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Abstract:
Due to the increasing loads in power networks and the diversity of these loads, the need to maintain stability
and performance in critical networks is becoming more urgent. Meanwhile, the presence of distributed
generation (DG) in various areas complicates efforts to maintain optimal performance in these regions.
Voltage stability margin is one of the most important technical and functional characteristics of the power
system. In fact, the voltage stability limit is the network's resilience to increased load utilization and transient
disturbances.
In recent studies, the voltage stability index has been defined as the initial absolute value of the deviation
from the unit voltage. Since the bus voltage is related to both the real and reactive power passing through the
branches, placing a WT at an appropriate bus with optimal capacity can enhance voltage stability. This paper
aims to develop a new index for voltage stability and optimal allocation of DG in a radial distribution system
to improve operations such as voltage profile enhancement, reduction of power losses, improvement of
voltage reliability, and reduction of growing costs. To more accurately assess and compare costs, the
objective function is formulated as a profit function, evaluating the positive impact of the proposed method
and index while considering WT power uncertainty on IEEE 33 and 37 bus standard networks
In section third, a proposed voltage stability index for optimal allocation of DG in a radial power distribution
system is introduced. Figure 2 shows the equivalent circuit of a simple radial distribution system with two
buses, where a power source with voltage V1 is located at the beginning of the distribution network and the
load (P2+jQ2) is located at the end of the distribution network. Considering equation (7), it is observed that
for stable bus voltages, the quadratic equation in terms of V2 must have a solution, that is, A must be a non-
negative equation. Therefore, the following inequality is obtained:
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So, the new index for voltage stability is presented:
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Under normal operating conditions, the value of the proposed voltage stability index should be less than
unity.

Third section presents an efficient approach to determine the optimal locations of WTs in distribution
systems, taking into account the uncertainties in WT power generation and the load demand of consumers.
Daily load profiles, as well as the seasonal and geographically dependent behaviors of WTs, are also

Iranian Electric Industry Journal Quality & Productivity Vol. 14 / No. 4/ Winter 2025


https://ieijqp.ir/article-1-1051-fa.html

[ Downloaded from ieijgp.ir on 2026-06-10 ]

Iranian Electric Industry Journal Vol. 14/ No. 4/ Winter 2025
Quality & Productivity ISSN 2322-2344
P.P 60 -77 EISSN 2717-1639

considered. The proposed probabilistic approach is based on scenario tree modelling, and each scenario is
evaluated with respect to minimizing power losses. The TOPSIS method (Technique for Ordering Preference
Based on Similarity to an Ideal Solution) is then adopted to adjust the optimal WT placement, considering
the mean and standard deviation of active power losses.

Fourth section presents several types of technical constraints are considered in the benefit functions. By
assigning different weights to each function, the impact of technical constraints on the total benefits is
evaluated. To create a comprehensive analysis, four different scenarios are presented as follows:

* Scenario 1: Base case study structure without considering WT

* Scenario 2: Optimal placement of one WT

* Scenario 3: Optimal placement of two WTs

* Scenario 4: Optimal placement of three WTs

For scenarios 2, 3, and 4, two different cases are considered as follows:

* Case 1: WT location at unity power factor

* Case 2: WT location at adjustable power factor

In this study, the goal is to increase the profitability of the private sector and the distribution system operator
by considering the technical constraints. Finally, in Section 4, the results from the standard IEEE 33- and 37-
bus networks were thoroughly examined. The results show that the proposed index, along with the AHP
process and the developed algorithm, performs well and, while controlling the optimal size and location of
DG, provides better performance and improves the voltage stability margin. The most important factor in the
accuracy of this operation is the consideration of uncertainty and its related equations, which bring the
obtained results closer to reality.
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