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Abstract: Voltage instability problems have become important issues in unbalanced multiphase distribution networks.
This paper expands the well-known voltage index V/V0 and defines an improved positive sequence voltage index of
Vcollapse/VVno-load to identify the weakest single-, two- and three-phase buses in unbalanced multiphase distribution
networks. First, the ranking index is validated based on grid losses and PV curves without and with compensation
devices. Then, the index is utilized to place single-phase shunt capacitors, three-phase DG without and with SVC
devices at the most appropriate buses of the IEEE unbalanced multiphase 13 node test feeder using the
MATLAB/SIMULINK software. Finally, simulation results are presented to show the application of the proposed
approach in improving voltage stability under unbalanced loading and/or network conditions.
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I. INTRODUCTION

Voltage instability is becoming a challenging problem in distribution networks. The application of Distributed
Generator systems is growing to reduce costs and power losses. The connection of Distributed Generator to the grid
might improve the voltage profile and enhance the voltage stability of a distribution system while reducing active and
reactive power losses [1]-[4]. The improvements will mainly depend on the configuration of the distribution network,
type of distributed generation systems and load characteristics.

When the network is balanced, there are different methods to detect the weakest bus for Distributed Generator
placement such as modal analysis [5,6], sensitivity analysis [7], V/Vo index [8], [9], bus voltage change index [10], and
integrated bus voltage change index with reactive power margin [11]. All these techniques have the capability to
identify which node is the weakest bus of a balanced system. Moreover, providing enough reactive power support at the
suitable location (the weakest bus) to resolve the voltage instability problems in different situations [12]. However, the
problem becomes very difficult in multiphase and unbalanced operating conditions.

To find the weakest bus the bus ranking method is done where we will come to know which is the weakest bus to place
the compensating devices to improve the voltage .Here we already come to know which is the weakest bus of single
phase, two phase, and three phase in IEEE 13 bus test feeder.

To solve the voltage stability problem in unbalanced multiphase distribution network, IEEE 13 bus test feeder is used
in MATLAB SIMULATION software for different cases. The voltage is stabilized by using different compensator
like voltage regulator, single phase shunt compensator, static VAR compensator, distribution generator. The respective
simulation models and results are discussed further.

Il. VOLTAGE STABILITY

Voltage collapses usually occur on power system which are heavily loaded or faulted or have shortage of reactive
power. Voltage collapse is a system instability involving many power system components. In fact, a voltage collapse
may involve an entire power system. Voltage collapse is typically associated with reactive power demand of load not
being met due to shortage in reactive power production and transmission. VVoltage collapse is a manifestation of voltage
instability in the system. The definition of voltage stability as proposed by IEEE/CIGRE task force is as follows:

Voltage stability refer to the ability of power system to maintain steady voltages at all buses in the system after being
subjected to a disturbance from a given initial operating point. The system state enters the voltage instability region
when a disturbance or an increase in load demand or alteration in system state results in an uncontrollable and
continuous drop in system voltage. A system is said to be in voltage stable state if at a given operating condition, for
every bus in the system, the bus voltage magnitude increases as the reactive power injection at the same bus is
increased. A system is voltage unstable if for at least one bus in the system, the bus voltage magnitude decreases as the
reactive power injection at the same bus is increased. It implies that if, V-Q sensitivity is positive for every bus the
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system is voltage stable and if VV-Q sensitivity is negative for at least one bus, the system is voltage unstable. The term
voltage collapse is also often used for voltage instability conditions. It is the process, by which, the sequence of events
following voltage instability leads to abnormally low voltages or even a black out in a large part of the system. The
driving force for voltage instability is usually the loads and load characteristics, hence voltage stability is sometimes
also called load stability. In response to a disturbance, the power consumed by the loads tends to be restored by load
dynamics. This in turn increases the stress on the high voltage network by increasing the reactive power consumption
and further reducing the voltage.

A major factor contributing to voltage instability is the voltage drop in the line impedances when active and reactive
powers flow through it. As a result, the capability of the transmission network for power transfer and voltage support
reduces. Voltage stability of a system is endangered when a disturbance increases the reactive power demand beyond
the sustainable capacity of the available reactive power resources. The voltage stability has been further classified into
four categories: Large disturbance voltage stability, small disturbance voltage stability, short term voltage satiability
and long term voltage stability.

I11. PROPOSED METHODOLOGY

The IEEE unbalanced multiphase 13 node test feeder shown in Fig.1 [18] has been simulated using MATLAB
SIMULATION software. This Unbalanced multiphase feeder consists of three-phase (buses 650, RG60, 632, 634, 634,
671, 692 and 675), two-phase (buses 645, 646 and 684) and single-phase (buses 611 and 652) sections with overhead
lines, two underground lines (through buses 684, 652 and 692, 675), unbalanced spot loads (Y-PQ, D-PQ, Y-I, D-I, Y-
Z, D-2), distributed loads (Y-PQ) between buses 632 and 671, a single-phase shunt capacitor (at buses 611), a three-
phase shunt capacitor (at buses 675), and an in-line transformer (between buses 633 and 634). There is also a three-
phase voltage regulator connected between buses 650 and RG60.
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Fig 1: IEEE unbalanced multiphase 13 bus test feeder

Following are the different cases for simulation

Case 1: without a voltage regulator (fixed transformer tap ratio set to 1.0).

Case 2: with a voltage regulator and a single-phase shunt capacitor (0.1MVar) at bus 652.

Case 3: with a voltage regulator and one DG (358 kW) and one SVC (0.36MVar, acting as an unbalanced voltage
controller) installed at the weakest three-phase node (bus 675), and bus 680.

Simulink model for case 1

The below fig 2 is the simulation model of IEEE 13 bus unbalanced test feeder where all components are selected from
library and placed on model page. Here near bus 650 the step down transformer is connected where 115Kv is stepped
down to 4.16Kv and transferred to all the components of 4.16Kv.
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Simulink model for case 2
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Fig 3: Simulation model of case 2
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The above fig 3 gives details of case 2 where single phase shunt capacitor of 100KVAr is connected near bus 652 bus

and other components like voltage regulator and single phase shunt capacitor near bus 611 is added for further
compensation.

Simulink model for case 3
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Fig 4: Simulation model of case 3

The above fig 4 gives details of case 3 with one Distributed Generator and one Static VAR Compensator near bus no
680 as shown in red arrow mark and rating of distributed generator is 358 KW and SVC of 360 KVAr

IV. SIMULATION RESULTS
Case 1: Without voltage regulator
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Fig5(a): Waveform of phase A near bus 675(scopel) Fig 5(b): Waveform of phase B near bus 675(scopel)
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Fig 5(c): Waveform of phase C near bus 675(scope 1)

From above fig 5(a), 5(b) and 5(c) shows details of phase A,B,C near bus 675 scope 1 where the voltage is increased or
unstable during case 1 and voltage is increased to 8 Kv. Y-axis is voltage(Kv) and X-axis for time( sec).

Case 2: With single phase shunt capacitor near bus 652

Fig 5(d) : Waveform of phase A near bus 675(scopel)  Fig 5(e): Waveform of phase B near bus 675(scopel)

Fig 5(f) : Waveform of phase C near bus 675(scopel)

The above fig 5(d) ,5(e),5(f) shows waveform of case 2 with single phase shunt capacitor near bus 652 and voltage is
stabilized from 6.5Kv to 6Kv

Case 3: With one Distributed Generator and one SVC near bus 680

Fig 5(g): Waveform of phase A near bus 675(scopel) Fig 5(h): Waveform of phase B near bus 675(scope 1)
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Fig 5(i): Waveform of phase B near bus 675(scope 1)

Finally, for case 3 fig (g), 5(h), 5(i) extra distributed generator and SVC is used and voltage is stabilized around 4.5Kv
.S0, the voltage is stable in the entire buses IEEE 13 bus test feeder.

IV. CONCLUSION

The above information will tell about voltage stability , simulink model of IEEE unbalanced multiphase 13 bus test
feeder and outputs obtained from the simulink model is observed .From this the voltage will be unstable in IEEE
unbalanced multiphase 13 bus test feeder. By using different compensating devices like single phase shunt capacitor,
distributed generator and static VAR compensator near different weakest bus mention in [18] for single phase, two
phase and three phase system the unstable voltage is maintained constant in all the buses in the system after being
subjected to a disturbance from a given initial operating point. And in future not only voltage stability the maximum
loading factor and grid losses can be analysed.

REFERENCES

1. K. V.Kumarand M. P. Selvan, "Planning and operation of distributed generations in distribution systems for improved voltage profile," in
Proc. Power Systems Conference and Exposition, PSCE '09. IEEE/PES, 2009, pp.

2. L. Ramesh, S. P. Chowdhury, S. Chowdhury, Y. H. Song, and A. A. Natarajan, "Voltage stability analysis and real power loss reduction in
distributed distribution system," in Proc. Transmission and Distribution Conference and Exposition, T&D. IEEE/PES, 2008, pp. 1-6.

3. Syafii, K. M. Nor, and M. Abdel-Akher, "Analysis of three phase distribution networks with distributed generation," in Proc. Power and Energy
Conference, PECon 2008. IEEE 2nd International, 2008, pp. 1563-1568.

4. B. Gao, G. K. Morison, and P. Kundur, "Towards the development of a systematic approach for voltage stability assessment of large-scale
power systems," IEEE Transactions on Power Systems, vol. 11, 1996, pp. 1314-1324.

5. C. Sharma and M. G. Ganness, "Determination of the applicability of using modal analysis for the prediction of voltage stability," in Proc.
Transmission and Distribution Conference and Exposition, 2008. T&D. IEEE/PES, 2008, pp. 1-7.

6. M. Hasani and M. Parniani, "Method of combined static and dynamic analysis of voltage collapse in voltage stability assessment," in Proc.
Transmission and Distribution Conference and Exhibition: Asia and Pacific, 2005 IEEE/PES, 2005, pp. 1-6.

7. R.Phadke, S. K. Bansal, and K. R. Niazi, "A comparison of voltage stability indices for placing shunt FACTS controllers," in Proc. Emerging
Trends in Engineering and Technology, ICETET '08. First International Conference on, 2008, pp. 939-944

8. C. Reis and F. P. M. Barbosa, "A comparison of voltage stability indices," in Proc. Electrotechnical Conference, MELECON 2006. IEEE
Mediterranean, 2006, pp. 1007-1010.

9. 0. O. Obadina and G. J. Berg, "ldentifying electrically weak and strong segments of a power system from a voltage stability viewpoint,"
Generation, Transmission and Distribution, IEE Proceedings C, vol. 137, pp. 205-212, 1990.

10. G. Peng, S. Libao, Y. Liangzhong, N. Yixin, and M. Bazargan, "Multicriteria integrated voltage stability index for weak buses identification,"
in Proc. Transmission & Distribution Conference & Exposition: Asia and Pacific, 2009, pp. 1-5.

11. J. E. Candelo, N. G. Caicedo, and F. Castro-Aranda, "Proposal for the solution of voltage stability using coordination of FACTS devices," in
Proc. Transmission & Distribution Conference and Exposition: Latin America, 2006. TDC '06. IEEE/PES, 2006, pp. 1-6.

12. M. Abdel-Akher, M. E. Ahmad, R. N. Mahanty, and K. M. Nor, "An approach to determine a pair of power-flow solutions related to the voltage
stability of unbalanced three-phase networks," IEEE Transactions on Power Systems, vol. 23, 2008, pp. 1249-1257.3

13. H. Mori and K. Seki, "Non-linear-predictor-based continuation power flow for unbalanced distribution systems,”" in Proc. Transmission &
Distribution Conference & Exposition: Asia and Pacific, 2009, pp. 1-4

14. Z. Xiao-Ping, "Continuation power flow in distribution system analysis," in Proc. Power Systems Conference and Exposition, 2006. PSCE '06.
2006 IEEE PES, 2006, pp. 613-617.

15. X. P. Zhang, P. Ju, and E. Handschin, "Continuation three-phase power flow: A tool for voltage stability analysis of unbalanced three-phase
power systems," IEEE Transactions on Power Systems, vol. 20, 2005, pp. 1320-1329.

16. N. G. A. Hemdan and M. Kurrat, "Allocation of decentralized generators in distribution networks for enhancing normal operation loadability,"
in Proc. PowerTech, 2009 IEEE Bucharest, 2009, pp. 1-7.

17. P.Pillay and M. Manyage, "California Electricity Situation," Power Engineering Review, IEEE, vol. 21, pp. 10-12, 2001.

18. Voltage Stability Enhancement for Unbalanced Multiphase Distribution Networks P. Juanuwattanakul, Student Member, IEEE, and
Mohammad A.S. Masoum, Senior Member, IEEE 2010

Copyright to IJIREEICE DOI 10.17148/1JIREEICE.2017.5814 80



UGC Approved Journal
IJIREEICE SSN (rin) 2321 - 5526

International Journal of Innovative Research in
Electrical, Electronics, Instrumentation and Control Engineering

ISO 3297:2007 Certified
Vol. 5, Issue 8, August 2017

BIOGRAPHIES

Jyothsna, obtained BE degree from BNMIT Bangalore in 2013.currently pursuing master degree in
University BDT college of Engineering, Davangere, Karnataka, India

H N Ashoka BE, Msc (Engg) he is working as Associate Professor in University BDT college of
Engineering Davangere

Copyright to IJIREEICE DOI 10.17148/1JIREEICE.2017.5814 81



