
Neural, Parallel, and Scientific Computations 28(2020), No.3, 143 - 160 

Received May 1, 2020 1061-5369 $15.00 © Dynamic Publishers, Inc. 
www.dynamicpublishers.org; www.dynamicpublishers.com; 
https://doi.org/10.46719/npsc20202831.  

 

ENHANCED FUZZY NON-LINEAR POWER CONTROL BASED BLDC MOTOR 

DRIVE FOR ELECTRIC VEHICLE STABILITY ANALYSIS  

G. KAVITHA 

Department of Electronics and Communication Engineering 

Government College of Technology, Salem, India 

kavitha@gcesalem.edu.in 

ABSTRACT. In recent years, electric vehicles are the large-scale spread of the transportation 

field has led to the emergence of Brushless DC motors (BLDC), which are mostly utilized in 

propulsion systems. However, the sector information (rotor position) required by BLDC motors 

is used for power electronic converters based on BLDC drives to perform external commutation. 

The BLDC motor is a synchronous motor driven by unstable parallel connection because it does 

not slip due to the permanent magnet synchronous motor (PMSM). A different control method is 

to improve by using the BLDC motor the performance, to drive this BLDC motor have been in 

this system. In this proposed Enhanced Fuzzy Nonlinear Power Control (EFNPC) system is a 

simple and effective way for BLDC motor current control technology, a proposed control 

strategy is intended to stabilize the wheel power supply through the control of BLDC motor 

drive. The proposed Enhanced Fuzzy Nonlinear Power Control (EFNPC) method is called using 

a hall-based sensor. It is modified for BLDC motor drive based on a reference positive current to 

produce positive current control. The modulation method is implemented. To assess the theory, 

the proposed procedure is first actualized in an open circle structure. It is given to be equivalent; 

the performance is comparable to the traditional, ensuring a simplified development. Finally, the 

Enhanced Fuzzy Nonlinear Power Control (EFNPC) for controlling BLDC motor operation was 

verified by simulation using the MATLAB2017b software. 

Key Words and Phrases: INVERTER, BLDC MOTOR, ENHANCED FUZZY NONLINEAR 

POWER CONTROL (EFNPC), SPEED SENSOR, DRIVER CIRCUIT. 

  



144   G. KAVITHA 

 

 

1 INTRODUCTION 

The most used Brushless DC (BLDC) motors are to find motors in home, industry, 

medical, tools, electronics, and other industries and applications. However, the recent global shift 

in transportation systems based on gasoline vehicles has led to an exponential increase in the 

availability of brushless DC motors such as electric vehicles and traction motors. Low rotor 

inertia is avoided by permanent magnets, making BLDC motors a better choice among a variety 

of other motors with extended speed-torque characteristics, less noise, high power density, and 

maintenance is low. The child winding and the reduced loss thus show high efficiency. There is 

no commutation and internal brushing of the BLDC motor, so it is commutated by the power 

electronic converter based on the drive system of the external electric motor. Consequently, 

BLDC motor needs legitimate division data (rotor position) to perform the right electronic 

replacement utilizing the BLDC drive. 

Notwithstanding the way that electric vehicles are more powerful than inner ignition 

trains because the engine force and speed are produced and can be controlled rapidly and 

precisely, they are better than applying advanced motion control technology. Represents a 

general-purpose platform. The development of today's chassis control systems requires precise 

mechanical modeling. Needed to provide vehicle stability, control is synchronized to various 

subsystems/components such as mechanical parameters. When precise control can be achieved 

with all-wheel and tire forces in all three directions can be affected, but the best driving 

dynamics. The different control systems of the network with the integration of vehicle are 

required various control levels. In the proposed study, a tricycle has one front wheel for steering 

either two wheels or two for steering, also known as a tricycle, or plan other combinations of 

layouts. Brushless DC motor drives use power electronic converters to give the control activity 

required to control the wheels. The primary purpose of this paper is to generate a positive current 

reference for the use of a Hall-based sensor and generate a new current control scheme based on 

the implementation of the changed adjustment plan of the BLDC engine to control it along the 

BLDC drive. To do as such, it is to propose another current control technique called positive 

current control innovation. 
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2 LITERATURE SURVEY 

 It proposes a coordinate optimal shift control system for electric motor torque control, a 

two-speed gearbox introduced in the process of slip clutch in electric vehicles. Among these, the 

torque of motor and clutch thrust signals are as inputs to the optimized controller [1]. A robust 

sliding mode controller (RSMC) was structured, and the guided control law is separated into two 

sections: continuous and discontinuous. Delay problems with linear quadratic regulators (LQRs) 

and networks have established goals to reduce reference state tracking errors and reduce control 

strength [2]. Specifically, some safety regulation formulations for charging electric vehicles (EV) 

to ensure electrical safety and prevent dangerous accidents. Among them, the requirements for 

electric vehicles are power supply (EVSE) and battery safety for electric vehicles, the two main 

driving factors. When connected to renewable energy generation [3], the comprehensive system 

for assessing the electrical safety of large EVCSs. For mobile electric vehicles (EV), the only 

viable solution for electromagnetic energy charging, inductive power transfer (IPT) cannot 

compare with other technologies, static offers the possibility and includes dynamic charging [4].  

The advantages of steering controllers for path tracking together with torque vectors [5] 

and path tracking controllers used in autonomous electric vehicles, either through integrated 

torque systems or through separate implementations. A safe driving and control system is 

connected to automatically accelerating or securing a vehicle safety constraint while optimizing 

deceleration [6]. It proposes an optimal method for any type of charge depletion mode (ECMS) 

for versatile vitality utilization minimization methodology module half and half electric vehicle 

(HEV) [7]. Versatile Sliding Mode (ASM) Control and Fault-Tolerant (FT) Control Distribution, 

Adaptive Sliding Mode Fault Tolerant Coordination (ASM Recommended) Coordinates 

Actuator Behavior in Four-Wheel Independent Drive (4WID) Systems Multi-engine - FTC) 

control [8].  

The dynamic remote force charging innovation of electric vehicles is a transmitter curl, 

which is put under the ground. At the point when the electric vehicle and the getting curl are 

going on this street, the force arrange goes through the communicating and accepting loop [9] to 

realize the wireless dynamic charging of the vehicle, and for driving the electric vehicle. Send it 

to the motor. Modular multi-level converter (MMC) with basic embedded units, integrated 



146   G. KAVITHA 

 

 

balance function represents an effective alternative [10]. The development of electric vehicles 

features the charging network business market and forms, including the environment of national 

and local policy [11] charging network policy. The Hybrid Energy Storage System (HESS), 

along with high power density ultra-capacitors, consists of high energy density battery packs. 

Motor drives for internal permanent magnet (IPM) motors are usually designed depends on a 

fixed DC bus voltage [12].  

To exploit this consecutive drive repetition to decrease machine corruption while 

guaranteeing that the necessary shut circle execution is kept up [13]. It proposes another 

exchanged hesitance engine (SRM) with a wide speed extend for electric vehicle (EV) 

applications [14]. Electric motors are generally reasonable for vehicle applications since they can 

grow high beginning forces. This prompted the improvement of batteries for working electric 

vehicles (EVs), half breed vehicles, and energy component vehicles [15]. Brushless DC motors 

are three-phase permanent magnet motors and require a DC voltage as their power source [16].  

Transportation is the principle segment that produces human wellbeing and air 

contamination, which is poisonous to the reasons for an unnatural weather change. Air 

contamination can be limited by utilizing sustainable power sources and propelled electric 

engines for inside ignition motor transportation [17]. Accurate analysis of vehicle performance is 

required, including dynamic models of many components such as its electric motor, its battery, 

and its motor controller [18]. Another regenerative braking mechanism (RBS) has been proposed 

for use in the HESS EV and is driven by a brushless direct current (BLDC) engine. During 

regenerative slowing down, BLDC is utilized as a generator [19]. To meet the endless fuel 

demands of vehicles, research on hybrid vehicles is introduced [20]. For high-efficiency energy 

recovery and safety series of brakes-Parallel hybrid electric vehicles, the integrated braking 

system has a subsystem and advanced power consumption braking strategy [21]. 

3 MATERIALS AND METHODS 

 The most fundamental prerequisites for electric vehicles are decreased outstanding plan 

tasks at hand, minimal effort, little deterioration volume, and weight enhancement through the 

necessary foothold drive framework[22]. These necessities have prompted the advancement of 

another age of electric drives called Enhanced FUZZY Nonlinear Power Control (EFNPC) 
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systems[23]. The optimization of multi-machine operations is the reason for using these systems 

in electric vehicles [24]. 

In addition to controlling the drive, the proposed Enhanced FUZZY Nonlinear Power 

Control (EFNPC) machine should create an integrated system for use as an electrical differential 

system. The electrical differential should be considered for calculating wheel speed differences 

in different road situations. 

 

 

 

 

 

 

 

Figure 1: The proposed block diagram 

3.1 BLDC Motor Model  

DC brushless motors are trapezoidal back EMF and permanent magnet motors. In 

brushless DC motor commutation, 6 switches elements (power transistors) are used in a three-

phase inverter. The BLDC motor activates two stages at the same time, while the third stage 

floats. In DC brushless motor, the table shape is reversed by electric power and permanent 

magnet. In brushless DC engine recompense, six exchanging components (power 

semiconductors) are utilized in a three-stage inverter. 

𝑉 = 𝑅. 𝐼 + 𝐿.
𝑑𝐼

𝑑𝑡
+ 𝑒             (1) 

Where, 

DC supply Inverter 
BLDC 

motor 

EFNPC Controller 

Hall Effect 

sensor 

Speed 

sensor 

Driver circuit 



148   G. KAVITHA 

 

 

𝑅 is resistance 

𝐿 is inductance 

𝐼 is current 

𝑒 is the electromagnetic force 

𝑒 = 𝑃 × 𝜆𝑚 × 𝜔𝑚 × 𝐹(𝜃𝑚)     (2) 

Where, 

𝑃 is the number of poles 

𝜆𝑚 is maximum linkage flux 

𝜔𝑚 is rotor mechanical speed 

𝐹(𝜃𝑚) is the rotor position function 

The necessary force sets the adequacy of the sine wave voltage. The time of the sine 

wave is taken from one of the Hall Effect sensors. It is determined to utilize the stage advance, 

which relies upon the force extend necessities and the rotor position from the Hall Effect sensor. 

At a certain speed, the motor operates in energy recovery mode when the voltage amplitude 

drops sharply. However, this is not an effective way of driving energy and braking regeneration, 

and sometimes the electrical energy it consumes is used for braking. For the phase between 

sinusoidal voltages having high efficiency and back, EMF must be adjusted for different motor 

torques and speeds, which can be adjusted regarding Enhanced FUZZY Nonlinear Power 

Control (EFNPC). 

Determinant phase current measurement parallel conversion response composite (space) 

carrier. After that, the electric coordinate system was converted to the electric coordinate system. 

Currently, there is a slewing determinant, a current direction, a quantitative realization, an axial 

fractional magnetic field, a directional coordinate system, a control framework, a control 

framework, a control framework, a control framework, a control framework, a control 

framework, a control framework, and a control framework. Lasting electric machine, 
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transformation, and correction proportion. Driving or slowing down, which can be effortlessly 

cultivated by controlling the current speculation. In field-arranged control drive mode, the EMF 

and stator flows have a similar stage. In this brake down control mode, the stator current behind 

the 180-degree EMF slacks. The period of terminal voltage and current is more prominent than 

90 degrees. Thus, vitality streams to the activity of the back vitality regenerative mode, slowing 

down the battery and the electric engine. At the point when the engine speed eases back down, 

and the necessary force is high, the battery gives the slowing down vitality and the working 

standard of the engine in the slowing down vitality utilization mode. 

3.2 Speed Control of Brushless DC Motor 

Speed control (pulse width modulation) control of brushless DC motor based on this 

material. In Enhanced FUZZY Nonlinear Power Control (EFNPC) control, switching elements 

(power transistors) are turned on and off based on the inverter. Brushless DC engines are worked 

by changing the information voltage of the inverter. Square chart of speed control of brushless 

DC engine. There are two circles utilized in the square chart. The principal circle is being used 

for 6-advance inverter compensation, and the subsequent circle is being used for speed control of 

brushless DC engines. Corridor Effect sensors in brushless DC engines have two capacities; for 

example, position sensor and speed sensor. 

 

 

 

 

 

 

 

Figure 2: speed control of BLDC 
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In detecting the rotor position, a Hall Effect sensor algorithm is used to commutate the 

inverter switch. At the point when the loop is empowered, an attractive field is shaped, and the 

rotor pivots. Simultaneously, the Hall Effect sensor is utilized as a speed sensor to get the current 

speed information used to get the error value. 

3.2.1 Speed Control Loop 

The speed control circle is utilized to ascertain the distinction between the reference 

speed and the good speed and change the speed sign to the current sign. The diagram is shown in 

Figure 3. 

 

 

 

 

 

Figure 3: Speed control loop 

Analysis of the various actual speed and the reference speed. Change the difference to the 

(EFNPC) control current signal via intermittent non-linear power control. The output current 

signal goes to the next block. The EFNPC controller ascertains the "error" esteem as the contrast 

between the deliberate procedure variable and the ideal set point. 

3.3 Inverter Topology 

BLDC motor driver consists of a converter, gate driver circuit, and position sensor. The 

converter model in this section is used to analyze the motor output. The converter includes a 

system, MOSFET, diode, and capacitor DC power supply. The MOSFET switch is built on the 

inverter circuit and takes the output voltage of the BLDC motor. 
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The converter topology of the most popular three-phase BLDC motors is fixed to the 

control rotor. Two different coils can be connected in series or parallel mode. Each stage 

switches from a bridge to a swift current distribution. The motor is aligned with the rotor teeth, 

which corresponds to a zero-angle stop using magnets, and is where the motor and minimum 

inductance are present. Maximum inductance occurs when coupled with the rotor teeth 

associated with the electrical angle of the phase winding. When the inductance is saturated, the 

phase current and the inductance value decrease. 

 

Figure 4: BLDC driver Inverter circuit 

3.4 Enhanced FUZZY Nonlinear Power Control (EFNPC) Algorithm 

An Enhanced FUZZY Nonlinear Power Control (EFNPC) system contains a control 

device like which has an adjustable hysteresis band current control. The signal feedback, which 

represents the load current, is compared to the current demand signal that produces the error 

signal received by the hysteresis controller. The exchanging yield of the hysteretic controller is 

observed to determine a sign whose recurrence is being utilized in a control circle that changes 

EFNPC to keep up a significantly consistent exchanging recurrence yield. 

3.4.1 Enhanced Fuzzy Nonlinear Power Control (EFNPC) 
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The controller is utilized to return the calculated target value response as the target value 

changes. The controller planning stage involves the design of PI controllers and Fuzzy logic 

controllers. 

Step 1: BLDC motors are configured to work at various speeds. Therefore, the saturation 

current in the model is equal to the rotor position. 

Step 2: The phase current reaches the saturation current, and the motor inductance value 

is minimum. 

Step 3: The system control is based on Enhanced FUZZY Nonlinear Power Control 

(EFNPC) technique is given the duty cycle of the inverter and the high and low to switches of the 

inverter is the same. 

Step 4: In this motor winding the current flows, and the motor electric potentials of the 

phase terminals are defined as follows: 

     φP = Vdcγ             (3) 

     φN = Vdc(1 − γ)           (4) 

 Step 5: In this system, the motor angular position sensor value is analyzed and given 

to the appropriate solution system to develop the motor speed (ω) and torque (𝑇𝑒). 

𝑇𝑒 =
1

2
𝑖2

𝑑𝐿(𝜃)

𝑑(𝜃)
             (5) 

Step 6: The inverter can generate a positive current at any time. If the flow link value is 

negative, then you should check it. 

φk = {
φk, φk ≥ 0;
0, φk < 0.

            (6) 

Step 7: The calculated flux is only used to estimate the present value of the flux in the 

link phase 

i =
φ

L
               (7) 
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Step 8: If it is small, it works in the machine and linear region and requires no correction. 

If it is large, there is a mechanical concentration, and the real value of the phase current has to be 

adjusted. 

Step 9: End. 

4 RESULT AND DISCUSSION 

This proposed method of Induction Motor Driver system utilizing MATLAB2017a 

software is to be used and simulate the system function and coordinated into the simulation 

model of an Enhanced FUZZY Nonlinear Power Control (EFNPC) system. In the 

MATLAB/Simulink condition, using the capacities and Systems display library SIM Power to 

set up the entire IM system demonstrate, which is appeared in Figure 5. 

 

Figure 5: Final proposed system Simulink model  
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The overall Simulink model is given the BLDC Motor controlling strategy. The DC 

source is given to the system, and the converter is given to the supply of the motor. The proposed 

Enhanced FUZZY Nonlinear Power Control (EFNPC) system is used to control the system power. It 

will show in Figure 5. The system torque, phase current, and flux are analyzed in this system.  

 

Figure 6: Output current of the proposed system 

 Figure 6 gives the system output current of the BLDC motor. The proposed Enhanced 

FUZZY Nonlinear Power Control (EFNPC) control system performance is improved. 
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Figure 7: BLDC Motor Torque 

 Figure 7 gives the BLDC motor torque. In this system, the proposed Enhanced 

FUZZY Nonlinear Power Control (EFNPC) is utilized. 

 

Figure 8: BLDC Motor speed 

 Figure 8 gives the system Speed of BLDC motor. Using the proposed Enhanced 

FUZZY Nonlinear Power Control (EFNPC) Controller, the performance of the system is 

improved. 

Table 1: Comparison of Accuracy 

Measurement Accuracy (%) 

PI 81 

FUZZY 87 
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EFNPC 94 

 

Figure 9: proposed system Accuracy 

Table 2: Error rate 

Measurement Average Error (%) 

PI 19% 

FUZZY 13% 

EFNPC 6% 
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 Figures 10 shows the Average Error (%) comparison chart for both the BLDC motor 

drive models. From that, it is evident that the proposed Enhanced FUZZY Nonlinear Power 

Control (EFNPC) algorithm. 

 

     Figure 10: Average Error (%)  

5 CONCLUSION 

By comparing the dynamic response of DC motors, asynchronous motors, and brushless 

DC motors, BLDC motors are determined to be the best choice for high-efficiency motors. Use 

of BLDC motor control system for MATLAB/Simulink design and simulation. The control 

system works fine and presents an output that can have a good dynamic response. Distinctive 

BLDC engine can be applied to the control framework, and the recreation chart is simple for 

architects to troubleshoot. Theoretical investigation and reenactment results. A model was 

created to test the presence of the proposed Enhanced FUZZY Nonlinear Power Control (EFNPC 

based BLDC drive). The torque is applied to stabilize the vehicle during normal EV balancing 

and emergency driving operations. Experimental results on different drive cycles from 

simulations, but we did not analyze the system under different conditions. 
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