.4 & Fig 5.5 

 
Fig. 5.3: Bus Voltage transients 
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Fig. 5.4: Bus Voltage angle transients 

Since above both tha results are in the acceptable 

limits as per the standards; the bus voltage has setteled after 

3 sec and transits with in the range of ± 10% as shown in Fig 

5.3. And similar in case of bus voltage angle as shown in Fig 

5.4. 

 
Fig. 5.5: Bus Frequency Transients 

Since, bus frequency has settled down after 3 

seconds of transients and remains with in the acceptable 

limits of ±3%. 

VI. CONCLUSION & FUTURE SCOPE 

Studies are performed to evaluate the effect on the system’s 

voltage stability and transient stability with or without 

integration of Photovoltaic, presenting the results obtained 

for the IEEE 13-bus benchmark system. From the reported 

work, one can conclude that the PV does not affect the 

transient stability of the system.  Furthermore, it is interesting 

to note that the PV is improving system’s voltage stability by 

increasing the loadability margin in PV-control mode. Thus, 

based on the analysis presented here, and since nowadays 

peak demand takes place in most systems during high loading 

conditions in summer days, Photovoltaic in control mode 

could actually help improve system stability. 

Immediately after this analysis, one can carry this 

process ahead by controlling the penetration of PV to the 

system at different places and also by involving the use of 

other DGs like wind generators etc. So, it has great future 

scope to analyze further and one will get fruitful results out 

of it easily. 
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