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ABSTRACT: The purpose of this paper is to examine the Maximum Watt Margin (MWM) of different buses of
a multi-bus system. Load Flow analysis is carried out by using Newton Raphson iterative method and the
weakest and the strongest buses are determined by using 0Qy/0V; index. A study is also performed to observe the
variation of Maximum Watt Margin (MWM) with the degree of weakness of the bus. P-V and Q-V profiles are
observed and reported. The whole method is tested on the IEEE-57 bus system and the observations are
revealed in this paper.
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l. INTRODUCTION

The electricity demand is increasing day by day but the source is limited. Hence stability is a main
concern now a day. Voltage instability is caused mainly due to reactive power imbalance. The maximum power
transfer capability or loadability of a bus in the interconnected grid system depends on the amount of reactive
power which the bus can receive from the system. Otherwise the system will approach towards Voltage collapse
phenomenon. Voltage collapse phenomena in power systems have become one of the important concerns in the
power industry over the last two decades, as this has been the major reason for several major blackouts that have
occurred throughout the world [1]. Hence, the ability to determine voltage stability before voltage collapse has
received a great attention [1].

‘Voltage stability’ is concerned with the ability of power system to maintain the steady acceptable
voltages at all system buses under normal conditions as well as when the system is being subjected to a
disturbance [14]. Voltage stability is maintained if voltages after a disturbance are close to the base voltage. A
power system becomes unstable when voltage decreases below the limit known as voltage collapse point.

All the buses have some maximum limit of delivering active power to its connected load without affecting the
voltage stability. This Maximum limit is known as Maximum Watt Margin (MWM). It is also known as the
loadability of the bus which indicates the robustness of the system.

Load Flow analysis has been done using Newton-Raphson iterative method on an IEEE 57 bus system
and the weakest and strongest bus of the system are determined with the help of 0Q;/0V; index which are found
from the Jacobian matrix. Also the Maximum Watt Margins of the various load buses are determined and the
variation of Maximum Watt Margin with the degree of weakness of the buses is observed.

1. DETERMINATION OF THE WEAKEST LOAD BUS ,STRONGEST BUS, AND
MAXIMUM WATT MARGINS (MWMS)
Newton-Raphson Load Flow analysis is carried out on the IEEE-57 bus system. The variation of active
power (P) and reactive power (Q) is determined with the following equation-

AP [3, 3, A6 1
AQ = J3 J4 A|V| .............................. )]

The matrix J= [J1 J2; J3 J4] of equation (1) is known as Jacobian Matrix. The degree of weakness of the i-th bus
or the reactive power sensitivity of the corresponding bus is determined by using the value of diagonal elements
of J4 matrix. The maximum value of 0Qi/0|Vi| corresponds to the strongest bus and the minimum value
corresponds to the weakest bus [1].

If there is change in the active or reactive power of any bus the voltage level of the corresponding bus
decreases. This event can be observed from the plot of power transferred versus the voltage level (per unit) of
that bus. The plots are popularly referred to as P-V curve or “Nose” curve [1]. The decrease in voltage level
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with the increase in active power transfer is reflected in the P-V profile. It is plotted by keeping the value of
reactive power (Q) constant. Similarly, Q-V curve can also be plotted by keeping the active power (P) constant
and gradually increasing the reactive power (Q) level of the bus. Now the voltage collapse point is determined
from this P-V and Q-V profiles. Voltage Collapse point is the critical point beyond which the Newton-Raphson
load flow Method fails to converge. Such a load point represents the “knee” point of the P-V and Q-V curve
[1]. This is the point at which the voltage stability of the system is lost. From the P-V profile of the bus the
Maximum Watt Margin (MWM) can be determined.

I1l.  FIGURES AND DATA TABLES

= :

[16]
Fig-1: IEEE 57 Bus System[16]

The IEEE-57 bus system is shown in figure-1. There are three type of buses-
1 - Slack Bus

2 - PV Bus

3-PQ Bus

The minimum value of (8qi/dvi) corresponds to the weakest bus and the maximum value corresponds
to the strongest bus. Hence for this system 31% bus is the weakest, 19" is the next weakest and 22" is the
strongest bus.

The P-V and Q-V profile of the weakest, next weakest and strongest bus are shown in the figure below-
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The Maximum Watt Margin (MWM) as obtained from the analysis for the weakest, next weakest and strongest
bus are tabulated below-

Table-1:-
Load Bus No. System Bus No. Maximum Watt Margin (MWM) in MW
24 31 65.5
12 19 75
15 22 430.7

IV.  CONCLUSION
The variation of Maximum Watt Margin (MWM) with the degree of weakness of the bus is also plotted
and shown in the figure below-

Therefore it is seen from the curve that Maximum Watt Margin (MWM) decreases as the degree of
weakness is increased i.e. the weakest bus (31% bus) has minimum MWM whereas the strongest bus (22™ bus)
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has maximum value of MWM without effecting the voltage stability of the system. This maximum value of
power transfer capability of a bus may be increased with reactive power compensation as the magnitude of the
voltage of a bus depends on the reactive power level.
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