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Abstract: This paper proposed a filter for the mitigation of power harmonics based on an integration of filters namely double-
tuned plus C-type filter (DTPC). The proposed DTPC filter is mainly aimed to filter the total demand distortion (TDD), as
well as the total harmonic distortion (THD), based on IEEE-519 standards. The harmonic filter is presented within the
framework of harmonic mitigation as a method of power quality control. Besides, a neural network estimation model to identify
harmonic percentage in the power system is also proposed. Two modelling schemes are presented for the simulation of the
harmonic filter, which are the load modelling and the source modelling, using the neural network technique. The load
modelling is a scheme to predict the current distortion, while the source modelling is a scheme to predict the voltage distortion
at the point of common coupling. These two methods may work as standalone tools at the customer's side; thus, it will not
interfere with the online operation of the customer's power supply system. The load and source modelling are combined with
the DTPC filter in mitigating both the THD and the TDD effects. As a result, the DTPC filter allows customers to maintain a
THD and TDD percentage below 10%, and hence customers could meet the IEEE-519 standard.

Keywords: Capacitor-type filter; Double-tuned filter; Load modelling; Neural networks; Source modelling; Total demand
distortion; Total harmonic distortion.

1. INTRODUCTION

As technology advances, the number of nonlinear loads is increasing, which affects the power quality in a power system and,
consequently, the quality of the power delivered to other customers. A combination of AC and DC variable speed drives, along
with arc furnaces, is among the most common large power nonlinear loads. In many industries, DC drives can be a significant
plant load. They are commonly found in the oil and chemical industries and those of metals and mining. In applications
requiring very fine control throughout a wide speed range and high torque, these drives remain the most popular large power
motor speed control type. Because these drives have relatively poor power factors, especially when the motor is at a reduced
speed, power factor correction is particularly important. There are additional transformer capacity requirements to handle poor
power factor conditions, and more utilities are charging a power factor penalty, which can significantly impact the total bill
for the facility. DC drives also produce significant harmonic currents. Power factor correction becomes more difficult when
harmonics are present. In power factor correction capacitors, resonant situations may occur which may magnify harmonic
currents, causing excessive distortion levels. Arc furnaces also present a very difficult load for the supplier and the customer
in terms of reactive power compensation and harmonics filtering.

In order to prevent the adverse effects of nonlinear loads on the power network, passive filters are commonly used.
However, different configurations should be considered before making a final design decision. The performance criteria are
including current and voltage ratings for filter components, as well as filter and system contingency conditions. Before
selecting any filter scheme, a power factor study should be performed to determine whether any reactive compensation is
required. If power factor correction is not necessary, a minimum power filter can be designed; one that can handle fundamental
and harmonic currents and voltages without involving reactive power. Tuned filters are sometimes needed in combination. In
filter design, the capacitor and the reactor impedance must be predetermined. In case engineers do not know the appropriate
initial estimates, the process must be repeated until all the values are determined.

In most cases, filter considerations are based on these simplifying assumptions: (a) the harmonic source is an ideal current
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source; (b) the inductance filter (LF) and the capacitance filter (CF) are lumped elements and their values are constant in the
considered frequency interval; (c) the filter resistance can be sometimes neglected and the filter is mainly loaded with the
fundamental harmonic and the harmonic to which it is tuned [1]. Recent works focus more on complex filter structures, or
large numbers of filters connected in parallel, or their self-interaction and cooperation with the power system (the network
impedance), as well as non-zero filter resistances, which may impede or even prevent an effective analysis. The new approach
uses artificial intelligence methods, such as genetic algorithm (GA) as appeared in [2-4].

2. OVERVIEW OF THD AND TDD PREDICTION METHODS

The harmonic source can cause equipment failure at both in networks and users’ installation systems subjected to voltage and
current source that is produced. Effects such as exposure are usually not visible [5], however this may lead to serious
consequences in the long and medium terms. The followings are the frequently encountered harmonic problems faced by the
utilities industries:

i)  Voltage distortion

ii) Increased of RMS currents, heating and line losses

iii) Need a higher K-factor transformer due to overheating on the power transformer.
iv) Derating on equipment performance

v) Overloading at neutral and phase conductors

vi) Tripping due to voltage harmonic sensitive, fuse blowing of power factor

vii) Failure of control system and reduced system stability.

Harmonic currents are injected from harmonic producing load into the utility network through distribution feeders. This
will be affecting the operation of other electrical and electronic equipment which are connected to the distribution feeder,
including the harmonic producing loads. It became difficult for the transmission and distribution systems to discern the
direction of harmonic flow [6]. As a result, even small harmonic sources can cause high levels of harmonic current flow
between customer and utility.

The 2" harmonic has an impact on the voltage source. When the half-cycle has a higher peak voltage than the next cycle,
this effect can be accentuated in the harmonic flow. There will be three main harmonic orders which give higher impact such
as 3™, 5" and 7" order of harmonic [7]. The 3™ harmonic is mainly zero direction. Mostly its rise at the potential of the neutral.
This will have a much stronger impact on the communication lines compared to the 5" and 7% order of harmonic, because it
creates additional losses in the neutral current path even if the load is balanced but nonlinear. The 5" harmonic stills a
predominant component-mix that is observed on the voltage level [8]. The 5" harmonic travel in negative sequence in another
term will be reverse rotation. Once the 5™ harmonic, this will cause the motor to overheat and fail.

To resolve or minimize the harmonic related problems, IEEE-519 recommended a standard enforced by the utilities
industries. IEEE-519 standard defines limits on total harmonic distortion (THD) as well as total demand distortion (TDD) with
regards to both voltage and current. TDD is often the most important parameter to check for IEEE-519 compliance, as without
each customer staying within limits, it will be difficult or impossible for the utility to meet the voltage requirements [9]. A
small current may have a high THD value but does not give a significant effect on the system. Many adjustable speed drives
will exhibit high THD for input current when operating at lower load. This is not a significant concern because the magnitude
of harmonic current is low even though the current distortion level is high.

TDD is defined as total root-sum-square harmonic current distortion, in percent of the maximum demand load current or
30-minute demand. When the point of common coupling (PCC) is considered at the service entrance or utility metering point,
IEEE-519 recommends that the maximum demand load current (IL) be calculated as the average current of the maximum
demand for the preceding 12 months. To calculate TDD for new construction, prior to installation of equipment, one may use
good engineering judgments to estimate the expected maximum demand load current [10].

2.1 Available Evaluation Methods for TDD and Its Limitations

TDD which is the fundamental of the peak demand load current has served as the basis for guidelines in IEEE-519 Standards
(2014) which is a new recommended practice and requirement for harmonic control in power system [11]. If the TDD
percentage increases, this will indirectly impact the customer power factor and also the voltage distortion will be produced at
the utility distribution side. By eliminating or minimizing the TDD percentage, this could help customers in preventing power
sources from the effect of inadequate power factor. Apparently, TDD value needs to be monitored by the customer in order to
meet the utility standards. However, at this moment the customer needs to measure load current and key in the value separately
to capture the TDD distortion in the offline mode.

Besides, it is difficult to distinguish the point sources of the harmonic distortion (i.e. in THD or TDD form) whether it is
coming from the customer’s side or utility side due to the interconnection of power-line networks. This situation is considered
a nonlinear case, and in practice the investigation should be carried out online (i.e. without turning off the electricity supply)
to avoid disruption of customer’s operation. Hence, the determination of the noise contributor is a vital process and whether
the harmonic distortion level has exceeded the standard limitation level or not. Several methods have been found in the
literature to address this problem by using hardware and statistical methods. In this work, an artificial neural network (ANN)
estimation scheme will be introduced in characterizing the harmonics distortion point sources and its level in nonlinear power
load networks.
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Figure 2. Voltage and current inverters for active filters [20]

2.2 Available Methods for Filtering the Power Distortions

Passive Filters: Passive harmonic filters can either shunt or block harmonic currents [12]. The harmonic currents injected by
loads are short-circuited by shunt filters. They prevent harmonic currents from entering the supply system. Due to economic
considerations and benefits such as power factor correction [13], shunt filters are the most common type of filtering scheme
used in industry. There are different types of shunt filters depending on the frequency response characteristics. Examples
include a single-tune filter, a second order filter, and a high pass filter. Harmonic currents can be blocked by the series filter.
The circuit offers a high inductance to the harmonic current because it is double tuned. As it is difficult to insulate and the load
voltage is very distorted, it is not frequently used. A common application is in the neutral of a grounded capacitor, where it
blocks zero sequence harmonics while maintaining a good ground at the fundamental frequency. Harmonic filters can be
extremely difficult to design and are system dependent. Due to this, combinations of harmonic filters have not yet been
developed. Passive shunt filters are the most utilized method of harmonic mitigation [14-16]. They are designed to present a
low impedance path to ground for the harmonics to be filtered [15]. Three types of passive shunt filters are presented left-to
right as shown in Figure 1 in order of increasing complexity.

Active Filters: Filters that use active mechanisms compensate for distortions in signals by injecting signals that cancel them
out. A distorted signal can either be analyzed in a time domain or in a frequency domain. Filtering in the time domain produces
the desired sinusoidal signal by injecting signal [17]. The frequency domain filter analyzes the frequency content then injects
signals of equal magnitude but opposite phase to cancel the harmonics. Figure 2 shows an active filter injects signals through
an inverter that allows a DC current or voltage source to be disconnected, connected positively, or connected negatively from
the system [18]. Most active filters have a complex control system for determining how the inverter should be controlled.
Generally, they require more complex technologies, resulting in higher costs and difficulty in maintaining [19]. For these
reasons, active filters are currently not an attractive option for reducing harmonics in industry [21-22].

There are several simple injection control systems, but they also tend to incur large losses and so are only suitable for low
power applications. On the other hand, voltage injection systems can be added in parallel to increase the overall rating of the
filter. The primary drawback of voltage injection is the complexity of the control system [20].

2.3 Research Contribution

This study contributes by reviewing existing methods proposed by researchers for distinguishing THD harmonics from power
distribution and identifying harmonic direction. Existing methods highlights that many existing efforts assume a radial feeder
supplying a single load with known feeder impedance or multiple loads connected to a PCC with sinusoidal voltage and zero
impedance at the PCC. However, these approaches fall short in providing a robust solution to identify the TDD impact on the
power system. Consequently, there is a need to introduce novel methods in this research to accurately capture both TDD and
THD while incorporating an elimination function through harmonic filtering.

This research aims to redesign a Neural Network (NN) to enhance its effectiveness in handling nonlinear load
relationships. The proposed NN is designed to generalize learning and generate reliable outputs for inputs not encountered
during the training period. It functions as a black box model, specifically identifying THD and TDD impacts on the system
and activating a filter to eliminate harmonic effects. Additionally, the study aligns with IEEE 519 standards, focusing on THD
and TDD levels of harmonics to minimize their impact through appropriate filtering.

3. THE PROPOSED METHODS

3.1 The Proposed Filtering Strategy for Power Distortions Mitigation

A general procedure for analyzing harmonic problems is to identify the worst harmonic condition based on IEEE-519 standard
and recheck for other harmonic conditions. Commonly, impedance versus frequency dependencies are analyzed for all
reasonable operating contingencies. The filter component will be activated at each point in the system where harmonic sources
are present, such as THD or TDD.

In this work, we introduce the integration of two types of filters to reduce the THD and TDD percentages in power systems
simultaneously. The idea of the filtering scheme is illustrated in MATLAB Simulink simulation by the three-phase power line
system as in Figure 3(a) (i.e., the high voltage (HV) filter block represented in green box). The details connection of the filter
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block is illustrated in Figure (b). The power line system contains of the utility equivalent circuit and the customer side load
(i.e. represented by a transformer machine).

To simulate customer load, this design includes two control points, which are the universal bridge (IGBT control) and
pulse width modulation (PWM) block. In this block, the IGBT circuit is used to convert AC to DC signal to drive the customer
load. A PWM circuit with IGBT will create a non-linear load that can be used for studying harmonic distortion (i.e. THD and
TDD). The block can control switching devices of single-phase half-bridge, single-phase full-bridge (unipolar or bipolar
modulation), or three-phase bridge. In the synchronized mode of operation, second input is added to the block, and the internal
generation of modulating signals is disabled. A double-tuned filter has been adopted to minimize harmonic distortion and a C-
type (i.e., a type of capacitor bank) filter has been combined to filter the TDD percentage in power lines. The implementation
is done in simulation by using MATLAB Simulink software.

3.2 Double-Tuned Harmonic Filter

The harmonics of very high-power converter systems (e.g. those with HVDC) shall be removed by using a double-tuned
resonant filter. A single tuned filter has its advantages such as lower power losses at fundamental frequency, compact structure
and using single breaker, as well as disadvantages such as more difficult tuning process and greater sensitivity of frequency
characteristic to changes in components values. Such filters are economically viable only for very large power installations,
hence they are not commonly used for industrial applications. However, there are rare instances in which such filter is justified.
Figure 4 shows the double-tuned filter structure. The double-tuned filter performs the same function as two single-tuned filter
although it has certain advantages. At the frequency of the parallel resonance that arises between the two tuning frequencies,
the losses are lower, and the impedance magnitude is smaller. Figure 5 shows the frequency characteristics of a double-tuned
filter. The graph shows the superimposed characteristic curves of the parallel branch. The double-tuned frequencies, f7, and f2
points can be captured clearly. At the two tuned frequencies, the total impedance of the filter is zero, so a double-tuned filter
can filter two different frequencies of harmonics. This relation graph is used a guide in the determination of the constructed
filter’s parameters.
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Figure 3. (a) The connection of the proposed filtering scheme in MATLAB Simulink; (b) HV capacitor filter block
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To design the double-tuned filter components’ parameters (i.e. Li, L», C) and (), the relationship equations can be found
in Equation (1) to Equation (9). In the equations, wr denotes as angular resonance frequency of the parallel part; ws denotes
as angular resonance frequency of the series part; and @,; and @, are the tuned angular frequencies of the double-tuned filter.
An optimization method (i.e. genetic algorithm) is used to determine the values of C; and C; for which the impedance-
frequency characteristic attains the least value (at chosen harmonic frequencies) for the given filter power. Other parameters’
denotation are as follows: Rc1, Rez, Rii and Ry are the equivalent capacitor and reactor resistances (which connected in series
to each corresponding component); Q-factors (Qr) is reactive power of the basic harmonic of the filter or group of filters; and
U is RMS operating voltage. In this work, to design the double-tuned filter, the following parameters’ values were
considered: Qr =1 Mvar, U=6kV,nl =5,n2="7,n,=6[21].

2 4
Cl - {0.)1 (wnlwnz) - w_l +
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RLZ
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RCZ

Parameters of the analyzed double tuned filter are listed in Table 1. In this work, a genetic algorithm approach is
adopted, which described in [21]. The primary goal of the genetic algorithm is to make the filter structures similar to the
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basic structures by minimizing the influence of additional resistances. The obtained result is in term of the optimization of

the frequency characteristic pattern is shown in Figure 5. The optimal values of the filter parameters obtained from the

optimization process are given in Table 1.

Figure 4. Double-tuned filter structure
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Figure 5. Double-tuned filter frequency characteristics

Table 1. Optimised values of the double-tuned filter parameters

Parameters Values Parameters Values Parameters Values
Ci [pF] 85.52 L, [mH] 0.384 Rci [mQ] 7.44
Co[uF] 732.72 Ry [mQ)] 10.94 Rer [mQ] 0.868
Li[mH] 3.482 Ri [mQ)] 1.207 R, [MQ] 1
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3.3 C-type Filter (Capacitor Filter)

The primary disadvantage of most filter-compensating device structures is that they perform poor at filtering high frequencies
region. C-type filter is usually used to eliminate this disadvantage by using broadband (damped) filters of the first, second or
3 order of harmonic distortions [22]. Another advantage of broadband type filter is the significant of their cooperation with
power electronic converters in which they damp commutation notches more effectively than single branch filters, since they
have a larger bandwidth. The inter-harmonic components (in sidebands adjacent to characteristic harmonics) that are generated
by static frequency converters are also eliminated more effectively with these methods. Figure 6 shows the C-type filter design
used in this work. In the design, the capacitor branches are tuned to the fundamental harmonic frequency which can achieve a
significantly better reduction of active power losses as compared to single branch filters.

Capacitor unit ratings are specified in kVAR. Low voltage systems tend to have capacitors with ratings between 2.5 and
100 kVAR per unit. The capacitors are capable of continuous operation, but not exceeding 135% of the nameplate kVAR. In
Table 2, the typical rating for each capacitor is given [23]. Based on Equation (10), if the operating voltage increases or
decreases from the nominal operating voltage, then the kKVAR delivered changes accordingly.

Operating Voltage )2
Rated Voltage

KVAR goiwerea = Rated kVAR x ( (10)

To select the suitable capacitor values for a three-phase of 415 V, 50 Hz supply system, the capacitor filter bank design is
connected to the neural network source modelling (will be discussed in the next section) to analyze the amount of TDD
produced. In this setup, different kVAR values of capacitor unit rating are tested to obtain the percentage of TDD before and
after implementation of C-type filter. When TDD drop to below 10%, the kVAR model is chosen. The results of the simulation
testing are shown in Table 3.

The IEEE-519 standard requires that TDD be less than 10%, which led to the decision to design the capacitor with 10
kVAR. If the power system is generating high power and high TDD level, the harmonics level generated from load will
increase. Therefore, it is proposed to expand the existing reactive power compensation and harmonic mitigation system. For
the improvement, the system will comprise of the calibrated double-tuned filter expanded with the C-type filter, namely double-
tuned plus C-type filter (DTPC). The series capacitors in the radial system can be used to improve the voltage profile on
distribution systems. The basic components used in a series capacitor scheme in a radial system were explained. To summarize,
the application of series capacitors for the transmission line tend to increase the transfer capability.
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Figure 6. The C-type filter circuit
Table 2: Voltage and kVAR ratings of the capacitor units
Terminal to . No. of
Terminal Voltage kVAR Rating Phases kv
216 V 5,7.5,13.3, 20, and 25 1 and 3 30
240V 2.5,5,7.5,10, 15,20, 25, and 50 1 and 3 30
480 V 5, 10, 15, 20, 25, 35, 50, 60, and 100 1 and 3 30
600 V 5, 10, 15, 20, 25, 35, 50, 60, and 100 1 and 3 30
24 kV 50, 100, 150, and 200 1 75
2.7kV 50, 100, 150, and 200 1 75
4.1 kV 50, 100, 150, and 200 1 75
4.8 kV 50, 100, 150, and 200 1 75
6.6 kV 50, 100, 150, 200, 300, and 400 1 95
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Table 3: Capacitor filter design test with source modelling

Capacitor TDD Average | TDD Average (with C-
kVAR (without filter) type filter)
2.5 20.0% 18.7%
5.0 21.0% 13.0%
7.5 18.7% 10.8%
10 22.0% 5.8%
15 19.6% 5.8%
20 18.0% 5.8%
25 19.2% 5.8%
50 22.0% 5.8%
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Figure 7. Implementation of the load model identifier for the estimation of power distortions (i.e. THD and TDD)

3.4 Neural Network Load Modelling Combined with the Harmonic Distortion Filter

In this work, a neural networks-based method (namely the Load Model Identifier) is proposed to predict the true harmonic
current distortion that can be attributed to a customer, without disrupting the operation of any customer. To illustrate this
concept, reconsider the three-phase power line diagram as depicted in Figure 3(a). The whole concept of the neural network-
based Load Model Identifier (LMI) is illustrated in Figure 7. In order to filter the harmonic losses, the DTPC filter will be
included in this network. When the load modelling predicts THD and TDD percentage, the customer can activate the filter
circuit to reduce the harmonic loses in power line. The load modelling predicts the true harmonic current distortion that can be
attributed to a load. Instead of using traditional neural network topologies, the load modelling method now uses the
identification and the estimation neural network, denoted as ANN1 and ANN2, respectively. In Figure 7, a one-line diagram
of a three-phase supply network having a sinusoidal voltage source V, network impedance (L, and R;), and several loads (one
of which is nonlinear) connected to a PCC.

The nonlinear load injects distorted three-phase line current ia. into the network. ANNT1 is trained to identify the nonlinear
characteristics of the load. ANN2 predicts the true harmonic current that would be injected by the load into the network if it
were possible to isolate the load and supply it from a pure sinusoidal source. ANN?2 is an exact replica of the trained ANN1
structurally. When the harmonic THD and TDD exceed the predefined percentage (e.g. 10%), the customer shall activate the
DTPC filter to minimize the distortion.

3.5 Neural Network Source Modelling Combined with the Harmonic Distortion Filter

By using neural network approach, the second method is proposed to predict the change in the distortion level of the voltage
at the PCC if the customers were to draw only fundamental current and filter out its harmonics. This method called as source
modelling. Looking back into the utility side from the nonlinear load, the equivalent circuit now consists of all the other loads
(in) and the actual source voltage. The proposed schematic for the implementation of source modelling method is shown as a
single line diagram with DTPC filter embedded as shown in Figure 8.

The nonlinear load injects distorted line current iy into the network. The voltage at the PCC with all operating load is
obtained at V. point. The input current iu. is used as the input to the ANNI. ANNI is trained to identify the voltage
characteristics at the PCC. At any moment in time after the ANN/ training has been completed, its weights are transferred to
the ANN2. If the nonlinear load were to draw a sinusoidal current, then the distortion level of the voltage at the PCC would
change due to the absence of harmonics in the nonlinear load’s current. Hence, the ANN2 based on neural network algorithm
is able predict the THD and TDD percentage. When the THD and TDD are higher than predefined percentage (e.g. 10%),
DTPC filter will be activated by the customer and this can minimize the harmonic losses in customer network. When harmonic
distortion is being eliminated, this can simultaneously improve customer power factor (PF).
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4. RESULTS AND DISCUSSION
4.1Load Modelling with DTPC Filter

Figure 9 shows the proposed schematic in MATLAB Simulink for the implementation of load modelling method, as discussed
in Section 3.4. This model can be implemented for single phase as well as for three-phase system. This schematic has inter-
relationship with the main power line diagram as illustrated in Figure 7, i.e. Vs block in Figure 9 is connected to Vs power
source bus in Figure 7. A number of simulations has been conducted using the load modelling topology to see the effect of the
harmonic distortion with and without the implementation of DTPC filter. The test results are listed in Table 4.

According to the IEEE standard, the minimum specification of THD and TDD is 10%. In Table 4, the red results indicate
that the distortion readings are out of specification. From the table, it is found that when customer load is connected to the non-
linear load, it generates higher harmonics and when the harmonic THD and TDD levels are higher than 10% it creates energy
loss. To reduce harmonic loss, the DTPC filter is activated. Once the filter starts the process, it minimizes the harmonic
distortion to the lower level and can meet the IEEE-519 standard.

Figure 10 shows the waveform of the AC voltage at the PCC point before activating the DTPC filter to the customer
network, which includes the distortion signals. Figure 11 shows the FFT graph for the THD percentage before activating the
DTPC filter. The current has a THD of 10.1% and the harmonic in this current includes the contributions from the load. By
implementing the DTPC filter, the higher order noise can be filtered out beginning from 2" order to the 9" order. When the
filter starts operating, the noise will be cancelled, and a clean sinewave will be generated. Figure 12 shows a clean sinewave
AC signal. The DTPC plays a large role in reducing THD and TDD losses in the power network, hence the customer can meet
IEEES519 standards. The FFT graph in Figure 13 shows the THD percentage after activating the DTPC filter. The THD
percentage dropped from 10.1% to 4.8%. With these, customers can meet industry standards, which require harmonic levels
below 10%.
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Table 4. Test data without and with filter mode for load modelling system using THD and TDD specification of 10%

Test Data Without DTPC Filter

THD, % (for each

TDD, % (for each

phase) phase)
Test 1 12,7,.8 9,10,7
Test 2 14,8,10 9,10,7
Test 3 17,12,12 9,10,7
Test 4 20,19,15 10,10,7
Test 5 14,13,11 10,10,7

Test Data with DTPC Filter (for each phase)

THD, % (for each

TDD, % (for each

phase) phase)
Test 1 2,23 4,6,2
Test 2 1,2,3 5,84
Test 3 1,2,3 4,6,3
Test 4 2,23 3,6,2
Test 5 2,23 4,6,2
Fundamental(50Hz) = 615.3 , THD= 10.08%
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Figure.13. FFT analysis graph with DTPC filter

4.2 Source Modelling with DTPC Filter

Figure 14 shows the proposed schematic in MATLAB Simulink for the implementation of source modelling method, as
discussed in Section 3.5. This model can be implemented for single phase as well as for three-phase system. This schematic

has inter-relationship with the main power line diagram as illustrated in Figure 3(a).

Table 5 shows a number of test results before and after implementing the harmonic filter. The DTPC able to eliminate the
harmonic noises from THD and TDD to the lower level to meet the IEEE-519 standards. This will indirectly help the customer
to meet IEEE-519 standards. Without each customer staying within limits, it will be difficult or impossible for the utility
distribution authority to meet the voltage requirement. At the maximum load, TDD and total harmonic percentage remain the
same. As the load is varied below the maximum load, the TDD value will have a better response as compared to without the

filter. This is the significant result obtained from this work.
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Figure 14. Implementation of source modelling scheme in MATLAB Simulink

Table 5. Test data without and with filter mode for source modelling system using THD and TDD specification of

10%
Test Data without Load and without Filter
THD (%) (for each TDD (%) (for each
phase) phase)
Test 1 1,2,1 20,15,14
Test 2 2,0.8,0.8 36,20,26
Test 3 2,1,1 28,17,23
Test 4 3,0.8,0.8 36,19,26
Test 5 1,0.8,0.8 35,20,26
Test Data with load and without Filter
THD (%) (for each TDD (%) (for each
phase) phase)
Test 1 2,0.8,1 32,18,25
Test 2 1,0.8,0.8 29,17,23
Test 3 2,1,1 29,17,24
Test 4 1,0.4,1 30,9,18
Test 5 0.7,0.4,0.8 30,9,15
Test Data with load and with Filter
THD (%) (for each TDD (%) (for each
phase) phase)
Test 1 0.8,1,1 6,2,3
Test 2 0.8,1,1 6,2,3
Test 3 0.7,0.8.1 3,1,3
Test 4 0.4,0.8,0.8 2,1,3
Test 5 0.4,0.7,0.8 1,1,3

Figure 15 shows the customer’s AC current network before DTPC filter is being activated. The sinewave having distortion
due to the harmonics that present in the network. Based on IEEE-519 standard, customer needs to maintain the THD and TDD
percentage below than 10%. After activating the DTPC filter, the higher order noises have been filtered out and a clean
sinewave signal could be obtained which meets the IEEE-519 standard, as shown in Figure. 16.

The most important requirement for any filter is the precise detection of the individual harmonic component’s amplitude
and phase [23]. To predict the THD and TDD, the load modelling and source modelling concepts have been introduced. With
the aid of simulation data from three phase circuits, it has been verified in principle that the proposed method can indeed learn
the impedance of the nonlinear load and predict the change in the voltage distortion levels at the PCC.

This is an extremely important parameter which would clearly indicate whether a nonlinear load is responsible for the

violation of the IEEES519 voltage limits at the PCC [24-25]. In general, the aim of IEEE-519 is to limit the harmonic current
coming from individual consumers as well as to reduce the distortion of the system voltage provided by the utilities.
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4. CONCLUSION

In this paper, a DTPC filter has been proposed to mitigate harmonic currents injected by the industrial loads. Several selected
case studies of power electronic systems analysis are presented, particularly with respect to the occurrence of high harmonics
and reactive power compensation. A good way to minimize harmonics in electric power systems is to measure harmonic level
in power system and limit them with filter method. This could prevent equipment from any operational problems. Furthermore,
the proposed filter is incorporated by a neural network modelling approach for estimating the distortion level, especially the
estimation of TDD which in practical the process is too hassle as requires to disrupt the customers’ power supply (i.e.
measurement in offline mode). By using neural networks, the obtained results are very similar to those obtained by the
measurement methods. The neural network model will ease the utility owner and customer in determining the percentage of
THD and TDD without disrupting any running process.

These two suggested methods will operate at the customer side as an automatic standalone tool without disrupting the
operation of the customer system. Customers will easily monitor the predicted current distortion in the system by the proposed
method which internally runs the neural network algorithm. The utility company may penalize the customer based on the load
modelling scheme. The proposed load and source modelling will give some idea on the harmonic filtering method. The DTPC
filter will be activated to filter out the THD and TDD, based on IEEE-519 percentage guide.
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