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ABSTRACT In industrial electromechanical manufacturing, ensuring the accuracy of electrical partial
discharge measurements is crucial for the reliability and efficiency of electrical power systems. The
cornerstone of such precision is a well-designed partial discharge calibrator that strictly aligns with the
IEC 60270 standard parameters, including apparent charge, rise time, and pulse repetition frequency. This
research delineates the systematic development and subsequent performance evaluations of an innovative
industrial partial discharge calibrator. The calibrator uniquely integrates advanced functionality while
maintaining cost efficiency, offering an alternative to the current partial discharge calibrator market.
Its design allows for a broad spectrum of pulse frequency adjustments, making it adaptable to various
apparent charge bandwidths and highlighting its adaptability for high-voltage applications. Building upon
the foundational understanding of partial discharge as characterized by standards such as IEC 60270, the
study underscores the calibrator’s capacity to elevate the standards of partial discharge measurements within
high-voltage equipment.

INDEX TERMS High voltage, high voltage test techniques, partial discharge, partial discharge calibrator,
partial discharge measurements.

I. INTRODUCTION
Across various literature, one can find multiple definitions
about partial discharge. However, one of the most universally
acknowledged and frequently referenced definitions is pro-
vided by IEC 60270 [1]. In this standard, partial discharge
is characterized as ‘‘a localized electrical discharge that only
partially bridges the insulation between the conductors and
which can or cannot occur adjacent to a conductor.’’ This
definition underscores the inherent nature and behavior of
partial discharges within insulating mediums [2].
‘‘Partial discharge’’ (PD) represents a limited electrical

fault in an insulator that does not lead to a complete
breakdown between elements such as phase and earth.
Conversely, ‘‘full discharge’’ means a direct electrical fault
between different phases or between a phase and the earth.
Such significant faults typically cause safety mechanisms to
disconnect the circuit.
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Monitoring PD is essential to detect and address insulation
weaknesses before they become costly failures. It is, there-
fore, crucial in assessing the health of insulation systems in
electrical power equipment. Electrical PDs due to insulation
problems can cause partial damage to the dielectric insulation
over time and, for example, may destroy the entire line.

For this reason, measuring the PDs in the insulatingmateri-
als is necessary. Nevertheless, disruptions can lead to power
outages in critical areas like hospitals or residential zones.
Moreover, industries with continuous production processes,
including petrochemical, cement, and semiconductor fabrica-
tion, can suffer significant financial losses due to brief power
failures, potentially halting operations for extended periods.
Additionally, insulation failures might damage neighboring
components, amplifying repair costs. For instance, failures
in major utility generators or transformers can entail repairs
costing millions and lengthy plant shutdowns, leading to
substantial production losses.

When studies on the evolution of PD measurement instru-
mentation are reviewed in the literature, three periods can be
defined depending on the technological developments [3]:
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• Techniques employing Radio Interference Voltage
(RIV)

• Utilization of analog detection methods capable of
monitoring frequencies up to 1 MHz, visualized through
oscilloscope displays

• Implementation of digital detection with subsequent
computer-based analysis and measurement, suitable for
processing frequencies in the GHz range

The RIV method, originating as a measure for corona
interference from transmission lines, identifies disturbances
to analog radio and TV receptions. The RIV methodology
utilizes an antenna or a coupling capacitor as sensors. Signals
were gauged using specialized radio receivers (radio noise
meters), typically around the 1 MHz frequency range. The
primary indicator was the ‘‘quasi peak’’ level of noise from
PD activities. These noise meters began with custom con-
structions by researchers and later evolved into commercial
instruments. Beyond their initial application, RIV methods
transitioned to inspecting oil-paper-insulated power cables
and oil-filled power transformers. It became an industry
standard, influencing designs and quality assessments [4],
[5], [6].
The progression of PD measurement techniques entered

a second phase wherein analog electronics were utilized to
capture and display PD pulses on an oscilloscope, aligning
these pulses with the prevailing 50 or 60 Hz AC cycle.
This approach, functioning within the time domain, contrasts
the frequency-domain orientation of the initial RIV/EMI
testing [7], [8], [9], [10].

Several technical shifts have marked recent evolutions in
PD measurement. The initial transition moved away from
analog electronics and oscilloscope visualization towards
the utilization of digital electronics. These digital systems,
backed by the proliferation of advanced analog-to-digital
converters (ADCs), not only stored but also displayed PD
data more efficiently. As a result, measurements started
encompassing higher frequencies, even extending into the
ultrahigh-frequency (UHF) spectrum. This era also saw
a heightened focus on data processing. Whether through
real-time digital logic devices or subsequent computer
software analyses, the intent was clear: to distinguish
PD from other potential disturbances and to accurately
identify the root causes of any detected PD [11], [12],
[13], [14].

Alongside these advancements in digital hardware, there
has been a parallel evolution in noise suppression method-
ologies and signal processing techniques, both critical for
accurate PD measurements. This has enabled PD testing
to be more effectively applied to high-voltage equipment
installed within power systems and industrial infrastructures.
Such evaluations are crucial for two primary reasons: firstly,
they provide insights into the possible degradation of the
high-voltage insulation system, and secondly, they aid in
predicting the imminent risks of system failures. As a
result, the insights derived from these evaluations have

become instrumental in informing the necessary maintenance
protocols and ensuring that operational equipment meets the
required safety and performance benchmarks [15].
Detection methodologies for Partial Discharge (PD) fall

into two primary categories: conventional and unconven-
tional. Traditional techniques, which are electrical, comply
with the IEC-60270 standard, serving as the benchmark
for PD measurement. Conversely, unconventional meth-
ods capture high-frequency PD signals via alternative
approaches, including acoustic detection, optical monitoring,
Ultra High Frequency (UHF) analysis, and the use of
High-Frequency Current Transformers (HFCT), expanding
the scope of PD detection beyond the limitations of standard
electrical methods [16], [17]. Where appropriate techniques
are used, it is also possible to observe the effects of
the discharge in the test sample later. In general, these
methods are not used to measure partial discharge quantities’
magnitude but primarily for the detecting and localizing
discharges. These approaches utilize various methodologies
to identify and locate discharge events, enabling partial
discharge to be detected beyond conventional electrical
measurements [18].

The emphasis on measurement precision has concurrently
grown, heightening the standards for the exactitude of PD
calibrators, a vital component of measurement systems.
Because the integrity ofmeasurement outcomes is profoundly
contingent upon calibrating the PD measurement apparatus.
Calibration seeks to validate the system’s proficiency in
accurately measuring designated PD magnitudes, a corner-
stone for ensuring the fidelity of diagnostic assessments.
This calibration procedure is pivotal for experimental con-
figurations, as it underpins the measurement’s accuracy
and reproducibility, aligning with established standards and
contributing to the broader discourse on PD measurement
methodologies. Such meticulous calibration underscores the
critical role of precision in the empirical investigation of
electrical insulation systems, facilitating a more profound
understanding of PD phenomena [19]. Charges are con-
ventionally calibrated between 10 pC and 10 nC, which is
based on industry standards and practical considerations,
including the typical PD values observed in equipment and
the capabilities of measurement devices. This range balances
sensitivity and practical applicability, ensuring accuracy
across common PD scenarios. However, with advancements
in insulating materials, particularly in high-voltage cable
systems, calibrations down to a few pC have become essen-
tial [20], [21]. The fidelity of PD measurement techniques is
intrinsically tied to the precision of the charge produced by
the calibration apparatus. As for the PD sources, there may
be solid, liquid, or gas voids and cavities within dielectrics
between electrodes. Numerous studies have been carried out
on PD, especially within air gaps. These publications aim to
deepen the understanding of the PD concept by thoroughly
explaining its phenomena [22], [23], [24].

There are many standards, theoretical, and experimental
studies on PDs, one of the most critical factors affecting the
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lifetime of dielectric insulation. While decades of research
and numerous field reports have investigated the aging and
failure of electrical insulation materials, some areas still
need to be explored. In particular, a better understanding
of the complex relationship between aging mechanisms
and tangible quantities such as space charge, PDs, and
conduction current will enable us to improve the durability
and performance of electrical insulating elements, leading to
longer lifetimes of insulating materials [25]. In addition, the
PD measurement system’s response rate is deeply influenced
by the interaction between the PD interfacing network and
the object under test, along with the related high-voltage
setup. Given this interplay, calibrating the entire testing
circuit, including the high-voltage setup, becomes essential
for accurate PD assessments. Hence, the PD calibrator is
a pivotal tool in upholding the integrity of high-voltage
evaluations [26].

This study introduces a partial discharge (PD) calibra-
tor design that diverges from conventional models, such
as the Tettex 9520 and Robinson Miniature Discharge
753US-1PD, which rely on simple low-voltage impulse or
sawtooth waveform generators with internal power sources
and galvanic separation [27], [28]. This laboratory-designed
calibrator leverages a pulse generator in series with parallel-
connected capacitors, enabling adjustable charge levels
through manual switches. Including a timer circuit and a
precise series RC configuration ensures rapid pulse rise and
fall times, fulfilling stringent measurement criteria. This
design simplifies the complexity typically associated with
electrical PD calibrators, offering a cost-effective and stable
measurement solution.

The contributions of this study and its significance are
summarized below:

• The designed PD calibrator combines advanced func-
tionality and cost efficiency through an innovative
design that utilizes economically priced components,
offering significant advantages in terms of adaptabil-
ity and affordability across various applications, and
demonstrating considerable cost savings compared to
existing alternatives.

• The calibrator design meets the parameters set by
the IEC 60270 standard. It also allows for various
pulse frequency adjustments, making it suitable for
reliable and precise high-voltage testing in different
industrial applications. This versatility is an essential
cost-effective contribution to literature as it fulfills
the need for specialized PD measurement solutions in
different industries.

• The performance evaluations to demonstrate the accu-
racy and reliability of the PD calibrator not only verify
the effectiveness of the developed calibrator but also
contribute to the body of knowledge by providing
empirical data on its operation under different variations.

• Finally, by addressing the cost and adaptability issues
of existing PD calibrators, it offers a new solution that
could significantly fill a market gap.

II. MATERIALS AND METHODS
Within solid insulating structures, some gaps or voids
are typically present. Often, these voids may be filled
with ambient air, byproducts emitted during the creation
of the solid dielectric, or another type of gas if the
system is submerged in a gaseous insulator. Generally,
these gaps in the nanometer dimension pose minimal risk
to the insulation’s integrity. However, as these spaces
expand to the micrometer scale, as seen in power cable
insulations, or even larger scales observed in components
like stator windings or GIS insulators, they can become
areas prone to PDs, which could culminate in a system
breakdown.

PDs are pulses that form due to overvoltage across a cavity,
with their magnitude being proportional to the nth power of
the overvoltage. Themagnitude reduces with increased cavity
space and moisture content. Figure 1 shows the electrical
equivalent circuit of a dielectric with cavities, the most
common sources of PDs.

FIGURE 1. Electrical equivalent circuit of a dielectric insulation with a
cavity.

Due to different theories about the formation of PDs, there
are different methods in the literature to measure PDs. The
most used PD measurement circuit with a coupling capacitor
is illustrated in Figure 2 [29], [30], [31].

FIGURE 2. The circuit of partial discharge measurement system.

The circuit of the electrical PD measurement system
is composed of a high voltage transformer, a coupling
capacitor, a measurement lead with four terminals, a mea-
suring instrument, and the PD calibrator. The component
Zn primarily acts as a high series inductance that ensures
transient PD currents are directed through the coupling
capacitor rather than the transformer, enhancing measure-
ment sensitivity. In many setups, the inherent self-inductance
of the transformer is sufficient for this purpose. However,
if additional inductance is needed to prevent PD currents from
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affecting the transformer, supplementary series elements
may be introduced to augment the low-pass filtering effect
and further improve the system’s performance. The PD
calibrator’s output is connected directly to the terminals of
the device under test and its reference potential is connected
to ground. Then, pulses with calibrated apparent charges are
applied to the coupling capacitor [8], [30], [31]. Any PDs
appearing across the coupling capacitor under high-frequency
charge are measured by a PD meter to verify the apparent
charge calibration. In partial discharge (PD) measurement
systems, calibration involves accurately adjusting the system
to measure PD events within high-voltage equipment. The
verification coefficient of the measuring system is defined
as the k − factor , obtained by dividing the pulse of known
charge (QCal) by the voltage provided by the peak detector
(VCal) that is a calibration constant selected to compensate
for the short-duration current pulses generated by a charge
q0. This factor is crucial for ensuring that the measurement
system accurately reflects the charge magnitude of PD events
by accounting for the system’s response to these rapid
pulses. The k − factor adjustment is essential for accurately
quantifying PD regarding apparent charge, enabling reliable
insulation assessment. [3] The PD measuring system must
meet the parameter values specified in IEC-60270 for the
applied pulses of the PD calibrator. The apparent charge value
measured by the PD meter depends on the capacity value and
the measuring circuit [27], [32], [33].
Direct measurement of PD occurring within insulation

flaws is not feasible. Instead, an associated electrical param-
eter, known as the apparent charge, is utilized to characterize
the PD activity. This apparent charge represents the quantity
of charge that, when swiftly applied across the terminals of
the Device Under Test (DUT) in a designated testing setup,
would replicate the same measurement indicator of the actual
PD current pulse. A high voltage is applied to the DUT to
assess the PD, leading to the measurement of the apparent
charge following a PD occurrence [34]. The scale factor of
themeasurement system, which is the proportion of the actual
input to the displayed reading, is calibrated within the entire
testing circuit. This is crucial because the response of the
measurement system is contingent upon the configuration of
the testing circuit [35].
In the test procedure, the PD apparent charge value is

calculated by comparing PD pulses defined in the PD detector
with calibrated PD signals. The PD pulses applied from the
calibrator should also be periodically measured and checked.
According to IEC 60270 standard, pulse parameter values
applied from the PD calibrator should be as indicated in
Table 1.

The construction of the PD calibrator is carried out
following the guidelines established by prior simulation
models, with its design rooted in the values derived from
these simulations. Furthermore, choosing resistors, induc-
tors, and capacitors compatible with integrated circuits is
essential to guarantee the calibrator’s effective operation [36],
[37], [38].

TABLE 1. Uncertainty values for PD calibrator according to the IEC
60270 standard.

The calibrator is configured with a pulse generator aligned
in series with an array of parallel-connected capacitors,
allowing various charge levels to be achieved by operating
push-button switches alternating between these capacitors.
The pulses are generated using an IC 566 timer circuit,
channeling the output into a series RC circuit. This RC
configuration is instrumental in attaining the targeted pulse
rise time (less than 60ns), fall time, and pulse duration
(less than 5µs) [1]. A configuration of capacitors arranged
in parallel, integrated with push button switches, facilitated
the generation of outputs at variable charge levels. These
outputs are quantified across the measuring resistor, Rm.
Components, including the battery, IC 566 timer, series RC
circuit, the parallel capacitors with their switches, and the
measuring resistor, are assembled on an electronic board and
soldered to establish the calibrator. The final output is then
gauged across Rm [38].

The circuit of the electrical PD calibrator usually has
complicated structures. In this study, the design of the PD
calibrator capable of taking stable measurements is realized
using simple circuit elements. The simple schematic of the
PD calibrator circuit performed in this study is given in
Figure 3 [28], [39].

FIGURE 3. Schematic of PD calibrator circuit.

The apparent load (q) values applied from the PD calibrator
are dependent upon the unit step voltage (V ′) and the
series connected capacitors (C0). In this study, different
apparent charge values are obtained by changing the values
of series-connected capacitors while the unit step voltage is
kept constant. The expression of the apparent charge values
applied from the PD calibrator is given below:

q = C0 ∗ V ′. (1)

The pulse form shown in Figure 4 is generated for
single-sided pulse generation applied from the PD calibrator.
In addressing the challenge of simulating realistic PD wave-
forms, the study elaborates on using sawtooth pulse forms for
single-sided pulse generation by a PD calibrator. Recognizing
that ideal step voltage is theoretically unattainable in practice.
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The methodology in this study hinges on ensuring rapid
voltage transitions—specifically from (0.1U0) to (0.9U0) is
shorter than 60 nanoseconds, and it may be possible to
produce the identical amount of charges as in the ideal case by
the standards. When generating single polarity step voltages,
it is necessary to ensure that the step voltage should return
smoothly to the initial state in TS = 10 − 50µs. Otherwise,
PD pulses in undesirable charges may be encountered [1],
[40].

FIGURE 4. Voltage impulses regarding (a) single and (b) double step
voltages.

Calibration pulses are generated by applying U0 step volt-
age to the test object over one of the selected series capacitors,
C0,C1,C2 . . . of which capacity values are known. Herein,
the measurement system measures the voltage across the test
object. As the capacitor C0 charges with voltage U0, the
charges q0 pass through the system. The calibration of the PD
measurement system is adjusted by selecting the k − factor
due to the short time current pulses caused by the charge of
q0.

Firstly, negative saw-tooth pulses are generated in the PD
calibrator. Afterward, a negative saw-tooth pulse is produced
at the desired rate using the LM566 oscillator chip and
necessary circuit elements such as resistance, capacitor, and
transistor. At this point, shorter rise time is the most important
feature in generating the negative saw-tooth pulses. Because
a shorter rise time of negative saw-tooth pulse ensures the
formation of the PD signal smoother, negative saw-tooth
pulse generation will produce a positive PD pulse and avoid
the formation of negative PD. Figure 5 shows the LM566
circuit diagram. The microchips used in the circuit are
selected according to the low-frequency values.

The capacitors C0,C1,C2 . . . used in generating the
calibration pulses should have the features of low noise,
stability, and capability of using high-frequency signals.
Figure 6 shows the adjustable capacitors used in this study.
This study uses six adjustable capacitors for the PD calibrator,
and the desired 6-different charge ratings are obtained with
the adjusted capacity values. If the chosen capacity value
changes over time, the desired charge level can be obtained
again by setting the capacity value of adjustable capacitors.
At the output of the PD Calibrator, calibration pulses can be
generated at 5 − 20 − 50 − 100 − 200 − 500pC values. The

FIGURE 5. Negative saw-tooth pulse generator circuit.

FIGURE 6. Adjustable capacitors used in the production of PD pulses.

magnitude of the calibration pulses at the output can be set
with the help of an adjustable switch.

Two 9V batteries are used in the PD calibrator supply
circuit, and the voltage is kept constant with a 12V zener
diode. Thus, desired PD charge values at constant voltage are
generated using different capacitors. In case of a total voltage
level lower than 12V at the supply circuit, the battery level is
controlled by a designed LED-based low battery level control
circuit. Accordingly, when the battery level falls below 12V,
the LED flashes and warns the user, as detailed in Figure 7.

The proper cabling process is one of the most essential
considerations in PD calibrator design. If cabling is not done
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FIGURE 7. Supply circuit (a) and battery indicator circuit (b).

FIGURE 8. PD calibrator analysis (second method).

FIGURE 9. Graphical representation of the partial discharge signal.

correctly, possible leakage capacity in the system may be
created. These resulting leakage capacities may affect the
PD’s output power, which may cause the reference PD signal
to be distorted at the calibrator output. Hence, all connections
must be accomplished using shielded cables to avoid the
creation of leakage capacitors in the system. The structure of
the tap changing switch (adjustable switch) used for adjusting
the PD calibrator output power may also affect the PD value.
It is necessary to connect the PD capacitors with the shortest
path to the taps of the switch in order to avoid capacity
creation between switch taps.

The fundamental components used in the industrial PD
calibrator design are a saw-tooth pulse generator, capacitors,
and the supply unit. As a saw-tooth generator, the LM566
integration chip produces pulses, the rise time of which is
in the range of nanoseconds. The generated saw-tooth pulse
signals are transferred to the capacitors using a particular
cabling method. Adjustable capacitors can change capacity

FIGURE 10. The industrial partial discharge calibrator (TÜBİTAK UME).

FIGURE 11. PD calibrator analysis by reference PD measurement system.

values between 1pF and 100pF . Applied saw-tooth pulse
signals are sent to the relevant capacitors using a tap-changing
switch, and the output signal is taken via the BNC connector.

III. RESULTS AND DISCUSSION
A. PD CALIBRATOR ANALYSIS
According to the IEC 60270 standard, two different methods
exist for analyzing PD calibrators. The first method compares
the PD calibrator to be analyzed with a standard PD on
a PD measurement system. The second method transfers
the applied PD calibrator pulse to the oscilloscope over
resistance, and the applied signals are analyzed afterward [1].

The first method described above is more expensive
and more complex because it requires a PD calibrator,
PD detector, and PD measurement device. In the second
method, only an oscilloscope and software capable of
calculating pulse parameter values are sufficient. In this
study, analyses are performed based on the above-mentioned
second method.

As shown in Figure 8, the output of the PD calibrator is
applied to the oscilloscope over a resistor with the shortest
BNC connector cable. Resistor modules designed for the PD
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FIGURE 12. (a) Measurements made with the reference PD measurement system, (b) The OMICRON PD measurement system, (c) The LDS-6 PD
measurement system, (d) The LDT-5 PD measurement system.

TABLE 2. Analysis of industrial PD calibrator on reference PD
measurement system.

measurement system are 50� − 100� − 200�. Selecting
200� as specified in the IEC 60270 standard is appropriate
to analyze the impulse signal at nominal values [25], [32].
The apparent charge (Q), the PD calibrator’s characteristic

value, is calculated based on the pulse integration method,
which uses known and stable etalon resistance. The following
equation defines the mathematical expression for voltage
integration, and software is used for the method of integration
calculation. Using this method, the average of the rise and
delay times, as well as the apparent charge, is calculated in
PDCAL format. Afterward, the standard deviation values are
determined, and the voltage across the resistor is analyzed
with the help of a digital oscilloscope.

q =

∫
i(t)dt = 1/Rm

∫
Um(t)dt. (2)

where i(t) is the current pulse produced by the cali-
brator, and Um(t) is the voltage drop measured by the
oscilloscope.

The graph of the PD signal is given in the Figure 9 [39].
The rise time of the impulse voltage, which is measured by
an oscilloscope over 50� resistance (Ri) is defined as the time
that corresponds to points between the peak voltage values of
10% and 90% in the front period of the pulse. As for the time
delay (td ) of the pulse, it is defined as the time between 10%
value in the front period of the pulse and 10% value in the
damping period [1].
The results of the reference PD measurement system

developed at TÜBİTAK UME, whose design is shown in
Figure 10, are given in Table 2 under 1 kHz repetition
frequency.

The parameters, i.e., apparent charge (q0), rise time (tr ),
and repetition frequency (N ) values of the pulses applied
from the PD calibrator are calculated. Figure 11 shows PD
calibrator analysis with reference PD measurement system.

The uncertainty factors for the PD calibrator are presented
in Table 3. Uncertainty values of calibrated systems do not
include long-term stability and long-term error. Declared
expanded measurement uncertainty results from multiply-
ing the standard measurement uncertainty by k = 2,
which ensures the 95% reliability level based on a normal
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distribution. Standard measurement uncertainty is specified
by GUM and EA-4/02 documents [41].

TABLE 3. Uncertainty source values affecting PD calibrator.

B. COMPARISON OF PD CALIBRATOR WITH
MEASUREMENT SYSTEMS
The developed PD calibrator is compared with four different
PD measurement devices as in Table 4. Comparisons of the
PD calibrator with different devices are shown in Figure 12.
In the comparison in Table 4, one reference PD measurement
system, two coupling capacitor test methods with a PD
detector, and an electronically designed PD measurement
device are used. It is clear from the comparison result that
the developed calibrator is compatible with all systems.

TABLE 4. Calibration results of PD calibrator.

IV. CONCLUSION
Developing an industrial PD calibrator that complies with
the IEC 60270 standard has been successfully achieved. The
primary objective was to create a PD calibrator capable
of calibrating PD measurement systems while meeting the
industry’s stringent accuracy and reliability requirements.

The designed PD calibrator demonstrated exceptional
performance during various tests, showcasing its suitability
for calibrating PD measurement systems across various
applications. Notably, the proposed PD calibrator exhibited
impressive precision, applying PD pulses with an uncer-
tainty level of approximately 1.8% across charge values of
5 pC, 20 pC, 50 pC, 100 pC, 200 pC , and 500pC . This
remarkable level of accuracy ensures the trustworthiness of
PD measurements in high-voltage establishments.

Furthermore, the versatility of the PD calibrator is a
significant advantage, as it can accommodate a wide range
of pulse charges. This adaptability positions the calibrator
to meet the diverse PD calibrator requirements of various
high-voltage manufacturers within the industry. From a
forward-looking perspective, future work will focus on

designing industrial PD calibrators capable of applying even
smaller apparent charges, particularly below 5pC . These
developments aim to address the evolving needs of the
industry and further enhance the accuracy and reliability of
PD measurements.

The PD calibrator’s successful development and testing
represent a significant advancement in high-voltage testing.
The achieved level of precision, compatibility with industry
standards, and cost-effectiveness make it a valuable tool
for ensuring accurate PD measurements and enhancing
the overall quality of electrical equipment in industrial
applications.
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