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Presentation and investigation of a DC-DC boost converter with input from solar system
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Abstract

Nowadays, due to the increase in the use of renewable energies, power converters have also gained special importance. Due to the low voltage level of
renewable systems, many DC-DC boost converters have been proposed to increase this voltage level. In this article, a DC-DC boost converter is
investigated. The input of this converter is supplied from a photovoltaic system. The converter reviewed in this paper has only one power switch and
compared to many other converters, it has a smaller number of switches, which makes the circuit simpler than other converters. This converter also has
three capacitors, three diodes and three inductors. The structure of this converter has been compared with a number of structures proposed in other
studies and it has been observed that it has a simpler structure than many other structures. The performance of the proposed converter has been performed
in the MATLAB/Simulink software environment and the obtained results have been fully presented in the simulation section.
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Abstract

Fuzzy systems have a high ability to model the human thinking and inference system. In recent years, suitable answers have been received from fuzzy
logic in solving scheduling problems. One of the problems of today's universities is the allocation of classrooms at a certain time. This problem becomes
more apparent with the increase in the diversity of academic fields. Scheduling university classes is one of the most widely used areas of scheduling,
which is defined as the assignment of courses to time slots according to resources and considering limitations. This issue is expressed differently for
each educational institution according to the special needs of that institution. In this research, after referring to the background of the research in different
countries and the importance of its investigation, the definition and fuzzy modeling of the class scheduling problem has been discussed and at the end
it has been implemented on the program of the Industrial Engineering Department of Shiraz University. Based on the results obtained from the software
solution of the model, we have been able to obtain an accurate solution for the problem.
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Abstract

Fuzzy systems have recently attracted the attention of researchers and various methods based on fuzzy logic systems have
been presented. This paper presents a novel adaptive neuro fuzzy inference system based on interval Gaussian type-2
fuzzy sets in the antecedent part and Gaussian type-1 fuzzy sets as coefficients of linear combination of input variables
in the consequent part. The capability of the proposed ANFIS2 for function approximation and dynamical system
identification is remarkable. The structure of ANFIS2 is very similar to ANFIS but in ANFIS2 a layer is added for purpose
to type reduction. An adaptive learning rate-based backpropagation with convergence guaranteed is used for parameter
learning. Finally, the proposed ANFIS2 are used to control of a flexible link robot arm. Simulation results shows the
proposed ANFIS2 with Gaussian type-1 fuzzy set as coefficients of linear combination of input variables in the consequent

part has good performance and high accuracy but more training time.

Keywords

ANFIS, Interval Type-2 Fuzzy Sets, Inverse Control, Flexible Link Robot.

1. Introduction

High computation ability, adaptability and parallel
processing are the important advantages of neural
networks [1-5]. Using the knowledge of expert man as if-
then rules and having real concept of parameters are the
advantages of fuzzy systems. Among hybrid fuzzy neural
networks, ANFIS is very popular and widespread.
ANFIS is very simple and intelligible so it has affected
many areas such as geography, medical Sciences,
meteorological science, chemical and petroleum
engineering and etc. [6-8]. A flexible link arm is a
distributed parameter system of infinite order, but must
be approximated by a lower-order model and controlled
by a finite-order controller due to onboard computer
limitations, sensor inaccuracy, and system noise. The so-
called “control spillover” and “observation spillover”
effects then occur, which under certain conditions can
lead to instability [9,10].

In recent ten years, type-2 fuzzy logic with more
capabilities and more flexibility than type-1 fuzzy logic
has been investigated. Castillo et al. investigated type-2
fuzzy logic in more details [11]. Huang and Chen [12]
used the combination of quantum inspired bacterial
foraging algorithm (QBFA) and recursive least squares
(RLS) to tune a type-2 fuzzy system. Tavoosi et al.
proposed a different architecture of interval type-2
takagi-sugeno-kang fuzzy neural network [13-15]. They
proposed an ANFIS based on type-2 fuzzy sets. Shahnazi
[16] used type-2 fuzzy systems to approximate the
unknown nonlinearities in MIMO systems control
problem. He derived all the adaptive laws via Lyapunov
synthesis approach.

Not much study has been done on fuzzy systems with
type-1 (or type-2) fuzzy sets in the consequent part. In
most of papers the consequent part is singleton [17] or
interval type-1 fuzzy sets [18-20] up to now. In continue
some of the works in this area are reviewed. In [21]
interval type-2 fuzzy integrators in ensembles of ANFIS
models for the time series prediction is used. Genetic
algorithm is used to optimize of the proposed model. The
equations of Type-2 ANFIS and its optimization are not
presented. In [22] interval type-2 adaptive network-based
fuzzy inference system with type-2 non-singleton
fuzzification have introduced. Interval type-1 fuzzy sets
have been used as consequent parameters. Mendez and
Hernandez [23] presented a type-2 fuzzy ANFIS that
interval type-1 non-singleton fuzzy numbers are the
inputs and type-2 TSK FLS is the output and the
consequent parameters are estimated by the recursive
least-squares (RLS) method. They didn’t provide further
details of learning equations. Bhattacharyya et al. [24]
proposed a type-2 fuzzy ANFIS that an interval type-2
fuzzy logic is used to combine the different outputs of the
ANFIS classifiers to produce a final optimal result.

Tavoosi and Badamchizadeh proposed a type-2
Takagi-Sugeno-Kang fuzzy neural network with linear
consequent part to system identification and modeling in
[25]. Rule pruning was the novelty of that paper. Higher
learning speed was the goal by reducing the parameter in
both antecedent and consequent parts. Tavoosi et al.
presented a new method to stability analysis of a class of
type-2 fuzzy system in [26]. In [27], Jahangiri et al.
proposed a method for stability analysis of a class of
neural networks. In [28] a new method to MIMO type-2
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fuzzy stability analysis has been presented. Robot
manipulators have become increasingly important in the
field of flexible automation. So, modeling and control of
robots in automation will be very important. Some
literatures used fuzzy logic to robot control [29-32].

This paper presents a novel ANFIS based on type-2
fuzzy named ANFIS2. The proposed method uses
Interval Gaussian type-2 fuzzy sets in the antecedent part
and Gaussian type-1 fuzzy sets as coefficients of linear
combination of input variables in the consequent part.
The paper is organized as follows. In section 2, type-2
fuzzy systems is viewed. In section 3, the structure of
ANFIS2 is investigated. Parameter identification is given
at the end of this section. In section 4, learning
convergence of ANFIS2 based on lyapunov theory is
derived. In section 5, the simulation studies are presented
for identification of three nonlinear systems. Finally,
Section 6 gives the conclusions of the advocated design
methodology.

2. A Review on Type-2 Fuzzy Systems

In dealing with a lot of uncertainties, the performance
and efficiency of type-1 fuzzy systems is not suitable.
The membership degree of type-1 fuzzy sets is a crisp
number while the membership degree of type-2 fuzzy
sets is a type-1 fuzzy number.

Some difficulties of type-1 fuzzy logic can be solved
by using type-2 fuzzy logic. In some systems such as
time-series prediction, the exact membership degree is
determined in a very difficult manner due to their
complexity and their noisy information [33]. So, using
type-2 fuzzy systems for describing behavior of these
systems can be useful. In [34], some disadvantages of
type-1 fuzzy sets are mentioned.

Fig. 1 shows the Gaussian primary membership
function and Gaussian secondary membership function.
For example, if m = 0, 0 = 1 and x = 1 then degree of
membership is 0.6, if this membership degree is too fuzzy
or 0.6 then primary membership is Gaussian type-1
fuzzy set with m = 0, ¢ = 1 and secondary membership
is Gaussian type-1 fuzzy set withm = 0.6, ¢ = 0.1.

G L L L L
-3 2 -1 0 1 2 3
X1

Fig. 1. Gaussian primary and secondary
membership functions.

Note that, when secondary membership is not
Gaussian type-1 fuzzy set and it is equal to one and in
other words secondary membership function is interval
set with one magnitude, then fuzzy set called interval
type-2 fuzzy set.

Two cases of interval type-2 fuzzy sets are shown in
Fig. 2. In Fig. 2-a, a case of a fuzzy set characterized by

a Gaussian membership function with mean m and a
standard deviation that can take values in [o7,0,] andin
Fig. 2-b, a case of a fuzzy set with a Gaussian
membership function with a fixed standard deviation o,
but an uncertain mean, taking values in [mm,, m,] and are
shown.

-

Degree of Membership

Degree of Membership

X
(b)
Fig. 2. a) Uncertainty in standard deviation b)
uncertainty in mean.

In this paper Gaussian membership function with
fixed standard deviation o and uncertain mean is used

(Fig. 2. b).

3. Adaptive Neuro Fuzzy Inference System by
Type-2 Fuzzy Sets (ANFIS2)

Similar to type-1 TSK fuzzy systems, the output of
type-2 TSK fuzzy systems is a function of their inputs.
But in type-2 fuzzy systems the output and its
coefficients are type-1 fuzzy sets. In this paper, the
proposed ANFIS2 has seven layers that its structure is
shown in Fig 3. The two rules of ANFIS2 can be
described as follows:

RY:if x; is A, and x, is B, then §; = 7, + pyx; +
G1x;

R%:if x, is A, and x, is Bf then ¥, = %, + P,x; +
G2, (1)

Where x;(i = 1,2) are inputs, ¥, (k = 1,2) is output
of the kth rule which it is type-1 fuzzy set (since it is a
linear combination of Gaussian type-1 fuzzy sets), A are
antecedent interval type-2 fuzzy sets, 7, P, and G, (k =
1,2) are Gaussian type-1 fuzzy sets. For simplicity in
description, we select only two inputs and two rules but
the proposed ANFIS2 can be generalized to n-inputs and
m-rules (n,m € N).

The forward-propagation procedure is described as
follows:

Layer O: This layer is inputs layer. The number of
nodes in this layer is equal to the number of inputs.

Layer 1: This layer is fuzzification layer. The output
of this layer as follows:

_o(m e
1#k,i(xi! [O-k_i; 1mk‘i]) =e ( Ok,i ) (4)
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2 2
_ (Xi— mk,i>
2 2 _ ! i
ti (X, [0k Zmui]) = e ki (3)
Where my; € [ "my;, my,] is uncertain mean for
kth rule and ith input.

X1

1 1 1 1
Lo L1 L2 L3 L4 L5

Fig. 3. The structure of ANFIS2.

Y (%0 (o1 Tmuc])s X <ty
P () = 1, Yy < xp < Py (4)
2pii (%0 [0 Pmuci]), x> Pmy
Ek,i(xi) =

1 2
Mmy,it “mg,i

; (5)

1 2
Mp,it "M
2

Znuk,i(xi' [Gk,iv ka,i])’ x; <
1'“k,i(xi' [Gk,i' 17’nk,i]), X; >

Where fz;,; is upper membership degree and p; is
lower membership degree.

Layer 2: This is ruling layer. Each output node
represents the lower (ik) and upper (f%) firing strength

of arule:

fe=M i 5 =TIk A (6)
Layer 3: This is consequent layer.

Vi =7+ D1+ Gix,

}72 =17y + Poxy + G, (7

Vie = T + DXy + Grex,

7, Dr and g, (k = 1,2) are consequent coefficient
that they are Gaussian type-1 fuzzy sets. Note that (7) can
be extended to y, (k=1,..,n). In this paper for
simplicity k = 2.

Layer 4: This layer is used for consequent lower—
upper firing points [35].

V=

N zk M k
Yk=1f (mrkark+mpk‘7pkx1+mqkqux2)+2k=N+1£ (mrkark+mpkapkx1+mq)

4. Flexible Link Robot Arm

Consider a single-link robotic manipulator coupled to
a brushed direct current motor with a no rigid joint. When
the joint is modeled as a linear torsional spring, from the
Euler—Lagrange equation, the equations of motion for
such an electromechanical system can be derived as:

JiGy + Fiqs + K (611 - ljv—z) +mgdcosq, =0

. . K .
J2G2 + Foq; + ﬁ(‘h - ‘jv_z) = Kl (10)
LDi+Ri+Kyg, =u

where g, and g, are the angular positions of the link
and the motor shaft, i is the armature current, and u is the
armature voltage. The inertias J,, /,, the viscous friction
constants F; , F,, the spring constant K, the torque
constant K, , the back-emf constant Kj,, the armature
resistance R and inductance L, the link mass M, the
position of the link’s center of gravity d, the gear ratio N
and the acceleration of gravity g can all be unknown. A
flexible link robot arm is shown in Fig. 4.

Y 4

Tip mass

Hub

0w ‘////’T",L//,‘\ >
\

Fig. 4. Configuration of flexible-link robot arm.

5. Simulation Results

In this section, a flexible link robot arm is controlled
using ANFIS2. The structure of the robot arm and
ANFIS2 based controller is shown in Fig 5. Where the
reference signal (desired angle in here) is applied to
system then the error between reference signal and the
output of robot system (angle of link in here) is calculated.
This error must be minimized, so ANFIS2 is adapted to
minimize the error.

NaY

Adaptation
[ 4 -

N fk M k
Yg=1f (ark+apk+aqk)+2k=,\,+1£ (a,-k+apk+aqk)

Y =

L k P £k
Zk=1£ (mrkark+mpkapkx1+mqkaqu2)+2k=“1f (m,-ka,-k+mpk0'pkx1+mqk

g _Ref

[
-2
Type-2 Neuro Flexible Link

Fu"i:ly Controller

L k P 7k
Zk=1£ (UTk+UPk+qu)+Zk=L+1f (Urk+apk+aqk)

(8)

Layer 5: The single node in this layer computes the
output.
P 37[+37'r (9)

2
Gradient descent with adaptive learning rate
backpropagation is used for learning phase [7].

‘
L d

Fig. 5. The structure of the robot arm and ANFIS2
based controller.
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Fig. 6. ANFIS2 based controller with sine angle reference.
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Fig. 7. ANFIS2 based controller with step angle reference.
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In order to illustrate the effectiveness of the proposed
results, the simulation will be conducted to control

system, where J;=1.625kg m2, J, =1.625 kgm2, R =0.5
< K, =09 Nm/A K=0.5868,K,=09NmA M=

Fig. 8. ANFIS2 based controller with ramp angle reference.

4.34 kg, L=25.0x 10-3 H, g=9.8 N/kg, F; = 1.625 x
10-2 Nm s/rad, F, =1.625 x 10-2 Nm s/rad, N=2,d =

0.5m.
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The performance of ANFIS2 with sine angle
reference is shown in fig. 6 and the performance of
ANFIS2 with step angle reference is shown in fig. 7. Also,
figures 5-8 show that adaptive inverse control based on
ANFIS2 is suitable and robust strategy to control of a
flexible link robot arm.

6. Conclusion

In this paper, a novel ANFIS2 was proposed for
identification of nonlinear dynamical systems. The
proposed ANFIS2 is based on interval Gaussian type-2
fuzzy sets in the antecedent part and Gaussian type-1
fuzzy sets as coefficients of linear combination of input
variables in the consequent part that it helps to improve
modeling of highly nonlinear systems. Adaptive learning
rate helps to prevent the ANFIS2 from trapping into a
local minimum and it helps to fast convergence of
training algorithm. The test results show the importance
and necessity of ANFIS2 to modeling the inverse of
uncertain systems and control it.
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Finite element analysis of deformations and errors caused by temperature changes on the
CMM device
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Abstract

Coordinate measuring device (CMM), one of the measuring devices for reverse engineering that requires constant environmental and environmental
conditions. This change of conditions may be unavoidable due to the need of the industry to enter the devices into the workshop environment, and
changes are applied to the device structures. This change causes non-uniform deformation and distortion of the structure as well as the code rulers of
the device, which affects the measurement results. In this research, in order to investigate the effect of changing environmental conditions on the CMM
device and investigate the errors caused by it, the three-dimensional model of the CMM device was designed in ANSY'S finite element software and by
applying the difference between the ambient temperature and the temperature of the structure, the unstable thermal analysis of the device was performed.
has been The overall shape of the structure and the rulers have been changed. For the purpose of validation, the results obtained from the amount of
displacement of the rulers and the building of the structure have been compared with the existing analytical relationships, and a very acceptable match
is observed. Also, the analysis of deformations and general distortion of the structure has resulted in results regarding the improvement of the design
and materials used in the structure.

Keywords
CMM device, temperature change error, unsteady heat transfer
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Abstract

Inrush current is a transient current that flows when capacitors are initially switched on. This high magnitude current can
pose various issues, such as affecting circuit breakers, causing voltage dips, and damaging the capacitors themselves.
Therefore, it is essential to investigate and understand its characteristics. When a current limiting inductor is present in
the circuit, it restricts the flow of the inrush current by limiting its rate of rise. This helps in reducing the peak magnitude
of the current and its potential harmful effects. The inductor adds impedance to the circuit, which slows down the rate of
change of current. On the other hand, in the absence of a current limiting inductor, the inrush current can flow with full
force, reaching high peak values. Switching in high-voltage capacitive banks used to control voltage and reactive power
at high-pressure substations usually results in significant inrush currents and transient states. The riots in the waveform
cause damage to the power system and capacitive banks. In this way, it reduces the life of capacitive units or, if it continues,
causes complete failure of capacitive banks. The use of current-limiting inductors in capacitive banks reduces the transient
time in capacitive banks at the moment of switching and reduces the inrush current. In this paper, we use MATLAB
Simulink to investigate the switching effect for a 20 kV capacitor bank with a capacity of 4.8Muvar, first without current-
limiting inductor, and then with it and compare their results.
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Capacitor Bank, Inrush Current, Current-limiter Inductor.

1. Introduction capacitive unit. Trapped loads and gases produced in the

Investigation and modeling of the inrush current
generated by capacitors switching is important to
understand the behavior and impact of these currents on
electrical systems. This analysis becomes crucial in cases
where current limiting inductors are present or absent, as
their presence can significantly influence the inrush
current. Capacitor bank is one of the important
equipments used in high voltage substations and the need
to use capacitive banks in today's power grids is obvious.
These banks are usually used in parallel in the above
distribution and transfer substations for purposes such as
power factor correction, voltage regulation, loss
reduction, etc. Of course, this equipment also has
weaknesses, the most important of which are Inrush
current, switching problems, protection requirements and
incidental costs [1-4].

Capacitors should be operated in a range less than the
nominal voltage and frequency values. Capacitors are
capable of withstanding switching passages with a peak
voltage of up to 2\2 times the rated value of the effective
voltage without reducing their expected life. These
overvoltages may cause a partial discharge in the

primary half cycle further intensify the discharge in the
secondary half cycle. Accumulation of these damages
causes more severe overvoltage damages with increasing
time and finally failure of capacitor insulation. [5-8]
Short circuit caused by discharging capacitors during
electrification in capacitor banks causes transient
switching states in capacitor banks. This short circuit
causes very high inrush current and consequently voltage
perturbations. Inrush currents cause pressure on
switching devices, fuses and capacitive units. [9-11]
When there is more than one capacitor bank on a bus,
electrification of the capacitor bank reduces the source
impedance for the switching moment. As a result, it
causes very high transient voltage in all capacitive banks
connected to the bus. This voltage will eventually cause
the capacitive unit to fail and reduce its useful life.[12]
To model the inrush current, various techniques can
be employed, such as mathematical equations, simulation
software, or circuit analysis tools. These models take into
account factors like capacitor characteristics, circuit
impedance, and the presence or absence of a current
limiting inductor. By investigating and modeling the
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inrush current, engineers can determine the necessary
measures to mitigate its impact. This may include the
addition of current limiting inductors, using soft-start
circuits that gradually ramp up the voltage, or
implementing control strategies to manage the switching
of capacitors. Overall, the investigation and modeling of
inrush current provide valuable insights for designing
and operating electrical systems effectively and safely
[13].

2. Inrush Current in Capacitor Switch

Capacitor switching applications are not limited to
capacitive currents but are also used in the process of
electrifying capacitor banks, overhead lines and cables.
Capacitor bank switching is known for generating a large
amount of transient voltage in power switch contacts.

There are many large capacitor banks for voltage
regulation, to improve the PF (Power Factor), and
capacitor banks are also widely used in filtering high
harmonics in the overall system.

In the process of distributing the power system,
there are cable networks that create a capacitive load. In
case of any current interruption (power failure) of the
load, the capacitive capacity of the system is charged and
this charge in the capacitors causes damage to the
dielectric due to high voltage.

When a large inrush current flows through the
substations, the system must withstand the conditions
created in the protection system as well as during
switching. When there is voltage in the line, this voltage
begins to fluctuate at an almost low frequency and
magnitude. It doubles the voltage peak in the circuit,
which can cause serious hazards. This article will discuss
how to minimize high inrush current and what are the
basic recommendations for it.

There are methods for placing capacitors and
inductors in the circuit that can significantly minimize the
amount of inrush current generated at the moment of
switching. Which are explained below:

2.1. Single Capacitor Bank Circuit

Consider the following single-phase circuit. This
circuit has a switch of one capacitor and two inductors
and it is assumed that the resistance of the circuit is
almost zero and the value of inductor L1 is more than L2.

Fig. 1. A Single Capacitor Bank Circuit.

There is a power switch in the circuit to interrupt the
circuit. This shape of the circuit is called a single
capacitive bank.

In this case, the current depends on the parameters of
the circuit and the initial state of the circuit.

Suppose a capacitor with voltage v0 is charged at
time t0.
The current can be calculated from the following

statement:
i= (Vt - Vo)

—sin wot (1)
L1

Iz

wy= |— (2)

Lic

In this scenario, the damping current is reduced and
the total current is established in the circuit.

2.2. Back-to-Back Capacitor Bank Circuit

This scenario is known as back-to-back capacitive
bank switching.

Consider the following circuit for it:

Fig. 2. A Back-to-Back Capacitor Bank Circuit

Consider the following single-phase circuit. This

circuit has
In this case, when the switch is closed, there are
two capacitors and two inductors.

The power switch is present at point b-b (ie the
voltage difference between the two power switch
contacts) when it is disconnected and in the event of any
dielectric failure.

Therefore, the current formula can be obtained in
the following way:

, 1
i(t) = Vopopy ———
(L1—Lz)(c—1+c—2)

sinw,t (3)

1

1 1

wy = |GGt

(4)
Vv =V _r

Ob—-br — mm
()
1

w = E (6)

In this case, the current can be about ten times more
than the maximum current in the circuit. But this current
only affects one (local) capacitor and the rest of the
system is safe.

2.3. Current-Limitor Inductor
To deal with the effects of inrush current, one of the
most simple and practical ways is to use inductor in series
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with the capacitor, and this is the main topic of this article,
which we will simulate later.

The purpose of using a reactor is to limit the rate of
increase of transient current and its value is calculated
from the following equations:

Vo
L= —2—
2r X f X1,

L
L=-="L
n

Where V}, is the peak voltage of the network (in
KV), L, is the peak current transient (in amperes), n is
the number of parallel capacitive banks, and L,, is the
limiting reactor inductance for n parallel capacitive
banks.

According to KCL, we know that inductor current
does not jump; so it can be a good tool to limit the
increasing current of the capacitor at the moment of
connection to the network. Based on this, the contactor
for switching capacitors have been developed that are
equipped with a small limiting inductor with an air core.

Simulation of Inrush Current
In this section, we simulate the offensive current
created by capacitive switching in MATLAB. The
simulation performed for 20KV capacitors with 4.8Mvar
reactive power capacity.

First, we do this simulation for a situation where there
is no current limiting inductor in the circuit.

3.

voltage
current
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'—I A a
[ NWILB ol B a
cle . b B I_' b
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Fig. 3. Capacitor bank switching model without current limiter inductor.
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(b)
Fig. 4. Capacitor switching curves without inductor current limiter
\
As can be seen and expected, after capacitive
switching, a very large current (inrush current)
generated in the circuit, and as previously discussed, this

is necessary to

AYAVA' .,f\..\ f\,ﬂ /\\f\ ISVAYA

Y

(a)voltage curve (b)current curve.

current causes severe damage to the power system, so it

reduce this current.

In this part of the simulation, current limiting

inductors are placed in series with capacitors.

wvoltage

current
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Fig. 5. Capacitor bank switching model without current limiter inductor.
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As can be seen, the series of current-limiting
inductors and capacitors has caused the inrush current to
be reduced to a desirable level. Reduction of the inrush
current has occurred in a very short time. Voltage curve
perturbations are also reduced and all these makes the
power system less damaged.

4. Comparision Criteria

A Power system use capacitive banks according to
their structure and applications and use different methods
to deal with inrush current caused by switching.

In this paper, methods are proposed that each has its
own characteristics. It should be noted that each method
of dealing with inrush current has its own criteria and the
comparison of these methods is appropriate to the power
system used.

In this paper, the method of using current limiting
inductor was further investigated and simulated for
switching a 20 kv capacitive bank with a reactive power
capacity of 4.8 Mvar.

comparison of Figures 5 and 6 shows well that the

presence of current-limiting inductor reduces the voltage
perturbations in the power system And when the current
limiter inductor is not used, a large inrush current is
created in the network at the moment of switching
capacitor bank, which can cause serious damage.
5. Conclusion

Switching on capacitive banks causes an unwanted
transient state that may damage the capacitive units and
over time cause the capacitive bank to fail completely.
The use of resistors and current-limiting inductors
reduces the transient effects of switching in capacitive
banks and reduces the inrush current. One way to show
this clearly is to use MATLAB Simulink and simulate
with it.

In this paper, this was done for a 20 KV capacitive
bank with a reactive power capacity of 4.8 Mvar, and in
two cases, the presence of a limiting inductor and its
absence, we were able to observe the inrush current and
voltage perturbations at the switching moment. In the
first stage of switching in the capacitive bank without
current limiting inductor was simulated, which resulted
in severe distortion in the voltage and current waveform,

(b)

Fig. 6. Capacitor switching curves with current limiting inductor (2) voltage curve (b) current curve

and also the current level was extremely high. But in the
second stage, current limiter inductor was used, which
resulted in an extraordinary reduction of distortion in the
voltage waveform, which was close to zero. Also, the
distortion of the current waveform was minimized and
the amount of current was reduced compared to the
previous stage. With this method, the voltage transient
mode is greatly reduced and even close to zero, and also
the level of short circuit current is significantly reduced
so that it does not pose a problem for capacitor bank units
and other devices of power systems.
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Abstract

Nain exploration area is one of the areas of interest of Isfahan Mobarakeh Steel Company for the exploration of metal deposits, including copper. Due
to their low grade and high tonnage, copper deposits have gained attention in recent decades, and their exploration methods have improved as well. In
this study, due to the importance and effective application of different geophysical methods in searching for different deposits and studying the formation
of mineral deposits, these methods were used in the east of Nain range. First, the magnetometric data were processed and then their 3D inverse modeling
was done. The results show a mass with low magnetic self-reactivity in the center of the model and at a relatively high depth, which corresponds to
gabbroic intrusive masses at the surface. This mass is surrounded by another mass with high resistivity (more than SI 0.168) which has a ring structure.
Next, the specific resistance and induced polarization data were inverted along a taken profile. By preparing sections of existing data models and
comparing them with the geological information of the region, the presence of a lenticular metal mineralization body was shown. Also, there has been
an increase in the copper grade around the intrusive gabbro masses, which has been associated with an increase in the magnetic susceptibility in this
area. This indicates the effect of hydrothermal fluids with the origin of gabbroic intrusive mass on the alteration of peridotites and the increase of
magnetic susceptibility.

Keywords
Copper, inverse modeling, magnetoresistance, specific resistance, discovery, Metal deposits
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