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Electrical equipment and supply cables demand a better quality of supply, with the recent advancements in integrated sensitive
solid-state controls. Divergently, proliferated heavy inductive motors and some performance additions based on power electronics
have introduced power quality issues to the network. 'us, this study mainly investigates the impact of switching transients
generated by electromechanical machines in industrial power systems on insulation deterioration while taking transient
overvoltages due to capacitor bank switching also to support. Transients with a high rate of rise are likely to catalyze the
degradation of the insulation quality and break down the insulatingmaterial through ionization.'ese steeply passing overvoltage
stresses let partial discharges ensue, which can attack the insulation over long service. To unveil this danger, 314 common-mode
transient waveforms were measured in the electrical machines of five tea factories in Sri Lanka, in a 50ms measurement window,
taken in 55 measuring attempts. Most of the transients observed are in the form of a damped oscillatory waveform tailed by fast
exponential collapse. 'at correlates to insulation degradation having a very steep rise as 30.04V/ns, the highest at the withering
section. When machines are heavily loaded, situations tend to generate transients with high amplitudes. 'ere were transient
bursts that spread as 426.3ms, while 14 ns fast rise times were recorded from withering motors. Unlike electrical resonance and
power-frequency overvoltages, electromagnetic switching transients last even less than 100ms. To underline this, an analysis of the
frequency domain of transients was also presented, which proves high density of high-frequency components reaching 107 kHz
range. Accepting the fact that frequency and amplitude are always under the influences of innumerable dynamics, the obser-
vational evidence of the study endorses that electrical stress built by the transient nature of the factories reduces the life expectancy
of electrical insulation.

1. Introduction

In the modern industrial environment, power quality has
become a sensitive burden to deal with. 'is is due to the
impact it builds with a growing number of complaints that
log to electrical manufacturers, electricity providers, and
end-users. 'e different roots of power quality issues are
majorly reported from severe to modest change voltage
disturbances and power supply variations [1]. Supplying
steady, trustworthy, and high-grade power to clients is al-
ways matching the supply upon demand. 'erefore,

handling the load with demand management initiatives and
improving the power quality have ultimately become the
current trend [2].

'e major component of voltage disturbance is
accounted by a transient overvoltage due to various causes in
machinery in industrial facilities. An abrupt change in
current demand or load change can initiate a transient at any
instance in a system primarily. Although the time that an
electrical transient lasts in the system is trivial at a glance, the
system gets exposed to high voltage and current upsurges.
'is might cause severe harm to the equipment and make
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the subsequent repair costly in both time and money.
Switching of capacitor banks parades a notorious role in
industrial facilities, since the majority of such environments
are demanding the requirement of capacitor bank instal-
lations to keep the power factor of the facility at a stipulated
level [3]. 'e insulation of the different sections of the
system must be classified to keep the least disturbed, and
electrical distortions only happen at intentional points. 'e
requirement to cut the amount of insulation in the network
through effective insulation coordination becomes more
critical with increasing supply voltage. 'e definitive in-
tention is to reduce the damage, system outages, and
equipment upsets caused by insulation failure to a financially
and operationally tolerable level. 'erefore, this paper re-
ports the transient influence on insulation quality in an
industrial installation while taking the diffusion of capacitor
bank switching transients also into the matter. It is done
based on the observations carried out at several large-to-
medium-scale tea factories in Sri Lanka. 'is further dis-
cusses how the situation will affect the capacitor bank
failures in industrial facilities due to supply system
irregularities.

'e alternating sine wave may diverge from its ordinary
form whenever there is a sudden change in the circuit
condition, such as by faults, connection or disconnection of
heavy loads, or breakdowns. 'ese rapid rise anomalies
from the normal state may lead to a burst of energy in
power systems. 'is energy-derived voltage stress can
explode as transient overvoltage which can cause damage to
the supply lines and relevant machines. 'e rapid collapse
of its magnetic field induces a transient voltage which
becomes superimposed onto the steady-state supply. 'ey
have the potential to cause a boundless impact on system
reliability, most critically their insulation, where they can
come internally or externally [4, 5]. As the study plans to
discuss more on the transient impact on insulation failure
on power equipment and installation, the analysis will aim
down to forecast the insulation failure against transients
extracted.

'e degree of insulation degradation in electrical ma-
chinery can be heavily affected by many functional aspects
like the voltage, frequency, temperature, and pressure in-
dependently or adjunctively [6–8]. When transients are
present, instantaneous voltage magnification happens across
the inductive element due to its inductive reactance ωL. As
this is frequency-dependent, reactance will rise as the fre-
quency increases. In higher horsepower rated rotating
machines, turn to the ground and interturn failures in
insulation are triggered by supplementary dielectric stresses
that occur during commutations [6, 9–11]. As discussed in
many observations, steep fronted switching transients are
the principal reason for the dielectric stress of winding
insulation as they produce irregular voltage distributions in
the electrical machines [9, 11].

Owing to the draw of high current, interturn insulation
of motor failure ends up in undue heating. 'is makes the
insulation of the ground wall fail. Insulation failure of turns
is visible in the stator coils as melted conductors andmaybe a
cavity in the main insulation to earth fault [12]. Switching

transients, by nature, have a slow rise, typically above 10ms.
Even though the time they last is small, they carry a con-
siderable amount of energy as reported in [13], which might
degrade or completely damage the insulating characteristics
of the installation or terminal utility. Research reveals that
small rated low and medium voltage motors are more likely
at risk due to steeply rising voltage transients compared to
larger motors [12].

'e scientific literature addressing localized degradation
of insulators reveals that damages could happen due to some
factors: thermal, mechanical, and electrical stresses alone or
synergized. 'ese factors have been proven to be driving the
insulation in electrical machines to a catastrophic break-
down by deteriorating its characteristics [4, 7, 14–16].
Providing a detailed study through a proper quest of the
transient impact on the degradation of insulation properties
is expected through this work, where it has not given ad-
equate attention in the available literature.

Capacitor banks and variable frequency drives (VFDs)
are two widespread applications that come into prominence
in the transient study in modern factories. Capacitor banks
are deployed for reactive power compensation, while VFDs
are intrinsically used by induction motors of different rat-
ings. As the speed of a motor is a function of its sine waves’
fundamental frequency, a VFD can control the revolution of
the motor to a great extent, since the VFD can alter the
fundamental frequency of the waveform, which mimics the
sine nature by the count of pulsations in Pulse Width
Modulation (PWM). High dv/dt, which is produced by
IGBTs through its almost perfect square wave, can originate
higher transient currents in the leads. 'ey can breed steep
fronted voltage pulses [6]. 'is forms high voltage pulses
across the overall inductance of the system. 'is explains
why the cable capacitance and inductance matter more as
the switching of pulses increases.

Power loss under alternating field excitation of dielectric
material is a well-known phenomenon. However, no clear
technical picture is available for energy loss under transient
conditions, particularly under ramp or step voltage. 'is
may have given intentional rise as in the case of VFDs or
accidentally under switching surges. 'e comparison of this
alternating field excitation and transient excitation has been
discussed deeply in previously reported studies [17–20].
Such a study concludes the result that fast transients cause a
great energy dissipation in dielectrics [18]. Moreover, such
extremely short time steps are very lossy even in relatively
fast responding dielectrics.

Even though induction motors are not under serious
threat from harmonics as synchronous generators, excessive
harmonic stress can drive the equipment to overheat
[21–27]. In power systems where capacitors in resonance
with the network are enhancing one or few harmonics, this
becomes critical with motors. DC converter and regulated
AC inverters of VFDs are essentially made with diodes and
IGBTs which exhibit nonlinear characteristics. 'ey obvi-
ously introduce harmonics to the grid [28]. 'e increase in
iron losses, eddy current, and hysteresis losses further surges
the core temperature, since harmonics current has a higher
frequency [29–31].
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Hysteresis loss is a function of frequency, while eddy loss
is a function of the square of the frequency. In a supply
system with harmonics, there can be multiple higher fre-
quencies. 'us, there will be additional losses for the in-
duction motor [32]. With higher frequencies, the current
flow tends to become superficial in the conductor, popularly
known as the skin effect. 'is shrinks the operative area of
the conductor leading to an increase of conductor resistance
because the resistance is a function of reciprocal of area.
Higher copper loss in the motor will then be triggered by this
higher resistance.

Most loads of bulk consumers, such as factories, usually
record low power factor and lagging, since they are engrained
inductive. To improve this and to provide VAR support, a
leading mechanism should be adopted in parallel with the
load, which can fairly or entirely neutralize the lagging re-
active component [1, 27–29]. For this, in general, capacitor
banks are heavily used in the industry by applying them to
relevant three-phase sections. It also provides the most op-
timized solution from an economic and engineering stand-
point [30]. Switching transient disturbances generated by
capacitor banks in the system have been explained in con-
siderable detail by numerous investigators [7, 28, 29, 31–34].

2. Materials and Methods

As reported in [13], PicoScope 3206A, 200MHz oscillo-
scope, was used to record voltage waveforms with a sampling
rate of 500Ms/s using a laptop that also operates on its
battery. 'e common-mode transients generated in elec-
trical machines under test were measured using a 1000x
attenuated P6015A Tektronix High Voltage (HV) Probe.
PicoScope 6 (version 6.14.10.4759) and MATLAB R2015a
were mainly used for data analysis. Since this study measures
the transients generated in the electrical machines in dif-
ferent instances, the HV Probe is connected across the re-
spective live line and the system ground. A 1m long 3-core
cable which complies with BS 6004 [35] was used to link the
electrical distribution panel of the machine under test with
the HV Probe as depicted in Figure 1. Both power and data
channel connectivity of PicoScope were laid separately as
illustrated in Figure 1, which ensures that no electromag-
netic coupling is applied to the data collected. Proper
standards and manufacture specifications were followed at
all places where applicable as in [36–39].

'e experimental methods that were reported in
[13, 38, 39] are followed in this study to record transients.
Transients were recorded at different electrical machines and
the capacitor bank assemblies in tea factories in Sri Lanka as
illustrated in Figure 2. As a general practice, at every new
measurement attempt, 5 to 10 waveforms were used to
determine the trigger threshold based on the abundance of
transient peaks at each location.

3. Results

Five large-to-medium-scaled tea factories in Sri Lanka were
observed during the study in light of recording transient
pulses. 'e main focus was kept on three major stages of tea

processing, withering, rolling, and drying. 'ese are the
stages that induction machines of higher-rated horsepower
(hp) are utilized. 'is particular effort is more biased to-
wards analyzing the voltage transient impact on insulation
degradation and impact on capacitor banks. Table 1 indi-
cates the summary of the 314 transient waveforms captured
in 55 different attempts in steeply and high amplitude
transient prone situations.

Power system instability can occur either as continuous
fluctuations of voltage or voltage collapse described by a
progressive and fast continuing drop of voltage due to inrush
situations in the line or through the system as a whole
[40, 41]. 'e observations have brought this to witness; due
to these inrush situations, both the turning on and off
functions of motors generate high amplitude transient
pulses bundled with steeply repetitive transients which
appear as a burst as depicted in Figure 3.

Figure 4 represents the localized expansion inside the
burst in such two inrush voltage transients, which enunciate
the steep nature of the repetitive transients.

'e quantitative and qualitative form of machine load,
the inertia of rotor and load, the ratio of uniform impedance
loading, and dynamics in the generation side are the
principal factors that affect the severity of voltage instability
as previously reported. Uniform impedance loads do not
cause transient instability, whereas voltage instability in the
form of damped oscillatory way tailed by fast exponential
collapse happens after commutation [41]. 'ese observa-
tions were proved, since the same was reflected in the
analysis of this study as given in Figure 5.

Insulation deterioration and breakdown can occur even
at moderate voltage transients due to fatigue created by
continuous voltage stress over the service time of the cables.
Due to electric field distortion at turns and twists, insulators,
especially in motor windings, are predominantly vulnerable
to failure. Voltage transients can cause accelerated ageing of
insulation without causing instantly visible failure [4], which
is slow in coming but will lead to catastrophic failure
eventually. Moreover, they can initiate partial discharge
activity at local defects in the insulation due to their rate of
rising, which is another risk for which electrical engineers
must stay on alert. Table 2 reveals the steepness of transients
in this regard over the three tea processing stages focused.

As early mentioned, the qualitative form of motor load,
which is the interest of inertia of rotor and load, is one of the
principal factors that affect the severity of voltage transients.
'erefore, the nature of transients produced under heavily
and lightly loading conditions of withering and rolling
motors are presented in Figure 6. 'is reveals that the
withering section tends to generate high peaks and ampli-
tudes when heavily loaded. However, once they are lightly
loaded, it turns to a burst of wider span instead of high
amplitude transients. In the rolling section, the situation
remains rather the same irrespective of loading condition.

'e amplitude of transients is undoubtedly a matter of
concern in terms of the impact of transients on voltage
stresses imposed on insulation dielectrics. Transient am-
plitudes in the main two stages, withering and rolling, are
compared in Figure 7. Motors used in the withering section
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reported the highest peaks in both polarities. Observations
in the rolling section establish middle range transient peaks
either heavily or lightly loaded. However, they show mo-
mentous dominance in amplitude when lightly loaded. 'is
situation is anticipated, since rolling motors are generally
held vertical, pressing and rolling the withered leaves
downwards, and there is no significant extra torque needed

by the motor under either condition, heavily or lightly
loaded. 'erefore, when motors come to lightly loaded
operation after working heavily loaded hours, they are prone
to generate higher transient amplitudes.

Insulation breakdown or degradation may occur when
the voltage withstand capability is being surpassed by the
transients. 'e insulation breakdown potential depends on
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Figure 1: Measurement setup used to record transients in electrical machines.
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(d)

(c)

(b)

Figure 2: Test setup probing a circuit breaker panel at a site. (a) Distribution panel. (b) Tektronix High Voltage Probe. (c) DC powered
laptop PC. (d) PICO PC oscilloscope.

Table 1: Observation attempts and captured transients.

Tea processing machine stage State of loading No. of factories visited Recordings attempts No. of samples

Withering Heavily loaded 5 24 120
Lightly loaded 3 8 80

Rolling Heavily loaded 5 11 54
Lightly loaded 3 7 22

Drying Heavily loaded 3 5 38
Total observations 55 314
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Figure 4: Steep repetitive impulsive transients constituted in a starting inrush transient burst. (a) Direct starter. (b) Star-Delta starter.
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its voltage-time characteristic. 'e transient rise time de-
creases as the breakdown voltage increases. Hence, the rise
time of the transient is also an important parameter to
review the transient immunity of insulation. Due to the fact
that most occurrences of transients appeared as bursts due to
the sudden change in circuit conditions, the burst durations
are also presented in contrast to the rise times in Figure 8.

In most modelling and simulation carried out to study
the transient overvoltages of heavy electrical machines, ideal
and fair environments are always assumed [42]. Machines

driving at numerous operations were considered in these.
'e ideal cylindrical rotor machines with mistreated eddy
loops, neglected skin or temperature effects, uniform air gap
assumption, and identical stator windings are a few of such.
However, this analysis has been done based on real on-site
observations.'erefore, it uncovers the true transient nature
at industrial grounds.

'e overvoltage transients with high frequencies, which
have been revealed in this study, will make completely
disgruntled power infrastructure in any specific electrical

Table 2: 'e steepness of transients (V/ns).

Tea processing stage 'e steepness of voltage transient (∇V/∇ t)

Voltage gap (V) Duration (ns) Steepness (V/μs)

Withering Max 665.2 220 3023.6
Average 494.8 — —

Rolling Max 464.7 160 2904.4
Average 303.0 — —

Drying Max 345.6 250 1382.4
Average 137.7 — —
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environment. Skin effect, in which theoretical elaborations
were highlighted in the Introduction, is one such. 'e fol-
lowing rise of conductor resistance and higher copper loss in
the motor will then lead to higher mechanical vibrations
thereafter, which is beyond the aspirations of this research.

4. Discussion

'e ameliorative efficiency expectations in the industry have
made a great demand to maximize the copper size and
minimize the insulation level for the same.'is situation has
made a space to sensitively design a consistent insulation

procedure that essentially calls for broad knowledge of
voltage stresses that influence the degradation and deteri-
oration of any insulation system. As it is recognized that the
power system transients can stress the insulation of power
cables [4, 8], the protection level of the power system may
necessarily be less than the basic insulation level of the
distribution network as a fundamental requirement.

Avoiding transient circulation through a circuit, sup-
pression techniques can be arranged in series with the load
to either dampen the energy of a transient or attenuate. 'ey
can also be arranged shunt to the load to return the transient
back, before flowing across sensitive elements, to ground
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generally, by clamping the voltage or limiting it. Surge
protective devices (SPDs) and shielding practices can be
used to treat the invasive impact of impulsive voltage
transients to the electrical machines like the impact of
steeply instantaneous rises. Further, their electromagnetic
effect can be controlled to some extent on distribution
networks using shielding conductors. 'e use of pre-
insertion resistors and inductors in the switching element,
the use of synchronous-closing switches with regulators, and
applying harmonic filters of suitable rating can overcome the
influence of oscillatory transients.

Switching transients have been noticed to make a pro-
gressive impact on the insulation of electrical machines. 'e
technical solutions as discussed in [12] like the use of high
speed interrupting strategies, novel and high precision
techniques for the elimination of arc plasma-like improved
arc chutes, using vacuum or SF6 as an insulating medium,
high-end design and manufacturing practices have already
been taken to mitigate the transient impact to a certain level.

Metal Oxide Varistor (MOV) surge arresters with high
energy capacity can be effectively used with motors in the
high amplitude domain. However, they are incapable of
handling steeply switching voltage surges where a properly
rated capacitor is required to be employed to reduce the
steepness of transient pulses. A popular theoretical solution
to mitigate eddy current losses and skin effects by replacing
the solid conductors with stranded cables is also a productive
solution here.

As revealed in [41], as the short circuit level between the
generating side and load increases, it conserves and regulates
the stability of the voltage, while lower short circuit levels put
the system at the risk of transient voltage instability. Lower
series impedance (Z) can be maintained to improve the
situation in such cases.'is environment will bring a healthy
situation where copper in the insulation is kept less harmed
through its operation span, by conserving the insulation also
less attacked by numerous effects as discussed early.

'e addition of more parallel loads of uniform im-
pedance or reducing their mechanical load hinders the
occurrence of transient overvoltages in situations like this
study where induction motor machine loads are majorly
present. 'e protection of the motors with MOV is not
always the solution like in the case of Vacuum Circuit
Breaker applied place. In such environments, C-R surge
suppressors can be used to safeguard the motor from re-
petitive reignition [43]. AC reactors are fitted before the
VFD. Reactors may also offer the capability to a certain level
to withstand voltage transients created by switching of
power factor correction capacitor banks. Consequently, the
transient parameters triggered in this study can be effectively
used to assess this reactor endurance against manufacturer
ratings.

A mounting recognition of transient impacts on power
systems, in a high-frequency context, in particular, has
awakened in industrial power quality phenomena in the
recent past. Due to some critical reasons explained in [44],
the limited interest in high-frequency transients in industrial
low and medium voltage power systems keeps the danger
buried and harasses the electrical machines further.

'e spaces occurring in the swollen cables’ insulation are
the ultimate impact yielded due to high amplitude tran-
sients, resulting from corona discharges. Catalyzing with the
oxidization process of insulation or physical damage, once
electrified, they begin to conduct and develop greater. 'ese
imperfections will grow across fracture lines along the di-
rection of the electric field giving water treeing defects.
'erefore, voltage transients can initiate partial discharge
activity at these local defects on account of peak voltage, high
dv/dt, and high frequency [4, 45, 46], which leads to early
insulation deterioration. At the same time, mechanical ab-
normalities in motor operation may arise due to these cu-
mulative transient effects [47].

Capacitor banks are extensively used as leading and
voltage regulation mechanisms, while capacitors are also
used majorly to filter our high-frequency harmonics. On the
other hand, switching devices may see lines and cables as
capacitive loads. 'ese aggravated capacitive switching de-
mands exceptional care, since the total voltage across the
contacts can reach higher values after the interruption.
Dielectric breakdown of the switching device might be the
consequence.

'e frequency-domain analysis reveals more evidence of
how insulation will degrade its quality due to high-frequency
transient components. 'e noise that can grow due to stray
capacitive and inductive couplings between the system
ground and the live line is also assessed here. Nearby delicate
solid-state equipment of sensitive applications can go upset
due to the impact of electromagnetic coupling [48] of these
noises caused by high-frequency components. Figure 9(a)
illustrates the transient impulse that appeared in a supply
sine wave of a 50ms window. Its enlarged burst is shown in
Figure 9(b), and frequency plot is shown in Figure 9(c). Even
though the two resolutions almost superpose in this plot of
Figure 9(c), some transients appeared spread making
complex noises in the observations like in the case of Fig-
ure 10. When the implications of these frequency-domain
analyses are taken to a succinct conclusion, it clearly pro-
vides evidence of how the high-frequency components ag-
gravate the risk against insulation quality and succumb it
gradually.

To emphasize the relationship between the ageing and
failure of insulation in normal sine and transient overvoltage
conditions, investigative studies have been carried out [49].
Sine waves in the range of several kilovolts and transient
impulse voltages of different characteristics are carried out in
them. As explained in [10], the high-frequency impedance
has a direct link with the demagnetization of permanent
magnet synchronous motors. Tests of lightning impulse
conferring the norms using a standardized 1.2/50 μs
waveform failure tests through using a large dv/dt impulse
voltage like 250/2500 μs transient are popularly done
[49, 50].

'e feeding transients to the grid from the capacitor
bank switching can be avoided, setting up smoother en-
gagement. In this, an electronic control can be designed to
measure power factor and overvoltage levels which inte-
grates a regulation mechanism that enables smooth stepwise
engagement of capacitor bank at advanced step ratio, as
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given in Figure 11. Power factor measuring electronic
control component was designed in this and given to the
respective technical experts of factories as feedback.

Electrical machines employed in the factories investigated,
including motors, their respective Star-Delta converters, fur-
naces, and colour sorters, all were from renowned

manufacturers around the globe in which all these manufac-
tures make their products comply with the respective inter-
national standards set by authorities like IEC, ANSI, and BS.
'is vacates any technical mistrust of the manufacturing
quality of the instruments in the first place, in which transient
signatures can be possibly linked to equipment quality.
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Figure 9: Transient burst appearing in manual direct online pullover start. (a) In 50ms measurement window. (b) Zoomed out transient
impulse in the sine wave. (c) Frequency plot of the impulse.

Frequency (Hz)

105 106 107 108 109

A
m

pl
itu

de

0.2

0.4

0.6

0.8

1

0

High Frequency components of a Transient Impulse

Impulse frequency plot
Filtered plot

Figure 10: Noisy transient impulse with steep rises at different frequencies.

Journal of Electrical and Computer Engineering 9



5. Conclusions

During this study, 314 transient waveforms of the 50ms
measuring window taken in 55 different measuring attempts
were taken for analysis. 'e observation records voltage
transients in the form of damped oscillatory way tailed by
fast exponential collapse more popularly, which correlates to
insulation breakdown having very steep rise as 30.04V/ns,
which is highest recorded from the withering section.
Heavily loaded conditions tend to generate high peak and
high amplitude transients, where 688.2V is the highest peak
value and 980.5V is the highest amplitude. 'ere were
transient bursts that spread as wide as 426.3 μs span, while as
small as 14 ns rise time was recorded from withering motors.

Unbalanced transient fluxes and currents are made
whenever a decidedly inductive circuit is integrated into an
AC voltage system. 'ree-phase induction machines have
invaded industrial floors in the modern era keeping the
biggest burden of transient instability. 'eir straightforward
design, reliable and easy operation with handy maintenance
demand, small primary cost, great efficiency, and requirement
of less technical control gear for starting and rpm control are
key reasons in this regard. It is discussed in the literature
[4, 6, 9, 17]that the life of insulation becomes shorter when
transient amplitude and their repetition rate become higher.
Undoubtedly, the insulation failure is correlative to how
severe the transient voltage is or the amount of repetitive
surge distribution in the network. 'ese were extensively
detailed with observations and analysis in the discussion.

Although the fruits of the effort of all past researchers have
made their way into introducing protection techniques at
different times, the transient effect on system power quality is
still to be pictured clearly. 'erefore, the voids in the un-
derstanding still demand a better characterization of the
transient nature in electrical machines, which is decisive to

keep the electric power system hassle-free and make trou-
bleshooting convenient. With the said test setup, at five dif-
ferent local tea factories, it was able to strain out transient
behaviours and factors of the unbalanced three-phase wave-
forms. Outcomes of this study can be used to design and assess
transient mitigation methods, updating transient test wave-
forms, susceptibility evaluations, maintenance guidelines, and
workforce awareness in the engineering and technology sector.

'e transients generated are increasing the supply fre-
quency instantaneously as reported. Hence, it generates
electrical resonance across the power supply and capacitor
division.'ese events are responsible for the magnification of
the existing current and voltage harmonics. Since both in-
ductive and capacitive reactance depend on frequency, the
network inductance and capacitor bank make parallel reso-
nance, where harmonics have a greater chance of getting
amplified at these overlap frequencies. Capacitor reactance
(XL) is proportional to the reciprocal of the supply frequency,
and when the frequency increases, its competency to avoid
harmonics falls significantly. Consequently, the current across
capacitor banks will be improved giving joule temperature
rise (I2R) which shortens the capacitor life in the long run. As
highlighted from the frequency-based observations through
analysis, the possible resonance conditions can generate
unnecessary vibrations where the expended energy might
cause substantial loss of power and speed drops.'e resulting
noise levels will add more disturbances that can aggravate
electrical hassles to the insulation more. Perhaps, it may be
leading to sudden failure in extreme events which needs to be
addressed in a dedicated broad study.

Data Availability

'e data used to support the findings of this study are
available from the corresponding author upon request.
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