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Abstract: Energy efficiency is crucial in electric cars (EVs) and hybrid EVs since the energy storage is 

constrained. The induction motor efficiency increases with loss minimization, which is in addition to its 

excellent stability and inexpensive cost. Additionally, while it is functioning at less than full load, it may use 

more energy than is actually required to carry out its functions. This paper suggests a fuzzy logic control 

(FLC)-based control approach for use in electric vehicle applications. The initial current amplitude can be 

increased with FLC controller, and more electricity is saved. Simulation was used to confirm the effectiveness 

of this control using the MATLAB/SIMULINK software suite. The simulation techniques exhibit good, high-

performance outcomes in time-domain response and swift rejection of system-affected disturbance when 

compared to the standard proportional integral derivative controller. As a result, the induction motor's core 

losses are drastically decreased, which raises the driving system's efficiency. 
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Introduction 

The EV's environmental, technological, and economic potential have sparked the integration of electrical 

power and transportation networks in ways that were previously unthinkable [1]. The charge of the batteries—

the source of power for the EV traction, control, lighting, and air-conditioning system—is the fundamental 

link between the two sectors. However, charging the EV via the electrical grid places an additional stress on 

the utility, especially during peak demand periods [2, 3]. Promoting charging from renewable sources is one 

feasible method for reducing the grid's negative effect. The usage of this type of clean energy is expected to 

have a positive influence on the environment while also improving the overall charging system efficiency [4, 

5]. 

The effectiveness and cost of the drive are significantly impacted by the choice of the electric machine. But 

any drive, including those that can be incorporated into EVs and hybrid EVs, must have electric machines [7]. 

The two major machine types that can be used in EVs are synchronous motors and induction motors (IMs) [8]. 

The following propulsion should be included in the EV-drive motor [6, 9–11]: 

• High efficiency to increase driving distance.  

• High torque density to provide sufficient driving force during startup, climbing, and accelerating.  

• Good flow regulating ability to broaden the static power speed range. 

Because of its strength, low cost, and minimal maintenance requirements, the IM is more frequently used for 

traction drives and is the best choice for EVs [12–15]. However, because of its increased losses in the EV 

application [16, 17], the machine efficiency suffers. Low energy density, larger weight, longer charging 

periods, and longer battery life are the most constraining factors to integrating such cars into the transportation 
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system [18]. As a result, EV functioning depends on the best possible usage of energy [19–21]. It is commonly 

accepted that proportional integral derivative (PID) control, which is used in many industrial drives, is one of 

the most prevalent units due to its effectiveness and ease of implementation. PID controllers are also 

employed in industrial applications and are a component of the majority of current control loops [22, 23]. Due 

to component obsolescence or a change in the working environment, significant performance loss may happen 

when the operation conditions are changed [24]. Fuzzy logic control (FLC), for example, is an intelligent 

control technique that can be used to deliver superior performance due to the uncertainty and complexity of 

modelling the accurate analytical model of a controlled system [25–27].  

Many strategy rules in the FLC framework make simpler use of linguistic tags. Numerous additional EV 

energy demand management projects have followed this strategy [6]. A mathematical model of a controlled 

system is not necessary for FLC because it is a model-free technique [27, 28]. Therefore, the FLC system 

controller should be created with adaptive features when the system reaches areas with fixed mistakes in order 

to improve the performance of the EV traction. Other FLC trends include finding appropriate trade-offs 

between quick ascending time, minimum steady-state error, and minimum overshoot [29]. 

The focus of the current design methodologies, however, is on minimizing steady-state losses [30, 31]. When 

typical induction machines are built for high stability efficiency, high and excessive current peak losses in the 

machine can happen during transit with variable flow linkages. Therefore, the focus of this research is on the 

losses of transient machines that happen during the extremely dynamic driving cycle that an EV's traction 

motor drive often experiences. 

Numerous various control structures have been offered for EV applications in the literature. These include 

basic linear methods such sliding mode control [35], direct torque control [33, 34], and field oriented control 

[7, 32]. Use the model reference adaptive system with an optimized base power scheme, also known as the 

golden section approach [32], to reduce secondary winding harmonic losses. Using slip control, which is 

carried out through a fuzzy controller with nine rules, taking speed error change as input, to produce 

frequency, as well as search controller (SC), which is based on adaptive quadratic interpolation to optimize the 

loss of IM drive [19]. For EV applications, an FLC-based technique is put forth in this paper. The influence of 

each of the controllers (PID and FLC) on the performance of IM is then compared. The following is a 

summary of the important contributions made by this work: At projected speeds and above, the main concern 

is to reduce the cost of the drive life cycle, and efficiency is a sign of the cost of energy. The overall drive 

efficiency has an impact on the inverter's efficiency. 

Proposed System 

As seen in Fig. 1, a battery EV is an electrically powered vehicle that has three basic components: an electric 

motor system, which is typically just one electrical machine and is typically a three phase AC. via the gearbox 

and differential, which are coupled to the wheel. The second component is a battery that serves as a power 

source and is connected to the gadget via an electrical DC/AC power adapter along with the control system. 

The energy is chemically stored in the battery. Last but not least, the electric machine is equipped with a three-

phase frequency and voltage control system that is connected to the accelerator and/or brake pedals based on 

the wishes of the current driver. 
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Fig. 1: Induction motor drive for EV 

 

Table 1: Parameters of IM 

Parameter Value 

Power 37.3 kW 

Voltage 460 V 

Poles 4 

Frequency 50 Hz 

Rated Speed 1500 rpm 

 

The three-phase electric machine in Fig. 1 gives the wheels traction power. Torque for the left and right 

wheels will be provided by the differential with the gear ratio for high-speed adjustment of the electric motor 

shaft to the low speed of the wheels. An inverter, which changes the battery voltage from DC to three-phase 

AC voltage, regulates the machine's speed. When analyzing the power consumption of an EV that is not a part 

of the power chain from the grid to the wheels, it is crucial to take component losses into account. Our 

dedication is to develop adequate controllers for feedback in order to push the EV system into the required 

operation. By using FLC approaches for EV applications, the controller that is insufficiently flexible, adaptive, 

and powerful can be created. Table 1 displays the induction motor's parameters that were taken into 

consideration. 
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Control Strategies 

 3.1 PID Control: 

In the first design approach, a traditional PID controller is introduced for use with an indirect field-

oriented IM order to control its speed and also starting scenario is studied. The suggested control system 

has a phase-locked loop algorithm that synchronizes with the utility current regulator and (direct-

quadrature-zero) conversion equations. The a-b-c coordinates of the phase currents (ia, ib, and ic) are 

transformed into a d-q frame. The components of d–q can be described using the following conversions: 

𝑖𝑑
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Now, oscillation and average components are taken into account while calculating active and reactive 

power. To obtain the average components to the outputs of the active power and reactive power, two 

outside PID control loops are used. Fig. 3 provides a block diagram of the traditional PID control. This 

PID produces active current reference (id*) and reactive current reference (iq*), as given in the following 

conversions: 

𝑖𝑑∗ =  𝑘𝑝(𝑃𝑟𝑒𝑓 − 𝑃) +  𝑘𝑖 ∫(𝑃𝑟𝑒𝑓 − 𝑃)𝑑𝑡 

𝑖𝑞∗ =  𝑘𝑝(𝑄𝑟𝑒𝑓 − 𝑄) +  𝑘𝑖 ∫(𝑄𝑟𝑒𝑓 − 𝑄)𝑑𝑡 

where k p is the proportional constant and ki is the basic constant, for the PID controllers used. Pref is the 

reference for the charging power, and Qref is the reference for the reactive power that the AC source 

needs. The inner current loop and the outer voltage loop are integrated to provide the control. The current 

reference, which is used to control the inner loop, is created by comparing the current reference with the 

actual current in the outer loop. As a result, the Park conversion is used to compare the observed line 

currents to create the internal PID loops. The results (ed and eq) are first summarised by the 

disengagement conditions and then normalised by the DC voltage to obtain the operating ratios in the d–q 

coordinates as follows: 

𝑑𝑑
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Inverse matrix transformation can be used to obtain the duty ratios in (a–b–c) frame coordinates, which 

can be expressed as follows: 
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3.2 Fuzzy Logic Control: 

Controlling this issue continues to be challenging due to the non-linear properties of AC motors, 

particularly the squirrel cage induction motor (SCIM), as numerous parameters (mostly rotor resistances) 

fluctuate depending on the operating conditions. For EV applications, traditional control technology (PID) 

must be modified using the efficient intelligent FLC [37]. The following variables must be taken into 

account when designing any fuzzy system: 

• Generating fuzzy rules for some control concerns, which are developed by subject-matter experts; 

• Choosing the membership functions and modifying them; and  

• Choosing the scaling factors.  

The basic FLC was created for EV applications using the second design strategy. It is a sort of 

variable structure control unit that has a solid reputation for stability and longevity. Figure 4 depicts an 

example FLC. 

Using the mathematical method known as fuzzy logic, a novel method is offered to enhance the 

voltage, frequency, and current regulation of adjustable speed drives. It can be used in EV applications to 

solve issues that render non-linearity and its dynamic nature unmanageable by traditional control 

approaches. All of the features of this kind of issue are present in motor control. 

 

3.3 Speed Control: 

The motor speed error (we) and its derivative, which reflects the speed variation error (we), are 

required as two input variables for FLC in the case of motor speed control. Speed error and speed 

variation error could be described as follows: 

𝜔𝑒 =  𝜔𝑟𝑒𝑓
∗ −  𝜔𝑎𝑐𝑡 

𝑑𝜔𝑒

𝑑𝑡
=  

∆𝜔𝑒

𝑇𝑠
 

The controller output is the incremental change of the control signal Δu. The control signal can be 

obtained by: 

∆𝑢 =  ∆𝑡𝑒
∗ = 𝑘1. 𝜔𝑒 + 𝑘2. 𝜔𝑒 
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Fig. 2: Fuzzy Logic Controller 

Where k1 and k2 stand for the system's present and past states, respectively. The world of discourse 

is defined on the normalized domain [-1, 1] for all membership functions of the controller inputs, we and 

we, and the output, u, as illustrated in Fig. 5. 

The fuzzy logic membership functions have been divided into five groups, as illustrated in Fig. 5, 

with five membership functions (MF) for inputs and five MF for output fuzzy sets. 

 

Fig. 3: Membership function for error 

 

Fig. 4: Membership function for change in error 

 

Fig. 5: Membership function for output 

In this system, a madmen fuzzy inference system is utilized to associate two input variables to one 

output variable. The error (we), which is the difference between the desired (set-point) and measured 

speed, and the change of error (we), are the two input variables. The normalization and renormalization 

https://doi.org/10.56452/6-1-2701001


DOI : https://doi.org/10.56452/6-1-2701001  

ISSN: 0974-5823                                                                         Vol. 6 No. 02 September, 2021 

International Journal of Mechanical Engineering  

Copyrights @Kalahari Journals Vol. 6 No. 02 September, 2021 

 

International Journal of Mechanical Engineering 

226 

of the individual variables of a traditional control gain are carried out via the scaling factors Ge, Gde, and 

Gu in Fig. 4. The value of these measurement factors is predicated on the starting error when Ge, Gde, 

and Gu are the error measurement, error variation, and FLC output factors, respectively. While the FLC 

rules are registered in Table 1, limited models are used to reduce the error and fluctuation in the error 

between the input and output functions of the FLC, as illustrated in Fig. 5. This characteristic suggests 

that rather than just interpreting NB, NS, Z, PS, and PB to stand for negative big, negative small, zero, 

positive small, and positive big, respectively, a more accurate continuous control rule may be created by 

interpolating the basic table of rules. Here, symmetrical triangles with equal bases and 50% overlap with 

neighboring MFs are picked, with the exception of two obscure groups at the outer ends (trapezoidal MFs 

are chosen).  

As shown in Table 2, there are five fuzzy subsets for each variable, which gives 25 possible rules, 

where the typical rule is: ‘If e is NB and de is PB Then u is Z’.  

Table 2: Rule base for FLC 

 

 

 

 

Fig. 6: Surface view of the rule base 
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Because the perturbation approach changes the motor speed and output power, speed correction 

control is required. The output rotor speed of the motor should be kept as steady as feasible. Figure 6 

depicts the FLC's input/output mapping. 

By utilising this fuzzy controller in the outer loop and using the speed error and variation of error as 

input signals to build the corresponding control terms, it is possible to achieve smooth torque and an 

improvement in the system performance for EV applications. 

Induction Motor Efficiency Calculation 

To confirm the measured efficiency, the following power losses of the suggested control strategy under 

worst-case conditions are evaluated. 

Using PID, three-phase IM draws 22.6 A at 0.85 PF lagging, and FLC, 20 A at 0.85 PF lagging. The 

expected input power losses are as follows: 

𝑃𝑖𝑛 =  √3 𝑋 𝑉𝐿𝐼𝐿𝑐𝑜𝑠𝜃 

It is taken into account that the stator copper losses are 2 kW and the core losses are 1.8 kW. One estimate 

for the air-gap power losses is as follows: 

𝑃𝐴𝐺 = 𝑃𝑖𝑛 − (𝑃𝑠𝑐𝑙 + 𝑃𝑐𝑜𝑟𝑒) 

𝑃𝐴𝐺 = 𝑃𝑐𝑜𝑛𝑣 + 𝑃𝑟𝑐𝑙 = 3𝐼2
2

𝑅2

𝑆
=  

𝑃𝑟𝑐𝑙

𝑆
 

The only rotor copper losses that are taken into account when converting power are 700 W. The estimated 

converted power losses are as follows: 

𝑃𝑐𝑜𝑛𝑣 = 𝑃𝐴𝐺 − 𝑃𝑟𝑐𝑙 = (1 − 𝑆)𝑃𝐴𝐺 

The calculation makes the assumption that stray losses are minimal, therefore friction and windage losses 

are taken into consideration at 600 W each. Table 3 provides an estimation of the output power losses: 

𝑃𝑜𝑢𝑡 =  𝑃𝑐𝑜𝑛𝑣 − (𝑃𝑓+𝑤 + 𝑃𝑠𝑡𝑟𝑎𝑦) 

Fig. 7 plots the IM drive's efficiency vs the percentage of load. When the IM performs at its best, the 

energy efficiency rises according to this figure. A more deserving performance is attained by the proposed 

rules when compared to the results obtained by the controller tuned utilising some well-known tuning rules. 

Simulation and Results 

  Two situations are taken into account in the simulation, which is done using the MATLAB software's 

Simulink toolbox (see Fig. 7). In the first case study, a PID controller is used to power a 50 hp IM. In the first 

six seconds of operation, three-phase voltage and current are monitored and plotted. We have operated the 

motor at 1000, 770, and 550 rpm because we are focusing on loss minimization at lighter loads. Figs. 9–11 
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display the comparison between PID controller response and FLC response. 

The vehicle is entirely halted at time t = 0, and the accelerator is abruptly depressed to 70 percent. The car 

decelerates to 50% at time t = 2 s then to 35% at time t = 4 s. 

 

Fig. 7: MATLAB Model 

 

Fig. 8: Speed response with PID controller 

 

Fig. 9: Speed response with FLC controller 
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Fig 10: Stator current for FLC controller 

 

Fig 11: Stator current for PID controller 

 

Fig 12: Stator current statistics for FLC 
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Fig 13: Stator current statistics for PID controller 

 

Fig. 14: Efficiency comparison between two controllers 

The outputs and time response of acceleration have improved based on the provided data for the 

magnitude of starting currents. The suggested method produces a phase current with fewer loss components in 

the same order of components. PID and FLC were both used in several simulation studies to regulate the IM 

speed. The control unit's performance results were evaluated by gradually changing the speed reference while 

maintaining a fixed load torque. The FLC demonstrated a better capacity to manage the three-phase IM's 

speed and to deliver a precise and quick response with little to no steady state error and no overshoot.  

 

Conclusion 

IM can use more power than necessary if it is operating at less than full load. Heat is the result of this 

extra power. More power can be saved during this period by using the FLC to adjust the initial current 

amplitude. The speed error and change of error are the inputs to the fuzzy controller, which are employed in 

the outer loop to create an equivalent controller term. In this paper, a simulation analysis using a 50 hp IM-

driven EV was carried out. The findings demonstrated that the suggested system's phase current had less loss 
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(reduced amplitude) while maintaining the same order components. For the real torque in the steady state, the 

loss amplitudes are generally minimised. It accomplishes smooth torque and raises system efficiency. The 

simulation results of the proposed FLC scheme demonstrated very strong stability and superior performance in 

terms of rising time, settling time, and peak overshoot compared to the traditional PID controller.  
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