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Simulation and Hardware implementation of Novel Controller in
dectric vehicle applications to improve system efficiency

Abstract. Control techniques were essential to use converters to get the desired power and performance in electric vehicles' propulsion systems. To
obtain a quicker transient response than that of other existing controllers, a novel controller DC-DC boost converter with Adaptive Neuro-Fuzzy rules
that feds BLDCM (Brush Less Direct Current Motor) simulated and hardware designed to be robust and to have a steady-state response in electric
propulsion of electric vehicles has been simulated and hardware implementation also done in this work. The MOSFET (Metal-Oxide-Semiconductor
Fed-Effect Transistor) used in the proposed controller acts like a switch to determine operational mode. The proposed controllers’ performance
analysis was carried out with that of output voltage, components and number of switches used, electromagnetic torque, reliability,and system cost.
The converter output voltage is controlled by the proposed ANF-SM controller as per the required speed in EV. As per the results with simulation and
hardware implementation waveform results, the results of simulation and hardware implementation inferred that the proposed controller functions
well with input and under different loaded conditions when compared to other traditional controllers. In a comparative analysis,the proposed non-linear
boost converter was better than that of other existing controllers. It can be concluded that non-linear control with DC-DC boost-converters fed with
the BLDC motor was more suitable for electric propulsion of electric vehicles.

Streszczenie. Techniki sterowania byly niezbedne do wykorzystania przetwornic w celu uzyskania pozgdanej mocy i wydajno$ci w uktadach
napedowych pojazdéw elektrycznych. Aby uzyskac szybszg reakcje na stany przejsciowe niz w przypadku innych istniejgcych sterownikéw,
zastosowano nowatorski konwerter podwyzszajgcy DC-DC sterownika z adaptacyjnymi regutami Neuro-Fuzzy ktéry zasila symulacje BLDCM (brush
less direct current motor) oraz sprzet zaprojektowany tak, aby byt solidny i zapewniat stata reakcje w napedzie elektrycznym pojazdéw
elektrycznych, a w ramach tej pracy przeprowadzono réwniez implementacje sprzetu. MOSFET (tranzystor z efektem metalowo-tlenkowo-
poiprzewodnikowym) zastosowany w proponowanym sterowniku dziata jak przetgcznik okreslajacy tryb pracy. Analize wydajno$ci proponowanych
sterownikéw przeprowadzono z uwzglednieniem napiecia wyj$ciowego, komponentéw i liczby zastosowanych przetgcznikéw, momentu
elektromagnetycznego, niezawodno$ci i kosztu systemu. Napiecie wyj$ciowe przetwornicy jest kontrolowane przez proponowany sterownik ANF-SM
w zalezno$ci od wymaganej predko$ci w EV. Zgodnie z wynikami symulacji i wynikami przebiegéw implementacji sprzetu, z wynikéw symulacji i
implementacji sprzetu wynika, Zze proponowany sterownik dziata dobrze z wejsciem i przy réznych warunkach obcigzenia w poréwnaniu z innymi
tradycyjnymi sterownikami. W analizie poréwnawczej zaproponowany nieliniowy konwerter podwyzszajgcy okazat sie lepszy od innych istniejgcych
sterownikéw. Mozna stwierdzi¢, ze w przypadku elektrycznego napedu pojazdéw elektrycznych bardziej odpowiednie byto sterowanie nieliniowe za
pomocg przetwornic podwyzszajgcych napiecie DC-DC zasilanych silnikiem BLDC. (Symulacja i implementacja sprzetowa nowatorskiego
sterownika w zastosowaniach pojazdéw elektrycznych w celu poprawy wydajnos$ci systemu)

Keywords: Full bridge DC-DC boost-converter, PMBLDCM motor, ANF-SMC controller, MOSFET switch, non-linear boost-converter.
Stowa kluczowe: Petnomostkowy konwerter podwyzszajgcy DC-DC, silnik PMBLDCM, kontroler ANF-SMC, przetgcznik MOSFET,:

1. Introduction higher efficiency motor driving system with the usage of the
In the transportation zone natural resources lead to the  additional boost converter. With the usage of conventional
design, implementation, and comparative analysis of  boost converters energy won't transfer to charge the battery.
alternative electrical propulsion of electric and hybrid In medium and high-power vehicles non-isolated DC- DC
electric vehicles [1 to 4], global research carried out on  converters were used due to their simpler architecture and
energy efficiency in EVs for complete replacement of accessible control strategy. If the DC Voltage gain is < 4%
conventional IC engines. In the development of EVs much  (boost, buck-boost, Cuk, and SEPIC converters) these four
concentrated on the design of converters, batteries, and  converts were available, them boost DC-DC converter (BC)
power electronics for minimizing cost Implementation of the  mostly employed power converter SMPS as step-up the
best power control strategy is essential to solve major input voltage, in the case of step-down the current posses
problems and to increase the performance and better at least one energy storage element with a diode and a
driving style of electric vehicles, the motor should be  switch as shown in “Fig. 1”. BC has many advantages such
efficient and lightweight weight [5] with an advanced cooling  as moderate output voltage (< 4%) can be obtained, the
system. Power flow regulated in electric propulsion using a  switch can be driven easily, filtering can be done easily,
hybrid energy storage system proposed in [6], for increasing  continuous input current and at fool load moderate
efficiency of power train with ultra-efficient energy system efficiency can be obtained. The limitations of this converter
proposed in [7], usage of polyphase motors for improving  are not suitable for high voltage gains (>4%) and weight
reliability proposed in [8], dual motor coupling system to  moderately heavy.
improve the efficiency proposed in [9], to improve range of
vehicle BLDCM with dual stator and rotor winding proposed
in [10]. This proposed system simulation with hardware - <+
implementation in an electric propulsion subsystem for cost- ' » Y
effectiveness and improved vehicle efficiency, is used where +
electrical isolation is required and for high power |~D
transmission. DC-DC boost converter converts DC power G—“l
(200V-800V) from high voltage battery to lower voltages ;
(48V to 12V) for head and interior lights, wipers, window N ELBCTaC
motors, fans, pumps, and other elementsin the EV, whereas 4§
buck-boost and Cuk converters were used for both 2 G
purposes. In electric vehicles, less current is required when
the voltage is higher. [11 — 14] proposed how to achieve a  Fig 1 Design description of used (BC) converter
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Two working modes of BC, which are switched ON and
OFF modes, in the case of switched-on mode the gate will
be active

The current will flow with the inductor, energy stored
with the generation of the magnetic field, as in the second
mode gate is inactive and current flows through the load.
Equations used in two modes were described as follows:
The equation used in mode1 (switched on mode):

(1) V(inputy— L(A/ton) = 0
The equation used in mode2 (switched off mode):
(2) V(input) - V(out) =L (A/tOf f) -------------------

(3) Vc= %fotonicdt+ Ve (t = 0)

Considering average capacitor current during on time
as lo,
derived the final equation for L and C as:
_ (1-D)XVout

(4) " fsw X Allmax
(5) c D X Iout

~ fsw X AVout

And duty cycle calculated as
(6) D=1—(Vin/ Vou)

In this proposed work converter with a non-linear
controller is used for driving a PMBLDC motor. For smooth
dandling in case of heavy loads and with higher torques, the
size of the EV motor will depend on rolling speed,
aerodynamic drag, hill climbing, and acceleration rolling
resistance, the proposed linear mechanism in [15],
proposed non-linear controllers in [16] and performances of
both types of converters implemented in [17].
Implementation of real-time DC-DC converter for prototype
development with low-power rating referred to in [18]. The
work consists of six sections, which introduction and
literature survey, a design description of the converter is
covered in section 1, a design and simulation description of
the proposed system and its sub-system, and a BLDC
motor description, in section 2. Section 3 is an architectural
description of the two types of controllers, and results
obtained with simulation implementation and discussion. In
section 4 Hardware setup, implementation, and its results
are discussed. Section 5 Conclusion, and future work were

presented.
REFERENCE DC
ANIFIS L ERROR BUS VOLTAGE
CONTROLLER
. MEASURED
DUTY CYCLE VOLTAGE
hJ ___\
INPUT - _{-/mmwc \‘I
VOLTAGE _ \ Qmif.m/

BOOST CONVERTER

Fig. 2 Design Description of used Converter with proposed control
strategy in the system

2. Design Description and Simulating the proposed
system and its sub-system
2.1 Design Description of used Converter with Control
Strategies

Fig. 2” describes the used system consisting of three
main components DC input, used converter, and the
PMBLDC motor with a non-linear control strategy as shown.
The proposed system will control output voltage results with
the used converter as in the case of input voltage variations
or changes in the load based on time. The used converter
takes the voltage of input from the direct current and duty
cycle from the proposed non-linear control strategy and
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gives the output to the used PMBLDC motor. In the case of
motor operation, it is very important to maintain a constant
input voltage indriving the PMBLDC motor. "Table 1", used
the design parameters that were described.

Table 1 Describing used Design Parameters

Used Non-linear Converter I/P voltage 9.000 V

Full bridge DC-DC boost converter voltage 12.000 V

O/P Power in watts 12.000 W

Rating of PMBLDC motor 12.000 V, 3K RPM
Frequency in Kelo hearts 25.000 KHz

% of duty cycle 25.000

Fig. 3.1 Description of Proposed System Simulation Model
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Fig. 3.2 Description of Proposed System’s sub-system Diagram Hall
effect and its truth table
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Fig. 3.3 Description of Proposed System’s Diagram and sub-system
decoder and its truth table

2. 2 Design Description of Simulation Model of the
proposed system and its subsystems

The design description and its subsystem are in “Fig. 3”.
The proposed system is described in “Fig. 3.1” which has
an inverter that converts AC to DC, which will be input to
the system from which it will go to the BLDC motor, it will
also consist of Gates and Decoder. From this, the output
will be displayed in four scopes, in which scope1 displays
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the stator current and stator back EMF, scope2 and scope4
display the rotor speed, and scope3 displays the

electromagnetic torque.

L "

Fig. 3.4 Description of Proposed Simulation Model of Fuzzy Fuzzy
System

Fig. 3 Design Description of Simulation Model of the
proposed system and its subsystems

“Fig. 3.2” describes the proposed subsystem’s Hall
effect and its truth table with the values of ha, hb, and hc
and their emf-a, emf-b, and emf-c values. In “Fig. 3.3” the
subsystem's decoder and its truth table with values of emf-a
to emf-c values from “Fig. 3.2” and values of Q1 to Q6 were
shown. “Fig. 3.4” describes the proposed system simulation
diagram with the Fuzzy subsystem which has two input
signals, the MATLAB function subsystem and the
controllers used in the proposed system. “Fig. 3.5,
describes the fuzzy sub-system of the proposed model
which has two signal inputs one signal output will be input
to the voltage filter, its output will be Vn, and another signal
output acts as input of the current filter In. The final output
values Vn-Vb, and In-Ib act as input to the Fuzzy sub-
system. In “Fig. 3.6”, the description of the proposed fuzzy
sub-system ANFIS model structure with two inputs (Tmin
and Tmax) each input will have three membership

Table 2 Description of the used Workspace Details

functions, and each membership function with three fuzzy
rules and overall, with only 9 fuzzy rules were used in the
proposed system.
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Fig. 3.5 Description of Simulation Model of the Proposed Fuzzy sub-
system Diagram
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Fig. 3.6 Description of Simulation Model Diagram of the Proposed
Fuzzy sub-system ANFIS Model Structure Diagram

Dec Value Description Value Description Value

Alpha 0.08699800 Beta -0.369010000000000 Data 1000x3 double

G 9.91306921184190e+02 Gmax 1000 Gmin 0

Gs 1000 i 1000 IMP 1x1000 double
IMPS 8.150000000000000 Input 1000x2 double ISCS 8.660000000000000
OoP 1000x1 double OP1 1000x1 double Qutput2 1000x1 double

PMP 1x1000 double T 18.001934453252670 Tmax 35

Tmin 15 Ts 25 VMP 1x1000 double
VMPS 30.70000000000000 VOCS 37.300000000000000 | =-mmmeeem | mmememmeeeeeees

2.3 Steps in Neuro-Fuzzy Designer

Step1: Load Dataset

Step2: Generate FIS

Step3: Train FIS keeping Error Tolerance as 0 and Epochs
as 10 to 100

Step4: Test FIS

Step5: Export and Execute File

Step6: Find Rotor Speed, Electromagnetic Force,
Electromagnetic Torque and Stator Current Results
Table 2” describes the workspace details and their values
used in the proposed ANF-SMC controller.

2.4 Steps Involved in Adaptive Neuro-Fuzzy Algorithm
Step 1: Initialize the values of ISCS, IMPS, VOCS, VMPS,
alpha, beta, Gs, and Ts.

Step2: Repeat the process for values of i=1 to 1000 with

the following steps

2.1 Initialize Tmin, and Tmax values and calculate

Temperature T = (Tmax-Tmin)*rand + Tmin

2.2 Initialize Gmin, and Gmax values and calculate

Irradiance G = (Gmax-Gmin)*rand+ Gmin

2.3 Calculate maximum current, voltage, and power as
Follows

IMP() =IMPS* {GIGsE(1+(alpha® (T-Ts)})

VMP{)=VMPS+(beta™(T-Ts))

P P{i}=VMP{1}*IMF’[1]||

2.4 Compute input based on irradiance (G) and
temperature (T) values.

2.5 Compute output (VMP), (IMP), (PMP) and data (G T
VMP)
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Fig. 4 Used PMBLDC motor Description

2.5 PMBLDC motor block diagram and mathematical
descriptio

In “Fig. 4" a description of the PMBLDC motor was
done, in which set input and control signals were
represented with dotted lines whereas output signals were
represented with thick lines from the controller. Inthis block
diagram, various units such as EVs, motors and drives,
batteries, and controllers were represented. The motor is
driven to the battery controller unit when an input signal is
sent from the electric vehicle to the PMBLDC motor. The
processed output signals will be sent from the battery and
controller to the motor drive, from there to the PMBLDC
motor and electric vehicle. The mathematical model of the
PMBLDC motor is described as

The phase voltage of PMELDCMs is represented as

Applied Phase Voltage (V) = Resistance of stator (R)* Current
of phase (I) + inductance (S) + torgue (T) + Current of phase
(I} + Voltage of Back EMF {E) ———- (1)

Applied Phase Voltage (V) = [VaVul]
Resistance of stator (R) = digglR]
Current of phase (1) = [lll]” and
The voltage of Back EMF (E) = [E.E.E.]" of PMBLDCM motor
The Matrix Inductance will be represented as shown below.
e=
SIQL) — MI(M) o ]
(] SI(L) — MI(M) 1] vor e anea (2]
o i} S[(L)— MIMD

Where 3l (L) and MI (M) are self and mutual inductance of
PMELDCM motor.

The Elecire Magnetic Torgue (EMT) of PMELDCMs is
represented as

Bt = TR e v s o en e e (3]
eml = Inau=% + W (“l':|

Subscriptions can speed of the rotor (w,, , is calculated from
equation (4}

Ciy= j' 'l..'lnI_TIu:-\.'_I'-'Irum . (5)
Currently, the stator windings are shown as
sinfw t+ o)
Ia s E1'r‘|I
I, [ = st lgmrt ta= 7/ Imas ()
I

sin I:r.urt +a+ d—:T\|-

“Table 3" describes the used PMBLDC motor parameters
and their specified values.
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3.0 Architectural Description of used linear and non-
linear Controllers

As the battery-operated devices in electric vehicles were
increasing, demand for the usage of non-linear full bridge
DC-DC boost converters increased. The proposed
converter operated with a linear (PID), the ANF-SMC
controller, and results were compared to perform
comparative analysis

Table 3 The PMBLDC motor parameters used description

Description of the PMBLDC Motor used IThe Parameters

design parameters \values
Rating of power parameters 8.000 W
Rating of voltage 12.000 V
Resistance of Armature 1.550 Q
Inductance of Armature 0.005 H

Inertia 2.215x1075 kg m?

IValue of Viscus Friction constant 2.913x1 0-6 N.m.s.

1.800 Nm/A, 1.800
\V/rpm

'Torque and Voltage Constant Values

IValue of Friction Torque 0.100

3.1. PID Linear Controller Architectural Description

In “Fig. 5”, the simulation diagram of the linear PID
controller is represented with constant parameters by
employing the advantage of systems with non-linear
differential equations as represented.
Equations related to PID control

Fo— [ Ceteddy=as
o

1

= ;
[Cl (rr i rrﬂ‘) o C;!(Mp—M'Pd_}-I-c:,(ts—tsd)+c4[ess—e:sd_)]
1
fs = -7 —F
[A —e—B)(M, —e55) + € (ts — ]
— P K,elt) —
- 3
-Scipoim+ Emor | Kl]'c(r)dr "(E Process [-Output—»
2 [

e

Fig. 5 PID Control Simulation Diagram

3.2. The ANF-SMC non-linear Controller Architectural
Description

By using the proposed controller with a PMBLDC
motor limitations in existing non-linear controllers can be
overcome. Designing and implementation of the system and
its sub-system using the MATLAB/Simulink R2020b tool
along with the Takagi Sugano kit were represented in "Fig
3" and fuzzy rules of e/e' were described in "Table 4" and
the truth table in "Table 5".
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Table 4. Description of used Fuzzy rules with The Proposed ANF-SMC Controller of e/e’

ele' inp2 inp2 inp2 inp2 inp2
mf1 mf2 mf3 mf4 mf5
inp1 oup1 oup1 oup1 oup1 oup1
mf1 mf1 mf2 mf3 mf4 mf5
inp1 oup1 oup1 oup1 oup1 oup1
mf2 mf6 mf7 mf8 mf9 mf10
inp1 oup1 oup1 oup1 oup1 oup1
mf3 mf11 mf12 mf13 mf14 mf15
inp1 oup1 oup1 oup1 oup1 oup1
mf4 mf16 mf17 mf18 mf19 mf20
inp1 oup1 oup1 oup1 oup1 oup1
mf5 mf21 mf22 mf23 mf24 mf25
Table 5. Description of Truth Table used in the proposed model
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 1.00 0.00 -1.00 +1.00
0.00 1.00 0.00 -1.00 +1.00 0.00
0.00 1.00 1.00 -1.00 0.00 +1.00
1.00 0.00 0.00 +1.00 0.00 -1.00
1.00 0.00 1.00 +1.00 -1.00 0.00
1.00 1.00 0.00 0.00 +1.00 -1.00
1.00 1.00 1.00 0.00 0.00 0.00
speed in RPM. Speed within 1 second varied from 0 to
(a) Results with linear PID Controller 2800 RPM, later it remained constant up to ten secs. On
prove a observation of the obtained results, it can be inferred that in
S ——— attaining constant speed the proposed controller takes very
sl little time when compared to other existing controllers.
“ (@) Results with linear PID Controller
ol Ehectromagrats Torue (N)
o
(b) Results with on-linear ANF-SMC Controller

Fig. 6 Simulation results of Speed with linear PID and non-linear
(ANF-SMC) using DC-DC converter with PMBLDC motor

3.3 Description of results obtained by the proposed
controller
3.3.1 Obtained Results and Discussion of Speed using
non-linear (ANF-SMC) Controller with DC-DC converter
Simulation results with the PID controller are shown in
“Fig 6(a)” by taking execution time (secs) on the X-axis and
the Y-axis the speed in RPM. Speed within 1 second varied
from 0 to 3500 RPM, up to 2 secs speed of 3.5 K RPM
maintained, later it reduces from 3500 to 3200 RPM up to
ten seconds. Simulation results with a non-linear (ANF-
SMC) controller were shown in “Fig. 6(b)” by taking
execution time (secs) on the X-axis and the Y-axis the
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( a) Results with linear PID Controller

Fig. 7 Electro Magnetic Torque (EMT) with linear PID and non-
linear (ANF-SMC) using DC-DC converter with PMBLDC motor.

3.3.3 Simulation results and discussion of Stator
Current using non-linear (ANF-SMC) controller with DC-
DC converter

Simulation results of stator current with PID controller were
shown in “Fig. 8(a)” by considering the time in seconds on
the X-axis ranging from 0 to 0.2 secs with an interval of
0.002 sec, and electromagnetic torque on the Y-axis ranges
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from -3.0 to +3.0 in ia with a speed of 3.5K rpm. On
observation of results, the proposed controller within 0.01
secs stator current value changes from -2.2 ia to +2.0 ia,
from 0.01sec to 0.05sec -1.0 to +1.0 ia, from 0.05 secs to
10 secs stator current values ranges from -1.0 to
+1.0 to -20 to +2.5 continuously.

Simulation results of stator current with non-linear (ANF-
SMC) controller were shown in “Fig. 8(b)” by considering
the time in seconds on the X-axis ranging from 0 to 0.2 secs
with an interval of 0.002 sec, and electromagnetic torque on
the Y-axis ranges from -6.0 to +6.0 in ia with a speed of
3.5Krpm. On observation of results, the proposed controller
maintains a constant stator current from 0 to 2 sec ranging
from -2.1 to +2.1 continuously. On observation of results,
the proposed controller maintains a constant stator current
than that of another controller.

(a) Results with linear PID Controller

Sakreometa

e

(b) Results  with
Controller

Non-linear

the proposed

(ANF-SMC)

Sar cometia

Fig. 8 Stator Current (SC) with linear PID and non-linear (ANF-
SMC) using DC-DC converter with PMBLDC motor

3.3.4 Simulation results and discussion of
Electromotive Force (EMF) in volts with non-linear
(ANF-SMC) full bridge DC-DC converter

Simulation results of electromotive force (EMF) with PID
controller were shown in “Fig. 9(a)” by considering the time
in seconds on the X-axis ranging from 0 to 10 secs, and
electromotive force on the Y-axis ranges from -150.0 to
+150.0 volts witha speed of 3.5K rpm. On observation of
results, the proposed controller from 0.0sec to 1.0 sec
electromotive force will be constant at 150 volts from 1.0
secs to 10 secs electromotive force will be constant at 152
volts.

Simulation results of electromotive force (EMF) with a non-
linear (ANF-SMC) controller were shown in “Fig. 9(b)” by
considering the time in seconds on the X-axis ranging from
0 to 0.2 secs with an interval of 0.002 sec, and
electromotive force on the Y-axis ranges from -1500.0 to
+1500.0 volts witha speed of 3.5K rpm. On observation of
results, the proposed controller from 0.0 sec to 0.2-sec
electromotive force will be a constant value from -1400 to
+1400 volts. On observation of results, the proposed
controller maintains a constant electromagnetic force than
that of another controller.
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(a) Results with linear PID Controller
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Fig. 9 Simulation results of Electromotive Force (EMF) in volts,
with linear PID and non-linear (ANF-SMC) full bridge DC-DC
converter
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Fig. 10 Simulation results of Trained Data FIS input and output
diagrams, signal builder diagram of non-linear (ANF-SMC)
controller with DC-DC converter.
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3.3.5 Simulation results and discussion of Trained
Data FIS input and output diagrams, signal builder
diagram of non-linear (ANF-SMC) controller with DC-
DC converter

In “Fig 10(a)” Trained Data FIS input diagram is
represented by taking several epochs on the X-axis ranging
from 0 to 100 and taking Error values ranging from -1 to
+1.5. On observation of results, the proposed controller
maintains O error irrespective of the number of epochs.

In “Fig 10(b)” Train Data FIS output diagram is
represented by taking index values ranging from 0 to 1000
with an interval of 100 and taking output values on the Y-
axis ranging from 27 to 34. On observation of results, the
proposed controller maintains the same range of output
irrespective of the index value.

In “Fig 10(c)” signal builder diagram is represented by
taking time in a sec on the X-axis ranging from 0 to 10 sec,
and signal1 vale on the Y-axis ranging from 0 to 1 with an
interval of 0.2. On observation of results the proposed
controller signal value will be 0 from 0 to 4 sec, from 4 to 6 it
will be constant with 1, and from 6 to 10 sec it will be 0.

4. Hardware Implementation and Results Discussion
4.1 Description of Hardware setup and implementation

In “Fig 11(a)” input sine wave, “Fig 11(b)” inverter output
and “Fig 11( c)” proposed system pulse circuit with a BLDC
motor speed of 3500 RPM and DC-DC boost converter were
represented.

Input Sine Wave

EE———

Fig. 11 Description of Hardware setup of proposed system Non-
linear controller (ANF-SMC) with BLDC motor speed of 3500 RPM and
DC-DC boost converter used.
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(a) BLDC motor (1.5 KR P M)
DC-DC boost converter Duty = 12, S

CONTROL with

(b) BLDC motor (1.5 KR P M) CONTROL with
DC-DC boost converter Duty = 12, Speed = 134 RPM

N

(c) BLDC motor (1.5 KRPM) CONTROL
with DC-DC boost converter Duty = 12, Speed = 138 RPM

(d) BLDC motor (1. 5KRPM) CONTROL

with DC-DC boost converter Duty = 12, Speed = 138 RPM

Fig. 12 Description of Hardware setup of proposed system Non-
linear controller (ANF-SMC) with BLDC motor speed of 1500 RPM and
used converter.

Hardware setup of a BLDC motor control with used
converter of 12 volts duty is used with different speeds
(134, 121, 138 and 803 rpm) shown in “Fig. 12(a) to 12(d)”
respectively. The output results of the simulation in terms of
scope, speed, stator current electromagnetic force, and
torque are shown in “Fig.13".

Speed Results were described in “Fig. 13(a)’ by
considering time on X-axis values ranging from 0 to 4
seconds with an interval of 0.5 sec, and speed values
ranging from 0 to 4000 RPM with an interval of 500. With
the results, it can be inferred that as the time increases from
0 sec to 2.5 sec, the speed value graduallyincreases from 0
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to 3750, after 2.5 secs to 4.0 secs the value gradually
decreases from 3750 to 3500, and from there on it will be a
constant speed of 3500 RPM.

Stator Current and Electro Magnetic Force Results are
described in “Fig. 13(b)’. As in the case of both Stator
Current and Electro Magnetic Force by considering time on
X-axis values ranging from 2.0 to 2.11 seconds with an
interval of 0.002 sec, as in the case of Y-axis values the
stator current values ranging from -0.5 to +0.5 with an
interval of 0.1and in case of Electromagnetic Force values
ranges from -200 to +200. With the results it can be inferred
that as the time increases from 0 sec to 2.0025 sec, the
stator current value gradually increases with fluctuations
from -4.0 to +4.0, and after 2.0025 secs to 2.0045 secs the
value gradually decreases from +4.0 to -4.0, from 2.0045
sec to 2.0007 sec, the stator current value gradually
increased with fluctuations from -4.0 to +4.0, from 2.0007
sec to 2.100 sec, the stator current value gradually
decreased with fluctuations from +4.0 to -4.0, from 2.100
sec to 2.1045 sec, the stator current value gradually
increased with fluctuations from -4.0 to +4.0, from 2.1045
sec to 2.1065 sec, the stator current value gradually
decreased with fluctuations from +4.0 to -4.0, from 2.1065
sec to 2.1105 sec, the stator current value gradually
increased with fluctuations from -4.0 to +4.0. With the
results of Electromagnetic Torque time from 1.95 sec to
2.0035 the results will be in trapezoidal form values ranging
from (-160 to +160, +160 to -160 volts), on the whole time
from 1.95 sec to 2.12 sec the Electromagnetic Force values
will be from -160 to +160 in the form of Quora.

(a) Result of Speed

(b)

Result of Stator Current and Electro-Magnetic Force

(c) Result of Electromagnetic Torque

Fig. 13 Description of the Proposed Controller's Hardware results of
BLDC motor with DC-DC converter

Electromagnetic Torque Results were described in “Fig
13(c)” by considering time on the X-axis ranging from 0 sec
to 4 sec with an interval of 0.5 sec and on the Y-axis
Electromagnetic Values 0 to 0.45 Nm with a range of 0.05.
On observation of results of the proposed controller as the
time increases from 0 sec to 0.3 secs the EMT value will be
0, after 0.1 sec its value changes from 0.1 to 0.42 Nm, from
0.1 sec to 2.5 sec the value changes from 1.7 to 0.1, 0.42 to
0.34 Nm. From there on words the EMT value will be
maintained constantly from 0.08 to 0.37 Nm.

In “Fig. 14” output results of the proposed controller with
hardware setup were represented.

L LT

Fig. 14 Description of got output with Hardware setup used in a
proposed system in the waveforms

5. Conclusion and Future Scope

To control the output voltage generated by the used
converter during the drive cycle and to reduce the losses at
the used motor side, within the work proposed novel
controller ANF-SMC using DC-DC converter which feds
used BLDC motor is simulated and hardware
implementation was carried out. The proposed system and
subsystem comparative analysis study done with that of
existing linear and non-linear controllers in terms of output
voltage, EMT, reliability, and cost was also performed. It
can be perceived from the results in the case of simulation,
hardware implementation, output waveforms, analysis, and
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time domain specification that the proposed novel controller
performs well as in the case of input and load variations
when used with adaptive neuro principles. It can be concluded
that the proposed controller with DC-DC boost converters is
more suitable for EV applications. In this work, a BLDC
motor control with a DC-DC boost converter having 12 volts
duty is used, when the required speed is greater than 20.00
KMPH, the used DC-DC converter comes into action to
boost the voltage as per the required speed so that the
current flow can also be reduced, which also reduce losses
and improve the system performance of the system drive
train.

In future work, this can also be tested with other types
of controllers. In future work performance comparison
during regenerative braking mode of EVs can also be
tested. Multiple storage devices such as the battery, and
supercapacitor, with a laboratory scale property, can be
used in the analysis of the converter.
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