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ABSTRACT

This study investigates the use of network reconfiguration as a cost-effective
method to optimize power system performance through the minimization of
fault currents and power losses. In single-objective optimizations, the study
targets the reduction of the average fault current of the buses and the power
losses individually. Additionally, a multi-objective optimization study is
conducted to address both parameters simultaneously. Optimization
scenarios are applied on 33-bus test system through Walrus Optimizer. The
results demonstrate that reconfiguration can significantly reduce power
losses and fault currents, compared to the base configuration of the test
system, which had a power loss of 202.60 kW and an average fault current
of 2.60 p.u. Single-objective optimizations reduced power losses to 139.551
kW and minimized average fault current to 2.130 p.u. Furthermore, the
multi-objective optimization provided a range of Pareto optimal solutions,
examining both criteria and highlighting the flexibility of reconfiguration in
adapting to power system needs.
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OZET

Bu caligma, ekonomik bir yontem olan sebeke yeniden yapilandirmasini,
ariza akimlar1 ve gii¢ kayiplarinin en aza indirilmesi yoluyla gii¢ sistemi
performansint optimize etmek i¢in incelemektedir. Gergeklestirilen tek
amaglt optimizasyon calismalar1 ile hatlardaki ortalama ariza akiminin ve
giic kayiplarinin azaltilmas: ayr1 ayri hedeflemektedir. Ayrica, her iki
parametreyi ayni anda ele alan bir ¢ok amagli optimizasyon g¢aligmas: da
yiriitiilmistiir. Optimizasyon senaryolari, 33 barali test sisteminde Walrus
Optimizer algoritmas: kullanilarak uygulanmistir. Sonuglar, yeniden
yapilandirmanin, test sisteminin 202.60 kW gii¢ kayb1 ve 2.60 p.u. ortalama
ariza akimina sahip baz yapilandirmasina kiyasla gii¢ kayiplarini ve ariza
akimlarint 6nemli Olgiide azaltabildigini gostermektedir. Tek hedefli
optimizasyon caligmalari, gii¢ kayiplarin1 139.551 kW'a ve ortalama ariza
akimmi 2.130 p.u.'va disirmistiir. Ayrica, ¢ok amacl optimizasyon
calismasi, her iki kriteri de inceleyerek Pareto optimal ¢oziimler aralig:
sunmus ve yeniden yapilandirmanin gii¢ sistemi ihtiyaglarina uyum saglama
konusundaki esnekligini vurgulamustir.
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Nomenclature

Abbreviations WO Algorithm parameters
\WYe} Walrus Optimizer Lbound lower boundary
FCL Fault current limiter Ubound upper boundary
PSO Particle swarm optimization t iteration number
DG Distributed generation T maximum iteration limit
DQPSO  Discrete quantum PSO n population size
MILP Mixed-integer linear programming d dimension of variables
GWO Grey wolf optimization Mand F  male and female walrus
AFC Average three-phase fault current of the buses r/rand(.) random number
Power loss calculation variables 0 reference safety position
. ] . h . a constant value (chosen 1.5)
Pk Active power loss of the line between j** and k™ buses B the migration step control factor
Pl Total active power loss of the test system foa fitness values for agents
Tk Resistance of the line between j™ and k™ buses Xit]ffl updated position for the i** walrus
Iix Current of the line between j™ and k™ buses Xlt current position for the it" walrus
Vi Voltage of the bus k XtJ the lead walrus position
P, Qi  Active and reactive power at k'™ bus F_?_fft next position for the i female walrus
SWiy  Status of the line between j™ and k™ buses Flt] current position for the i* female walrus
Radiality ;1931 next posmo'n- for the ith . |mmature
Lj current position for the it immature
Nos Number of the opened switches Jij denotes positions of two randomly
Nes Number of the closed switches Xhh Xh  selected walrus from the population
Niine Number of the lines Xnd search agents’ (walrus) positions
Npys Number of the buses P distress coefficient of immature walrus
Nsource  Number of the sources LF random numbers based on Levy distribution
A Bus incidence matrix
a; Elements of the bus incidence matrix
Fault calculation variables
Uy Pre-fault voltage of the bus
Zon Self-impedance of the bus
Vi1--Yon--YNn  Elements of the admittance matrix
If Three-phase fault current of bus n
Iarc Avg. three-phase fault current of test system

1. INTRODUCTION

The global rise in population and advancements in technology are incrementally driving up the demand for
electrical energy. In response to this growing need, new power plants are being brought into operation. This
development results in elevated short-circuit powers and short-circuit currents within electrical power systems.
Additionally, the increased load levels on the electrical power systems leads to higher power losses, which
negatively effects the efficiency and reliability of power distribution. Minimizing the power losses and fault
currents is crucial for the modern power systems as they increase the operational costs and can impact the overall
stability and reliability.

For the mitigation of fault currents, equipment-based solutions such as reactors [1,2], high-impedance transformers
[3,4], and modern fault current limiters (FCL) [5,6] are preferred, along with operational methods such as bus
splitting [7,8], and feeder reconfiguration [9,10]. Feeder reconfiguration emerges as an economical solution to
limit fault currents as it does not require additional equipment. In addition, it can offer different solutions according
to the requirements of power systems, as it can be useful in several issues such as enhancing power quality [11],
minimizing power losses [12] and improving the voltage profile of the power systems [13]. There are numerous
studies in the literature that focus on enhancing power systems by addressing power losses and fault currents
through reconfiguration. A. Amin et al. conducted an optimal reconfiguration study with an enhanced Brute-Force
algorithm to reduce fault currents in power systems, considering both steady-state stability and generator rotor
angle stability [14]. D. Topolanek et al. have studied the reduction of fault currents on a real distribution system
through reconfiguration approaches involving bus splitting and area separation methods [15]. In [16], an algorithm
based on Particle Swarm Optimization (PSO) is used for the optimal reconfiguration of IEEE 83-Bus distribution
system to mitigate fault currents within the suitable voltage profiles of the buses. In [17], a graph theory-based
method is proposed for reconfiguration considering loadability and short circuit capacity to enhance network
security and reliability. In [18], a mixed-integer linear programming (MILP) model is developed for unit
commitment and transmission switching. The study focuses on short-circuit current levels to enhance renewable
energy integration while ensuring system protection and reliability. systems in another paper [19], an optimal
reconfiguration study was conducted using a PSO-based algorithm to mitigate fault currents in the power system
in case of failure of the existing FCL equipment.

In [20], which aims to reduce power losses through feeder reconfiguration, the line topologies of IEEE-33 and
IEEE-69 bus test systems, which include different distributed generation (DG) models, have been optimized using
Discrete Quantum Particle Swarm Optimization (DQPSO). In [21], the power losses of IEEE test systems and a
real distribution system in Brazil have been reduced through a feeder reconfiguration study conducted using MILP.
During the study, new linear approaches for line losses and DG integration were introduced. In [22], a hybrid
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algorithm consists of Grey Wolf Optimization (GWO) and PSO is employed to address total losses through feeder
reconfiguration. During the study, diverse forms of distributed generation (DG) integration were implemented
before, after, and during the reconfiguration process across different scenarios. Finally, the results of the scenarios
are comparatively analyzed. Kamel et al. have introduced a novel application of the Geometric Mean Optimization
algorithm combined with the Power Loss Sensitivity Index to address optimal network reconfiguration and DG
unit allocation in distribution networks. The study aims to maximize the Voltage Stability Index and minimize
total active power loss and voltage deviation [23]. In another study, the uncertainties in power generation and
consumption are taken into account during the network reconfiguration to reduce power losses in several IEEE
test systems that includes distributed generation [24]. L. H. Macedo et al. have conducted various optimal
reconfiguration studies on an 84-bus test system to reduce total power losses while allowing closed-loop operation
[25]. To mitigate the increase in fault currents, which is the main disadvantage of closed-loop operation, the fault
current on the buses was allowed to increase by a maximum of 25%.
In this study, Walrus Optimizer is employed to perform optimal feeder reconfiguration including multiple
scenarios on the IEEE-33 bus test system. During the investigation, it is aimed to reduce fault currents and power
losses individually through separate cases. Additionally, a multi-objective optimization study was conducted to
address both criteria simultaneously. Meanwhile, bus voltages are maintained within appropriate values. The
results highlight that feeder reconfiguration can effectively address different criteria such as reliability and
economic considerations in power systems.
The main contributions of this study to the literature are as follows:
e In this paper, a novel application of the Walrus Optimizer algorithm for optimal feeder reconfiguration
in the IEEE-33 bus test system is introduced.
e The test system investigated through single-objective and multi-objective optimization cases to minimize
power losses and average three-phase fault currents under the suitable bus voltage profiles.
e The results provide new insights into the trade-offs between fault current mitigation and power loss
reduction. Also, outcomes highlight the potential of feeder reconfiguration to enhance power system
reliability and economic efficiency by addressing various operational criteria.

2. THEORETICAL BACKGROUND

This study aims to minimize active power losses and average three-phase fault currents separately and
simultaneously through reconfiguration under appropriate bus voltage profiles. In this chapter, the mathematical
expressions of the optimization process have been shared.

2.1. Reconfiguration

During the reconfiguration scenarios, the radial structure of the test network is maintained in the obtained line
topologies. The process of radiality check is explained below [12,26]. Eq. (1) and Eq. (2) represents the number
of switches that need to be opened and closed for radial networks.

opened __

Nswitches - NLine - NBus + NSource (1)
closed _

Nswitches = Npus — 1 (2)

Additionally, the following criteria must be ensured for radial operation of the test network.

e The loads must be fed from a single source.

e The distribution system must not have a closed loop.

e  All nodes must be inside the subgraph
Bus incidence matrix is used to check radiality of the obtained topologies. It is an Ng, XNy, matrix and its
elements are determined as follows:

aj= 0 ifline i is not connected to bus j
A= a; =—1 if line i is oriented towards bus j 3)
aj= 1 if line i is oriented away bus j

After building bus incidence matrix, the radiality is determined as follows:

~\ _ (—1lor1l Radial
det(A) = { 0 Not Radial )

2.2. Power Loss Calculations

One of the main purposes of this study is to minimize active power losses through reconfiguration. The active
power loss of a line in the power system is calculated as follows [12]:
2
B = T [Tl ®)
In addition, Eq. (6) provides the total power loss in the distribution system, considering the contributions of all
branches and incorporating both active and reactive power terms.
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It includes a summation over all branches and introduces a switching variable to account for the dynamic structure
of the system [27].

Ni P2 + Q2
k k
Pl = ) r(j,k)-<7vk2 ) SWiko ©)

ik=1,

2.3. Fault Current Calculations

In this study, the faults occurring in buses are considered as three-phase faults, which are the most dangerous fault
type for power systems, and the calculations have been made accordingly. The fault current magnitude at bus n
can be found with Eq. (7).

)
f _ -0
=" (7

During the fault calculations, all pre-fault voltages of the buses are accepted as 1 p.u [28]. The bus admittance
matrix is obtained for the different topologies of the test system. Based on this, the column of the impedance matrix
that contains the self-impedance (Z,,) for the bus where the fault current is to be calculated can be derived
employing Eq. (8) [28].

Y11 > Y 0 YiN rZ1n'| 0

: : H IR E
lYnl Ynn Yan [Znn = \f[J (8)

YN1 " YNn " VNN ZNn 0

Finally, the AFC of the test system is calculated as below.
Npus/yf
it (|
IAFC = % (9)
Bus

2.4. Problem Formulation

This study addresses the minimization of average fault currents and total active power losses through single-
objective and multi-objective optimization approaches. The study was conducted on 4 cases. In Case 1, the base
case of the test system is examined. In Case 2 and Case 3, total active power losses and AFC were minimized
through a single-objective optimization studies by using the objective functions in Eg. (10) and Eq. (11),
respectively.

OF, = mxin(P'}‘otal) (10)
OF; = mxin(IAFC) (11)

In Case 4, a multi-objective optimization approach has been applied to investigate the test system in terms of AFC
and active power losses according to the objective function given below:

OF3 = mxin(OFl, OFz) (12)

2.5. Constraints

During the optimization study, the following constraints were considered to ensure stable and safe operation of the
test network. Eq. (13) and Eq. (14) represents the voltage limits of the load and source buses, respectively
[26,29,30].

O'g'v}.i’,us.load =< V}.i%us.load < 1'1'Vli3us.load (13)
0'95'VElius.source < VElius.source = 1'OS'VEl!us.soulrce (14)

Accordingly, the allowable voltage fluctuations for load and source buses are defined as +10% and +5%,
respectively. In addition, the constraint ensuring that the transmission capacities of the lines are not exceeded is as
follows:

[iLine = IiLine.max. (15)

3. WALRUS OPTIMIZER

In this article, the recently developed Walrus Optimizer has been used to minimize fault currents and power losses
[31]. The optimization process in WO begins by using a collection of randomly generated candidate solutions.

X = Lpound + rand(Upound — Lbound) (16)
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Walruses act as agents in executing the optimization process, with their positions undergoing continuous updates

throughout iterations.

[X1,1X12 - X1,4]

X21X22 .. X
m (17)

-Xn,lxn,z Xn,d- nxd

[(f11f12 - fra)]

X — (fZ,le,:Z: :... fz‘d) (18)

-(fn,lfn,z I:n,d)-

The walrus population is segmented into adults and immatures, with adults making up 90% and immatures 10%
of the total population. The ratio of males to females within the adult walrus population is equal, standing at 1:1.
Walruses exhibit high vigilance during foraging and roosting, with 1 to 2 walruses acting as guards that patrol the
area. They promptly emit danger signals upon detecting unexpected situations according to the expression below:

nxd

Dangergignal = (2 - %) (2.rand(.) — 1) (19)

Safety signal is expressed in Eq. (20):
Safetysignal = rand(.) (20)

When risk factors reach a critical level, walrus herds will move to regions more favorable for their survival. During
this migration period, the location of the walrus is updated using the following formula:

Xt = Xij + (X5 — XH).B.r3
1

— (21)
- e<— T *10)

Here, X{}l represents the next location for the i™™ walrus on the j™ dimension, ijj is the represent the present
position of the itM walrus in the j* dimension, Migration step ((X&, — X5). B.r3) denotes the step size of walrus
movement, two vigilantes are randomly chosen from the population, and their locations are represented by Xt and
X%, B is the migration step control factor that varies smoothly with iteration, and r5 is a random number between
0and 1.

The influence of the male walrus (Mf]) and the lead walrus (Xj,...) on female walrus changes over iterations, with
the female walrus becoming less affected by the mate and more influenced by the leader as the iteration process
proceeds.

Fift =Ffj + o (Mf; — Ffj) + (1 — o). (Xbest — Fij) (22)

B=1-

The next location for the i*" female walrus on the j™ dimension, denoted as Ff]“ is determined by considering the
positions of the i*" male walrus (My;) and the current position of the female walrus (F{;) on that dimension at time

t. Immature walruses situated at the population's edges face threats from killer whales and polar bears, necessitating
adjustments to their current positions to evade predation.

it = (0=Ji)-P (23)
Here, the next position for the i™™ immature walrus on the j™dimension, denoted as (J{}*), is determined by
considering the current position of the immature walrus (J{;), the distress coefficient P (a random number between
0 and 1), and the reference safety position O.

0= X%)est + ]lt.] LF (24)
Additionally, the position is influenced by LF, a vector of random numbers following a Lévy distribution that
represents Lévy movement.

X
Levyﬂight((x) = 005_1 (25)
lyla
where x is N (0, 62) and y is N (0, cf,). oy & o, shows the standard deviations and given in Eqg. (26).

Qlr

I'(1+ a)sin (%)

P

Oy = , 0y=1, a=15and TI(q) = f td=1 e~tdt (26)

0
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where q takes values for all real numbers except negative integers (q > 0 and q € R). The graphical representation
of the I function is typically in the form of a curve and corresponds to factorial values for positive integers.
During underwater foraging, walruses face threats from natural predators and respond by fleeing when they receive
danger signals from other walruses. This behavior typically occurs in the later stages of the iteration process in the
WO model, and introducing some level of disturbance to the population aids walruses in exploring their
environment globally.

Xit}'l = Xit']" R-— |Xltnest - Xit.]' | r‘% (27)

The distance between the best walrus and the current walrus is represented by | X — Xi; |, where r, is a randomly
generated number within the range of 0 to 1.

Walruses engage in cooperative foraging and movement, using the positions of other walruses in their group. By
sharing location details, they enhance the herd's chances of discovering sea areas with more plentiful food sources.

Xt+1 — (Xl + XZ)
1) 2

— yt t t
Xl - Xb(-:*st - U3. bl' |Xbest - Xi.j|

28
Xo = Xee = t3.Dy: [Xfee = XY )
o = B rand(-) - B
b = tan(0)

The gathering behavior of walruses is influenced by two weights, X; and X,. Xt represents the position of the
second walrus in the current iteration, and |X§ec - X{_j| indicates the distance between the current walrus and the

second walrus. The gathering coefficients o and b play a role, along with a randomly generated number rand(.)
within the range of 0 to 1. 0, which represents angles, varies between 0 and .

4. CASE STUDY

Network reconfiguration allows for enhancements in power systems across various operating parameters. The
investigation of the test system with different reconfiguration scenarios was carried out through 4 case studies as
shown in table below:

Table 1. Case studies.

Case 1 Case 2 Case 3 Case 4
Scenarios Initial Case ~ Minimizing P},,,,  Minimizing [azc ~ Minimizing P}, & AFC
Objective Function - OF,; = mxin(P%otal) OF, = min(lapc) ~ OF3 = min(OF,, OF)

4.1. Test System

The case studies within the scope of the study were conducted on the 33-bus test system shared in Figure 1 [23].
It is a widely used benchmark system in the power systems community, providing a standard platform for testing
and validating new methodologies [17,20,23]. The system operates at 12.66 kV and it has a single generation unit,
33 buses and 37 switches, including 5 tie switches and 32 sectionalizing switches. The system contains 50751
different radial configuration possibilities. In the base case, the opened switches are S33-S34-S35-S36-S37. During
the fault calculations, sub-transient reactance of the generator is accepted as 0.2 p.u.

@@ ®
s2a | sz2a |
256?3225.2330@:?

Figur

@D

1. 33-Bus test system [23].

4.2. Results and Discussion

In this section, the results of single-objective and multi-objective optimization studies are shared and evaluated
comparatively.

421 Casel

Case 1 investigates the employed test system through its base topology, with the open switches S33, S34, S35,
S36, and S37. Accordingly, the operational specifications of the test system for Case 1 are as follows:
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Total active and reactive powers in the system are 3.72 MW and 2.3 MVAR, respectively.

The total power loss in the distribution network is 202.6771 kW and 135.14 kVAr.

The minimum voltage magnitude in the system is 0.9131 p. u at bus 18.

The maximum 3-phase fault current magnitude is 5 p. u at bus 1 and the average three-phase fault current
for all buses is 2.60 p.u

42.2. Case2 & Case3

Single-objective optimization studies are carried out in Case 2 and Case 3, focusing on power losses and AFC,
respectively. The results for single-objective optimization studies are shared in Table 2, along with the Case 1.
Accordingly, in Case 2 focusing on power losses, the active and reactive losses have been reduced to 139.551 kW
and j102.297 kVAr, respectively. In the case of this network topology, AFC of the buses has decreased to 2.537
p-u.

In Case 3 focusing on AFC of the buses, AFC value of the network has been reduced to 2.130 p. u. Nevertheless,
the active and reactive power losses have increased to 233.040 kW and j189.236 kVAr, respectively.

Table 2. Network operational parameters according to the cases.

Open Switches Active Loss Reactive Loss AFC Min. Voltage
(Tie-Switches) (kW) (KVAr) (p.u.) (p.u.)
Case 1 33-34-35-36-37 202.677 j135.140 2.600 0.913-Bus 18

Case 2 7-9-14-32-37 139.551(-31.146%) *  j102.297(-24.302%) *  2.537(-2.423%)*  0.937-Bus 32
Case 3 3-7-10-21-31 233.040(+14.980%) *  j189.236(+40.029%) * 2.130(-18.076%) * 0.900-Bus 32
*Percentage values were given according to Case 1.

The comparison of the fault currents for each case is shown in Figure 2 (a). Accordingly, a significant decrease
has been achieved in the fault currents of the buses numbered 4-7, 11-14, 22, 26-28 and 32.

Nevertheless, there is a noticeable increase in fault currents only in busbars 29-31. These increases will not cause
reliability issues if it remains below the capacity of the circuit breakers, otherwise it can be prevented by using
fault current limiters.

On the other hand, in all scenarios, the bus voltages have not fallen below the specified minimum value.
Additionally, the best voltage profile was achieved in Case 2. The voltage profile for the test network is shown in

Figure 2 (b).
. l |-Ctiase 1
I Case 2
[ "Case3
5 10 15 20 25

30
Bus Number

(@) (b)

Figure 2. Results according to the cases (a) bus fault currents (b) bus voltages.

5

10 mmmm Case 1

S

w

N

Fault Current Magnitudes (p.u.)

[=]

4.2.3. Case4

As can be seen in Case 2 and Case 3, various parameters are taken into consideration in the operation of the power
system and feeder reconfiguration seriously affects these parameters. In this section, a multi - objective
optimization study considering AFC and power losses has been carried out. As the result of the study, different
network topologies have been obtained. Accordingly, AFC and power loss results for obtained topologies are
shared in Figure 3.

Optimal Pareto solutions are shown in red circles as non-dominated solutions. A solution is defined as dominated
if it is worse than at least one other solution in all considered objective functions. On the other hand, a solution is
considered non-dominated or Pareto optimal solution if there is no other solution that improves one objective
without degrading another. Non-dominated solutions have the AFC value between 2.130 p.u and 2.537 p.u,
representing a change of -18.076% to -2.423% compared to original case. Additionally, active power loss changes
between 139.551 kW and 233.04 kW, corresponding to a change of -31.146% to 14.980% compared to original
case. As can be seen that, numerous network topologies exist which have lower AFC value and reduced power
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losses compared to the base case. All dominated and non-dominated solutions are listed in Table 3. Additionally,
it is observed that the average fault current and power losses change inversely. Depending on the current needs of
the power system, the operational topology can be decided by prioritizing either reliability or economy.

240

R Y

Dominated
° O Non-dominated

220 f

Power Loss [kW]
- N
[e:] o
o o

-
[«2]
o

140 f

120 L L L L L
2.1 2.2 2.3 2.4 2.5 2.6 2.7

Fault current magnitude (p.u.)
average

Figure 3. I, ¢~ Vs active power losses for different optimal network topologies.

Table 3. Dominated and non-dominated results.

. Lo oge Active loss Reactive Loss Min. Bus Voltage
Open Switches (o) (kW) (KVAT) (p.1.)
11-12-18-25-36 2.3761 211.5065 146.6899 0.9278
11-12-18-25-32 2.3580 211.7351 147.2179 0.9248
8-14-17-18-25 2.2459 234.3931 169.2775 0.9064
3-9-15-21-28 2.1697 210.2430 170.8469 0.9126
11-14-18-25-32 2.3367 212.5978 148.7414 0.9236
9-12-18-25-32 2.3190 213.1118 148.9607 0.9258
9-13-18-25-31 2.2879 222.4600 158.4661 0.9079
9-13-18-25-32 2.3109 213.2908 149.3724 0.9277
9-14-18-25-32 2.2977 216.4597 152.8585 0.9183
7-11-25-31-34 2.4500 160.0613 128.9963 0.9155
3-8-11-17-28 2.2064 183.0589 148.2700 0.9316
4-8-11-17-28 2.2896 172.7313 137.4788 0.9346
6-9-14-25-32 2.4624 160.9720 125.1944 0.9376
6-11-25-32-34 2.4471 162.5563 127.1410 0.9357
8-11-15-18-25 2.2445 235.4989 169.1125 0.9095
3-8-9-28-36 2.2289 181.1149 148.8970 0.9279
8-10-15-18-25 2.2575 234.2205 167.9628 0.9125
6-11-32-34-37 2.4919 144.4019 111.0024 0.9357
8-10-17-18-25 2.2304 237.4514 172.3620 0.9011
8-9-17-18-25 2.2428 235.9099 170.9528 0.9039
3-10-26-34-36 2.2721 178.6311 143.9372 0.9349
8-14-15-18-25 2.2760 232.2825 166.0951 0.9154
8-14-16-18-25 2.2659 232.6021 167.0269 0.9137
8-13-17-18-25 2.2415 236.6772 170.9970 0.9016
3-11-25-32-34 2.2465 179.2272 144.9568 0.9302
8-9-16-18-25 2.2614 233.8085 168.3061 0.9101
6-8-11-36-37 2.4560 151.3593 115.9789 0.934
3-8-14-28-32 2.2079 181.4116 150.3277 0.9215
5-10-28-34-36 2.4013 163.8116 130.7143 0.9368
3-10-28-32-34 2.1697 210.2430 170.8469 0.9126
4-11-27-34-36 2.3450 168.4078 134.3007 0.9381
4-8-11-28-36 2.2710 173.4174 140.5817 0.9278
4-10-27-34-36 2.3498 168.1951 134.2584 0.9366
3-11-26-32-34 2.2441 179.3020 146.2572 0.9289
4-8-11-28-32 2.2478 175.3626 144.2627 0.9205
3-9-28-32-34 2.2258 181.2891 150.7076 0.9234
4-10-28-32-34 2.1697 210.2430 170.8469 0.9126
4-10-28-34-36 2.3289 168.4310 135.5913 0.9354
3-8-14-17-28 2.2530 179.0256 144.2372 0.9353
3-8-11-28-36 2.1878 184.4317 151.9827 0.9248
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Table 3. Dominated and non-dominated results (continued).

] I e Active loss Reactive Loss Min. Bus Voltage

Open Switches (o) (kW) (KVAT) (p.1.)
5-8-14-28-36 2.3883 164.2258 130.9733 0.9339
5-8-14-28-32 2.3635 165.3620 133.7157 0.9259
3-8-11-28-32 2.1646 186.9037 156.1334 0.9174
4-8-9-28-32 2.2889 171.6518 140.8099 0.9234
3-8-14-28-36 2.2327 179.5253 146.9197 0.9296
6-8-9-32-37 2.4800 148.3554 115.3673 0.9297
7-9-14-31-37 2.5180 142.5943 111.1480 0.9239
5-8-9-28-32 2.3613 167.0570 135.9807 0.9248
3-8-9-28-32 2.2057 183.1426 152.6331 0.9204
4-8-10-28-32 2.2688 173.4816 142.5228 0.9219
4-8-14-28-36 2.3159 168.5772 135.5842 0.9326
6-8-10-36-37 24771 149.7326 114.4766 0.9356
6-8-10-32-37 2.3964 164.0148 130.7472 0.9382
5-11-28-34-36 2.4599 150.1355 117.0332 0.9282
7-11-14-32-37 2.5297 141.1947 103.5577 0.9378
4-8-14-28-32 2.2911 169.9459 138.5327 0.9245
* 7-9-14-32-37 2.5379 139.5513 102.2979 0.9378
6-10-14-25-32 2.4590 162.1550 126.1771 0.9371
6-8-14-32-37 2.4822 146.6985 113.1454 0.9308
6-10-14-32-37 2.5039 144.0007 110.0386 0.9372
6-9-14-32-37 2.5072 142.8178 109.0560 0.9388
6-8-11-32-37 2.4389 151.9654 118.7249 0.9267
5-10-28-32-34 2.3781 164.4448 133.1248 0.9293
4-11-28-32-34 2.3008 169.4359 138.1627 0.9294
5-11-28-32-34 2.3732 164.4663 132.9632 0.9308
3-8-10-28-32 2.1857 184.9971 154.3695 0.9189
7-10-14-32-37 2.5345 140.2695 102.8314 0.9378
3-8-14-27-36 2.2537 178.7208 145.0745 0.9308
** 3-7-10-21-31 2.1303 233.0399 189.2367 0.9001
33-34-35-36-37 2.6036 202.6619 135.1309 0.9131

*Min active power loss switch-configuration ** Min average fault current switch-configuration

5. CONCLUSION

In this study, Walrus Optimizer, a recently developed algorithm, is used for optimizing the reconfiguration of
distribution networks to minimize fault currents and active power losses. The effectiveness of this approach is
demonstrated through a series of case studies conducted on the IEEE 33-bus test system.

The results of the single-objective optimization scenarios (Cases 2 and 3) reveal significant improvements in both
power loss reduction and fault current minimization. Specifically, the optimal configuration achieved in Case 2
reduce active and reactive power losses to 139.551 kW and 102.297 kVAr, respectively, while maintaining
acceptable fault current levels. Conversely, in Case 3, the AFC is minimized to 2.130 p.u, though this is
accompanied by an increase in power losses to 233.04 kW and 189.236 kVAr.

The multi-objective optimization study (Case 4) provides a comprehensive understanding of the trade-offs between
power losses and fault currents. Notably, the non-dominated solutions achieve a range of AFCs between 2.130 p.u
and 2.537 p. u, with corresponding active power losses varying from 139.551 kW to 233.04 kW. Considering the
base scenario's active power loss of 202.67 kW and the AFC value of 2.60 p.u, the multi-objective optimization
study reveals many optimal reconfigurations that achieve superior power loss and AFC values. Referring to the
results, the Pareto optimal solutions demonstrate that feeder reconfiguration can address multiple operational
criteria, balancing reliability and economic efficiency according to the system’s requirements.

The results provide new insights into managing fault currents and power losses, as well as understanding the trade-
offs between these objectives while maintaining suitable bus voltage profiles through a novel algorithm for
optimizing power systems.

Future research will aim to integrate the allocation of Distributed Generation (DG) and Fault Current Limiter
(FCL) systems alongside reconfiguration strategies to further optimize power losses and fault currents, thereby
ensuring greater reliability and efficiency in power distribution networks.
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