INTERNATIONAL JOURNAL OF MATHEMATICS AND COMPUTERS IN SIMULATION

DOI: 10.46300/9102.2022.16.11

Volume 16, 2022

Amalgam Illogical Controller Design Using
Amended Moth System for Heat Reduction 1n
Insulated Gate Bipolar Transistor

P. Loganathan',
Vinayaka Mission’s Kirupananda Variyar Engineering College
NH-47, Sankari Main Road, Periya Seeragapadi, Salem — 636 308.
Tamilnadu, India.

P. Selvam?
Vinayaka Mission’s Kirupananda Variyar Engineering College
NH-47, Sankari Main Road, Periya Seeragapadi, Salem — 636 308.
Tamilnadu, India.

Abstract: The electric vehicle is seen as a possible replacement
for current-generation automobiles and to address the rising
pollution. In electrical drives, Insulated Gate Bipolar Transistor
(IGBT) modules deliver power to the motor generate a lot of heat
during switching. However, heat generation in IGBT hinders the
performance of the electric vehicle. The foremost existing
techniques analyze the heat however does not control the heat
production in the IGBT module, and also high heat density leads
to failing components. Thus to reduce the heat generated in the
IGBT module, the work proposed an amalgam illogical controller
that handles nonlinearity and provides a quick response. This
controller is further tuned by Amended Moth System (AMS) to
reduce heat consumption in the IGBT module with electrical
parameters. Furthermore, the IGBT is complex to excessive
voltage and excessive temperature therefore the current and
voltage harmonics in the inverter are reduced by a seamless
genuine adaptive filter that detects and suppresses the specified
harmonics in the estimated back-EMF, consequently reducing the
harmonic position error in the estimated rotor position. Even
though there is a problem with a wide range of frequency in the
electric motor. To reduce the switching frequency supremacy
harm checker is incorporated which is forced to choose active and
zero voltage vectors alternatively, to decrease the variation in the
switching frequency. Thus the proposed outcomes efficiently
tackle the issues in EV and greatly reduce heat consumption in the
IGBT module.
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I. INTRODUCTION

Electric vehicle (EV) developments have made a

significant leap forward over the last 20 years, largely driven by
advancements in electric motor drives, power converters,
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batteries, and system design. Generally speaking, EVs can be
categorized as hybrid electric vehicles, plug-in electric hybrid
vehicles, more electric vehicles, and all-electric vehicles,
depending on the vehicle electrification [1]. EVs serve a
demand that is cost-sensitive and innovations are being
introduced to boost their system performance while driving
down costs [2]. In addition to initial costs, key component
reliability is an important performance indicator that affects
operational costs and could make the difference between
marketplace success and failure of a product. Power electronic
converters are frequently used in electrical traction drive
applications, while multichip isolated-gate bipolar transistor
(IGBT) power modules are the most commonly used control
switches for onboard power converters of the EVs [3]. Yet
IGBTs are considered to be prone to failure, and the situation
would only get worse when working under an EV's bonnet in
the harsh environment. Isolated gate bipolar transistor (IGBT)
is a core device for power transmission and transformation, and
has a wide range of applications in areas such as smart grids,
rail transit, and distributed renewable energy generation [4].
These applications have high IGBT requirements for reliability.
Once the IGBT fails, it will cause serious economic losses and
even major safety accidents. The main failure parts include
bonding wires, solder layers, and chips. Consequently, it is
important to ensure the reliability of the IGBT module during
the operations [5]. IGBT module's internal structures slowly
age and fail when the module is subjected to long-term thermal
and mechanical stresses Obviously, IGBT modules efficiency
and reliability are limited by the stringent conditions that result
in exposure to high temperatures, high humidity levels, extreme
cyclic loading, and mechanical stress [6]. The most critical
component of the EV drive system is the electronic power
converter, which consists of electronic power devices, and
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controls the current frequency and amplitude between the
battery and the drive motor. The isolated gate bipolar transistor
(IGBT) modules were widely used among various control
electronic devices in the EV drive systems due to their high
power and high switching speed. The cost of IGBT modules in
the drive systems accounts for about 10 percent of the vehicle's
total cost; therefore, further work on the IGBT module's
reliability is necessary [7].

Insulated gate bipolar transistors (IGBTs) are highly
demanded in the generation of wind energy, high-speed rails,
and hybrid vehicles that require power semiconductor devices
with a large voltage range from 300 V to 6.5 kV and higher
current handling capacity than MOSFETs. [8]. In the early stage
of product development, IGBT reliability is usually assessed
through physical testing such as thermal / power cycling,
thermal/mechanical shock, and vibration are testing, although
test-analyze-fix cycles are expensive and time-consuming [9].
Physics-of-failure (PoF)-baseline assessment was widely
accepted during the design process as an easy and cost-effective
way to guarantee reliability [10]. The failure rate of the IGBT
modules in the traction application has been reported to have
fallen from 1000 FIT (time failures: number of failures in one
billion hours) in 1995 to 20 FIT in 2000 and only a few FITs in
recent years, due to continuous improvement [11]. Despite
widespread reliability Oimprovement efforts, power electronics
failures have been continuously observed. 31 percent of
respondents responded that power semiconductor devices are
the most fragile components in power electronic converters,
according to a recent industry-wide survey [12]. Although the
exact percentage of IGBT failure was not known, the survey
found that IGBTSs were the most commonly used devices (42%)
among power semiconductor devices followed by MOSFETSs
(27%), thyristors (14%), PiN diodes (10%), etc. IGBT module
failures are motor drive applications and high-speed railway
applications, respectively. There is a strong demand for further
improvement in the reliability of the IGBT modules for safety-
critical and mission-critical applications. Redundancy may not
be the best option in those applications [13].

EVs are the ultimate eco-cars that emit no CO2. Nearly all
manufacturers of automobiles are actively developing EVs and
some of them have been sold out. Also, the power of the EV
motors is now more than 100 kW. The inverters ' output power
which controls these motors also exceeds 100 kW [14]. To fit
inside the vehicle, the inverter in HEVs and EVs must be small
and must be highly flexible to extend the vehicle range. We
developed a high-power inverter for HEVs and EVs for these
requirements, using direct water and double-sided cooled
power module technology [15]. The currents of the insulated
gate bipolar transistors (IGBTs) used for the switching devices
are over 100 amperes because of this improvement in the
inverter performance. IGBTs have a trench gate structure
derived from a planar gate structure to allow lower on-state
voltage for on-state loss reduction. These high currents and the
IGBT trench gate structure increase the capacitance of the
IGBT inputs. Also, the high-speed load and the input
capacitance discharge is needed to reduce the loss of switching.
For automobiles, including HEVs and EVs, reliability is most
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important [16].

Earlier papers investigated high reliability, cost-
effectiveness, and heat dissipation efficiency management of
systems. The heat generated by high power IGBT will
eventually become the main challenge and will gradually
increase its scale, power, and heat amount. This raises the
workload in the inverter and creates a significant amount of heat
consumption. To overcome the problem, new technology needs
to be built to measure the heat usage and to reduce heat usage
in EV on IGBT inverters. Thus the work proposed a novel
controller to reduce the heat generation in insulated gate bipolar
transistor (IGBT) this improves the performance of the electric
vehicle.

The rest of this article is arranged accordingly. In section 2,
the Literature survey is presented in detail. Our proposed
amalgam illogical controller is characterized in subdivision 3.
Section 4 follows the result and the output of the proposed
work. Finally, the overall work is resolved in section 5.

II. LITERATURE SURVEY

Alladi Pranay Kumar et al [19] studied the model predictive
control (MPC) with constant switching frequency is proposed
for four-leg distribution static compensator (FL-DSTATCOM).
It, therefore, overwhelms the high frequency switching in
DSTATCOM. In this research, the three-dimensional
modulation of space vectors was introduced to achieve a user-
defined constant frequency switching MPC for FL-
DSTATCOM to avoid the shortcomings of conventional
variable frequency switching MPC. Moreover, FL-
DSTATCOM achieves balanced and sinusoidal sources,
despite unbalance and distortion to the load currents, via the
proposed control algorithm.

Ning An et al [18] Introduced a novel approach for
optimizing the Cauer-type thermal network model, taking into
account both the effect of temperature on parameter extraction
and the physical structure errors. The improved thermal Cauer-
type network modifies the convention model both in the
estimation of the temperature of the transient junction as well
as in the precision of the temperature of the steady-state
junction. Both modified models have remarkable effects that
indicate the excellent performance of the junction temperature
prediction. The kit of the IGBT must however be removed
during the calculation.

Bo-Ying Liu et al [19] identifying the open-circuit fault in an
IGBT in DC/AC inverter traction drive of an electric vehicle
analyzed and studied. The converter used was a type of voltage
inverter source that was used to power a PMSM motor. The
fault characteristics were analyzed and tested in static and
dynamic modes under various operating conditions. The
wavelet transform is used in the process of detection of faults
and characteristic extraction of the signal on the three-phase
current. This approach, therefore, includes a very complex
algorithm pattern which is not suitable for running on the
controller drives.

S.S. Moosavi et al [20] studied the open-circuit fault of IGBT
in an electric vehicle in dynamic conditions. The current and
wavelet transform in three steps are used to define the state of
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the system and to obtain the new waveform. To detect and
identify the faults, MLP Neural network algorithms, SVM,
SOM, and K-means are used. An analysis was made of the
different algorithms used in this article. In a total of 220 fault
cases, electric vehicles were tested and analyzed in 5 dynamics
and 5 static modes. The results demonstrate the recognition and
acknowledgment of all types of fault. This approach not
sufficient for highly constrained systems, in terms of
performances.

Huawei et al [21] dependent on the two-stress acceleration
synthesis setting of junction temperature and vibration, the
RUL of an IGBT module calculated. To measure the
logarithmic standard deviation and covariance matrix, the
maximum likelihood estimation (MLE) was used. To
investigate the degree of satisfaction of the RUL of the IGBT
module with the lognormal distribution, the Shapiro-Wilk (S-
W) test was performed. Recycled Weibull++ tools, the
accelerated life research datasets of the IGBT module were
evaluated. The findings of the study show that the IGBT
lifetime is verified for lognormal distribution and the
accelerated model complies with the generalized acceleration
principle of Eyring. The coefficient of thermal expansion of the
welding layer between the silicon chip and its associated
aluminum lead is however very different.

Yuan Zhu et al [22] built and modified thermal network
Foster dependent temperature sensor Negative Temperature
Coefficient (NTC). Although the thermal impedance fluctuates
marginally at various cooling flow speeds, the model can be
modified to various cooling conditions. With inverter
implementation under active-short-circuit and locked-rotor
modes, the proposed thermal model is checked and the
experimental performance shows good accuracy compared to
the measurement results of the infrared camera. However, due
to the rapid attenuation of peak current, the transient portion of
the active short circuit current becomes weak when IGBT
temperature rises to 90 C and the ASC mode enters the steady-
state phase.

[17] there is an unbalance and distortions in the load currents.
[18] The IGBT’s package must be removed during the
measuring. [19] Requires a very complex pattern of the
algorithm that is not suitable to run on the controller drives. [20]
Not sufficient for highly constrained systems, in terms of
performances. [21] coefficient of the welding layer between the
silicon chip and its connected aluminum lead is quite different.
[22] due to the rapid attenuation of peak current, the transient
component of active short circuit current becomes weak and the
ASC mode enters the steady-state process. Hence there is a
great need to develop a new technique to reduce the large
consumption of heat in EV inverter to overcome the issues in
IGBT.

III. PROPOSED METHODOLOGY FOR IGBT HEAT REDUCTION

Thus the motivation of this work is on focusing the
generation of heat in IGBT during the switching process and to
reduce the heat generated in the IGBT module in EV inverter.
The foremost existing techniques analyze the heat but do not
control the heat production in the IGBT module, also high heat
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density failing components. Furthermore, the IGBT is complex
to excessive voltage and excessive temperature therefore the
current and voltage harmonics in the inverter is needed to be
reduced for the productive working of the motor. Existing
methods use filters that shrink the harmonics only to a particular
level. Besides, an individual Petrol Particulate Filter (PPF) is
suitable only to reduce pollution, where the harmonics are high
enough to be eliminated. Finally, the switching frequency has a
direct impact on the generation of heat in IGBT. There are some
random PWM and SVM techniques, used with switching
frequency which is not fixed, which makes the voltage and
current spectrum spread over a wide range of frequencies.
Secondly, the control frequency is less than the average
switching frequency which does not suit the efficient
functioning of the motor. Therefore, to reduce enormous heat
generation in IGBT a novel technique is introduced for the
electric vehicle. The block diagram of the proposed work is

shown in Figure 1.
Supremacy Harm
checker
Reduce Switching
frequency

PMSM

Seamless

Genuine

Adaptive
Filter

Buck
Boost
Converter

Amalgam Illogical controller
Amended
moth system

Fig. 1 - Block Diagram of Proposed work

IGBT
Module

Reduce heat
generation in
IGBT

In Figure 1, initially, the power from the battery is boosted
up using the Buck-Boost Converter which is a DC-DC
Converter. The output from the Buck-Boost converter is
injected into an inverter where IGBT is a very popular
semiconductor that combines the voltage characteristics of
bipolar junction transistors such as low conduction losses, and
high input impedance with the Insulate gate of a MOSFET. Due
to the overload of work in inverter the Insulated Gate Bipolar
Transistor (IGBT) module, produce large consumption of heat.
Thus the work introduced a controller for the inverter, it
controls the heat production in IGBT with an increase in the
parameters of the Amended Moth System then the harmonics
are suppressed by a seamless genuine adaptive filter technique
using the back-EMF method it also reduces position error.
Finally, the switching frequency in the motor drive has been
reduced by integrating the supremacy harm checker.
Eventually, the reduced switching frequency helps to decrease
heat production in IGBT. The overall process of the proposed
work is explained below.

A. Amalgam lIllogical Controller

Amalgam Illogical Controller is used in the IGBT module to
analyze and monitor heat production. PD component is used to
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mitigate the steady-state error, and to maintain the system's
damping and speed characteristics. Nevertheless, the steady-
state error cannot be eliminated; hence, the second stage uses a
PI controller and the overall controller is known as the illogical
Amalgam controller. This controller retains the functionality of
both a Fuzzy Logic Controller (FLC) and a PID by eliminating
the error on the steady-state. The controller will be able to
handle nonlinearity and provide a quick response due to PD
control and adequate stable PI output.

Proportional Derivative

K1
e
Input
Scaling factor FLC Lo oy
— D | > ‘ &
du/dt P J
K2

Proportional Integral

\
L
|
v Output

Derivative

du/dt W

Fig. 2 - Configuration of the Amalgam Illogical Controller

Error and its derivative are the controller inputs. The
amended Moth System is to optimize the controller parameters
on-state current, service cycle, and direct current bus voltage.
For FLC, triangular membership functions are known to be
negative huge, zero and positive big for input/output with three
linguistic groups and Xoutput denotes the output of FLC. The
controller output is the power system's reference power supply.
The amalgam illogical controller describes itself as

K1
TFuc = Xoureur * (KPI + SKD)+(KP2 +7j
3 M

Thus it analyzes the steady-state error and the nonlinearity in
the Insulated gate bipolar transistor (IGBT) module with the
controller. The heat produced in the IGBT module will be
reduced using the amended moth system which is stated below.

a. Amended Moth System

The proposed amended moth system is used to fine-tune the
Amalgam Illogical Controller for IGBT module heat reduction
in electric vehicles. This controller is used in all subsystems that
are present in the power system. It results in a simple system,
minimal maintenance demand, with less controllable variables.
On each subsystem, the rate limiters are given to make required
changes to the control signal following an individual
subsystem's electromechanical behaviors.

The schematic diagram of the proposed work is shown in
Fig.1, where an SG adaptive filter position observer is used to
suppress the harmonics found in the back-EMF. The position of
the rotor is calculated using the traditional extended PMSM
back-EMF model as described below.

B. Seamless Genuine Adaptive Filter

Seamless Genuine Adaptive Filter is employed to detect and
suppress the harmonics in the estimated back-EMF,
consequently reducing the harmonic position error in the
estimated rotor position.

a. Harmonics in the Back-EMF Caused by Inverter

Due to the nonlinearity of the inverter, a voltage difference
is introduced between the reference and the actual value, which
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will cause the harmonics in the stator currents to be skewed by
the stator current. The harmonic components in the predicted
back-EMF will reduce the precision of the estimate and the
output of a PMSM drive deteriorates. An effective method for
detecting harmonics is the Seamless Genuine (SG) adaptive
filter, which has been commonly used in signal enhancements.
By updating the filter coefficients online using the SG adaptive
algorithm, the SG filter can adaptively track harmonics in the
estimated back-EMF, and the detected harmonics can be
filtered out to obtain the fundamental component of the
estimated back-EMF.

b. Position Estimation Error Suppression

Seamless Genuine Adaptive Filter is proposed and
incorporated into a sliding position observer mode to remove
the dominant harmonic components in the estimated back-
EMF, thereby greatly improving the precision of the estimated
rotor position. A unique feature of the adaptive SG filter is its
ability to control and suppress the harmonics under different
stable conditions and complex operating conditions. It also
balances harmonic ripples caused at the same time by the
nonlinearity of the inverter and spatial harmonics of the unit.

SG Adaptive
algorithm

|

Fig. 3 - Structure of harmonic detection and suppression by using an adaptive
filter based on the SG adaptive algorithm.

Figure 3 provides the BRLS adaptive filter's design block
diagram for the detection and suppression of harmonics. D (k)
refers to the original signal, consisting of the simple signal f (k)
and the harmonic signal h (k). X (k) refers to the input signal
associated with the harmonic high-order components. The
output signal Y (k) of the filter can be obtained by iterative
computation employing the input signal X (k) interpreted by the
BRLS adaptive algorithm. The output signal Y (k) can control
the real, high-order harmonic components h(k) after the
adaptive filter converges. Then you can obtain the desired
fundamental component f(k) by subtracting Y(k) from d(k),
namely the error signal e(k). Since adaptive filter coefficients
can be modified by BRLS adaptive algorithm, the output signal
Y(k) can be adapted to achieve a robust harmonic filtering
performance following the change of the harmonic
components. It also reduces the frequency and delay of
computation. Additionally, the BRLS adaptive filter has better
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accuracy of estimation by adding Y (k) and e (k) as input signals
within the adaptive system.

These signals will be used in the irrelevant (k) vector of
harmonic information. While to improve the filtering efficiency
of the Seamless Genuine adaptive filter, the output signal Y (k)
is also introduced into the e(k). You can obtain the harmonic

information vector ¢ (k) by:
k) =X (kD) Y (k=1) X () (k1] @
The desired fundamental component in the estimated back-
EMF can be derived directly from the error signal e (k), which
is obtained by subtracting the output Eof from the original
signal Eoriginal is expressed as follows:

e(k): Eof _Y(k) (3)

Thus the harmonics are detected and suppressed then the
harmonics removed voltage and current helps to efficient motor
performance. To reduce switching frequency in motor drive, the
following technique is used and it is depicted as follows.

C. Supremacy Harm Checker

Supremacy Harm Checker helps to cut the Permanent
Magnet Synchronous Motor (PMSM) switching frequency. To
rising the switching frequency using one active voltage vector
normally selected from the cost function, and to force the
engine to pick the zero voltage vectors in the next switching
series. Through this process, the motor is forced to respectively
choose active and zero voltage vectors. So the switching
frequency variance will diminish.

Each switching series predicts all possible states under
certain conditions in the conventional method. Therefore, it is
not certain that the switching state shifts in every series of
switches, and therefore the switching frequency is not constant.
This means one voltage vector may be chosen for two or more
switching sequences, or it may adjust at each control interval. It
can be inferred that the explanation for variable switching
frequency is the evaluation at each switching interval of all
possible candidates.

—> >

Active Active Active Active Active

state state state state state

Zero
state

Zero
state

Zero Zero

| state | state

[

Insert zero
state voltage

;

Supremacy Harm Checker

Fig. 4 - Reduce Switching Frequency using Supremacy Harm Checker
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The idea of the proposed dominance harm checker is to use
one active voltage vector which is usually selected from cost
function and force the controller to pick the zero voltage vectors
in the next sequence of switching shown in Figure 4. By this
process, the inverter is obliged to choose both active and
negative voltage vectors. So the switching frequency variance
will diminish. The only difference is that the cost function for
six active voltage vectors is calculated in the proposed method
and, after selecting an optimal voltage vector, it is forced to
choose zero voltage vectors for the next switching sequence
and, as a result, there is no need to determine the optimal
voltage vector at that time.

Stop

Fig. 5 - Flowchart of Supremacy Harm Checker

Figure 5 gives the flowchart of the proposed supremacy harm
checker. In this flowchart for the initialization process, the
number of voltage vector defines i=0 is assumed if it is zero
then directly it goes to the voltage insertion process. If it is not
zero then measure the current, voltage, and angle. If the value
of i less than the no of voltage condition satisfied it calculate
the control variable. Then find the minimum control variable
after inserting the voltage vector in a particular position. If the
condition is not satisfied it repeats the process to find the
minimum of the control variable. Finally, the process
alternatively adds the voltage vector and reduces the switching
frequency. The voltage with reduced switching frequency will
minimize the heat generated in the IGBT module.

Thus, our proposed controller, named amalgam illogical
controller, reduces the heat generation in IGBT with the
modified moth system from the research work. In comparison,
the unnecessary voltage and current in the harmonics are
significantly reduced by the genuine seamless adaptive. The
frequency of electric motor switching has a direct effect on the
output of heat in IGBT, accordingly resolving the supremacy
harm checker.

IV. RESULT AND DISCUSSION

This section effectively describes the efficiency of our
proposed work by analyzing the reduction of heat in IGBT and
the output current and voltage for the IGBT and the filter. Also
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comparing the obtained experimental results with the
conventional Approaches for harmonics and switching
frequency comparison.
A System Specification
The proposed system has been implemented in

MATLAB/SIMULINK to demonstrate competent power
utility. The system specifications are;

Platform | MATLAB 2018b
0OS Windows 7
Processor Intel core i5
RAM 8GB RAM

B. Simulation Results

Amalgam illogical controller to reduce large consumption of
heat production in IGBT using Amended Moth System are
shown below figures and also the simulated representation of
each parameter in the simulation has been deliberated
following,

Buck-Boost Converter

5
i}

=
L0

=

Fig. 6 - Simulink Diagram

Figure 6 states the overall Simulink design of the proposed
heat reduced insulated gate bipolar transmission (IGBT)
module in the electric vehicle inverters.

C. Performance Analysis

Amalgam Illogical Controller optimized the amended moth
system it utilizes some parameters such as DC bus voltage, duty
cycle, and on-state current. These parameters are enhanced
which helps to reduce IGBT heat electric vehicles inverter.

Voltage

Fig. 7 - Direct current bus voltage

Figure 7 states the simulation of direct power control is
presented for an IGBT application. The proposed Amalgam
illogical controller has good regulation of DC-bus voltage
which is achieved using the amended moth system. The direct
current bus voltage contains low-order harmonics.

E-ISSN: 1998-0159

72

Volume 16, 2022

Dty Cycle
T

I
0.996
Timelse)

0.992

Fig. 8 - Duty Cycle

0.993 0.994 0.995 0.997

Figure 8 states the proposed simulation results duty cycle in
IGBT on for 100% of the time in a runtime environment with
the proposed controller. Amalgam illogical controller with an
amended moth system manages to overheat of the IGBT to a
100% compatible duty cycle.

Timesec)

Fig. 9 - On-state current

Figure 9 states on state current this is another parameter for
amended moth system to evaluate the heat generation in IGBT.
Current flows through the device in its “ON” state is very much
smaller in the IGBT the current ratings on average is 200 with
time in one second.

Heat Reduction

Heat(W/(m>K))

40

20

0 02 04 0.6 08 1

Time(sec)

12

Fig. 10 - Heat reduction in IGBT

Figure 10 states the heat reduction in the IGBT module with
amalgam illogical controller which optimized amended moth
system, here the heat 170 reduced in the range of 20 (W/ (m2
K)) in terms of time per second.

Current
T

|

| | | |

Timelsec)
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Fig. 11 - Output current of IGBT

Figure 11 states the three-phase output current of IGBT after
the reduction of heat using an amended moth system
empowered amalgam illogical controller. The current
calculated the minimum average output current of the driver
output within 0.5 seconds.

Voltage
T

Volume 16, 2022

Fig. 14 - Harmonic Suppression

Figure 14 states the harmonic suppressed bar graph in terms
of frequency. In this Fast Fourier, the Transform window
incorporates 1 to 60 cycles of the selected signal. Total
harmonic distortion is 0.27% with the fundamental magnitudes
is of 60 Hz.

10 | '
! |;\]
S IR R IR

ARARRLARN
N L e il i i i

Voltage(V)

Fig. 12- Output Voltage of IGBT

Figure 12 states the output voltage of IGBT after the
reduction of heat using an amended moth system empowered
amalgam illogical controller. The electric drive is almost
independent of temperature but strongly voltage-dependent,
and as such is a function of the voltage (V) of the IGBTs.

Electro Motive Force

Frequency(Hz)

Fig. 13 - Electromotive Force

Figure 13 gives the experimental results of the approximate
EMF by a seamless genuine adaptive filter technique which
results at a frequency of 10 H. The root-mean-square (RMS)
voltage of a sinusoidal source of electromotive force (Vrms) is
used to characterize the source. The frequency of Vrms is
equivalent, 4V0 thus the alternating current of 10-hertz, 4.5-
volt.

FFT window: 1 0f 60 cycles of selected signal

a8
Tine (s)

Fundamental (60Hz) = 3728 , THD= 0.27%

A lll-.-.-_-_____

Mag (% of Fundamental)

Froquency (Hz)
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005 025

Timetsee)

Fig. 15 - Harmonics reduced current from the filter

Figure 15 states the harmonics reduced output in three-phase
current within the time from 0.05 to 0.45 sec. With the seamless
genuine adapter filter, the proposed approach will efficiently
track the load change and substantially reduce harmonic ripples.

x10* v

‘& | “ ’ “}i‘

AMAMNA
02 025
Timesec)

Voltage(V)

005 045

Fig. 16 - Harmonics reduced voltage from the filter

Figure 16 states the harmonics reduced output voltage within
the time from 0.05 to 0.45 sec. Harmonic is the voltage or
current that is at all of the system's specific frequencies or
intervals. The proposed solution could control the load
transition effectively and minimize dramatically the harmonic

ripples with a seamless genuine adapter filter.
Speed
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600 1= { ! 4

500 [ i - 1
T 400
o
o
% 300

100 |

|
|
200 i
|
|

0.4 0.8 1

Time(sec)

0.2
Fig. 17 - Speed of PMSM motor

Figure 17 states the speed of the Permanent Magnet
Synchronous Motor (PMSM) in the electric drive utilizing time
per second. The proposed insulated gate bipolar transistor in an
electric vehicle is carried out with the 700 m/s speed within the
time interval of O to 1 sec.



INTERNATIONAL JOURNAL OF MATHEMATICS AND COMPUTERS IN SIMULATION

DOI: 10.46300/9102.2022.16.11

Switching Frequency
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Fig. 18 - Reduced Switching Frequency

Figure 18 states the reduced switching frequency in
permanent magnet Synchronous motor by using a supremacy
harm checker. The switching frequency of IGBT is highly
reduced from 400 Hz to 5 Hz in terms of allowable ripple.

D. Comparison Results

The suggested work has been compared with previously
existing approaches for harmonics such as Active stunt power
filter, LCL filter, and single tuned filter. And for switching
frequency such as model predictive control method to reduce
the common-mode voltage (MPC-RCMYV), Variable Switching
frequency pulse width modulation (VSF-PWM), and Random
Pulse width modulation (PWM).

- Total Harmonic Distortion

[ Proposed
[ AsPF

| |E==Lc
N STF

Lom
Techniques
Fig. 19 - Total Harmonic Distortion Comparison

Figure 19 states the comparison for exiting filter in terms of
total harmonic distortion in current and voltage the existing
approaches such as Active stunt power filter (ASPF), LCL
filter, and single tuned filter (STF). From the above
observation, it is depicted that the total harmonic distortion for
the single tuned filter (STF) [22] is of 3.3%, compared with this
the LCL methodology is slightly reduced by 2.5%, then the
technique of active stunt power filter (ASPF) the obtained value
is 0.5% and finally the proposed filter which overpowers all the
above filter with reduced harmonic distortion of 0.3%. Thus the
proposed filter achieves highly reduced total harmonic
distortions with the existing techniques.
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Figure 20 states the comparison switching frequency in
motor with the existing techniques such as model predictive
control method (MPC) [19], Variable Switching frequency
(VSF), and Random Pulse width modulation (PWM). Thus is
highly reduces the heat in IGBT using the controller as well as
reduces the production of the harmonics in current and voltage.
Similarly reducing switching frequency, the IGBT heat
production is slightly decreased.

V. CONCLUSION

Power electronics is one of the current subjects of electrical
engineering which has seen a lot of advancements in recent
times and has impacted human life in almost every sphere. Due
to the overload of work in the inverter, the Insulated Gate
Bipolar Transistor (IGBT) module produces a large
consumption of heat. To reduce enormous heat generation in
IGBT an amalgam illogical controller is proposed to reduce
steady-state and nonlinearity problems and enhance the
parameters using an amended moth system to control the heat
production in IGBT. Then harmonics generated in current and
voltage gets reduced by a seamless genuine adaptive filter for
efficient motor performance. Finally, voltage and current with
reduced harmonics of 0.27% support the efficient working of
the motor in which the switching frequency has reduced by
supremacy harm Checker. Voltage with reduced switching
frequency will minimize the heat generated in the IGBT
module. Hence it has effective outcomes when compared to the
previous methods and reduces the heat in the IGBT module to
drive an electric vehicle. The proposed approach significantly
reduced heat generation in electric drives of the isolated gate
bipolar transistor (IGBT) with the controller, which further
reduced switching frequencies and harmonic distortions
substantially to assist electric vehicles to function effectively.
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