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Abstract

:

Recently, Plug-in Hybrid Electric Vehicles (PHEVs) have gathered a lot of attention by integrating an electric motor with an Internal Combustion Engine (ICE) to minimize fuel consumption and greenhouse gas emissions. The On-Board Chargers (OBCs) are selected in this research because they are limited by dimensions and mass, and also consume low amounts of power. The Equivalent Series Resistance (ESR) of a filter capacitor is minor, so the zero produced by the ESR is positioned at a high frequency. In this state, the system magnitude gradually drops, causing a ripple in the circuit that generates a harmful impact on the battery’s stability. To improve the stability of the system, a Neural Network with an Improved Particle Swarm Optimization (NN–IPSO) control algorithm was developed. This study establishes an isolated converter topology for PHEVs to preserve battery-charging functions through a lesser number of power electronic devices over the existing topology. This isolated converter topology is controlled by NN–IPSO for the PHEV, which interfaces with the battery. The simulation results were validated in MATLAB, indicating that the proposed NN–IPSO-based isolated converter topology minimizes the Total Harmonic Distortion (THD) to 3.69% and the power losses to 0.047 KW, and increases the efficiency to 99.823%, which is much better than that of the existing Switched Reluctance Motor (SRM) power train topology.
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1. Introduction


In recent times, Plug-in Hybrid Electric Vehicles (PHEVs) have been described as the essential component to maintain electric flexibility in microgrids and to combat energy apprehensions [1,2]. Due to their smaller batteries, PHEVs are frequently inexpensive compared to Battery-powered Electric Vehicles (BEVs). Furthermore, regenerative braking in PHEVs could prolong the range of batteries, as is required. Thus, while considering a global view, dissimilar selections of PHEVs could be preferred, deliberated, and distinguished by their Energy Storage Systems (ESSs) [3]. The ultimate idea for PHEVs is to utilize their batteries as the energy storage system to increase the capability of the ESS and maintain a proper charging period [4,5]. The significance of PHEVs has been considered and assessed in terms of power semiconductor devices and their procedures for the grid side [6]. Therefore, the individual charger type is designed and established for training individual prototypes to complete the charging process within 30 min [7]. On the other hand, the OBC type is essentially required to charge appropriately using the local service exit. Subsequently, the PHEV-related batteries are stimulated by the smart grid, which acts as an important aspect for promising the stability of the grid [8]. To date, a lot of research has been carried out in the area of Alternating Current (AC) microgrid control. Additionally, local storage and batteries for electric vehicles are based on Direct Current (DC), which is easily formed [9]. Although it is difficult to construct DC systems with rising capacities and voltage levels [10], DC microgrids are an interesting development for the power industry, since they provide excellent controllability and fewer integration issues for AC power systems. As a result of the above explanations, the concept of hybrid DC–AC microgrids has recently drawn the attention of numerous researchers [11], because numerous advantages are provided by encompassing AC and DC structures with new technologies [12,13].



In recent times, on-board battery-type chargers have been employed in the industry, because stocking vehicles have failed to eliminate the overburden and overcapacity [14]. However, they show a composite battery charging system that combines an OBC with a Low-voltage DC–DC Converter (LDC) for an Electric Vehicle (EV) charger that is tiny and lightweight. Three H-bridge converters—including selective switching, a high-frequency power converter, and inductors—are used in the presented charger [15]. High-Frequency Transformers (HFTs) are an important component of inverter circuits that convert intermittent energy into usable electricity. HFTs are utilized in switching power supplies because they can handle high currents. Consequently, numerous researchers have investigated charging procedures using an inverter for impulsion motor-powered vehicles [16]. EVs are rapidly advancing, opening up substantial prospects to increase the use of sustainable energy in the automotive sector. OBCs are frequently utilized in EVs due to their easy installation and low price [17]. An OBC needs to be power-dense and extremely efficient because of their constrained interior area and quick charging times. A further factor driving interest in bidirectional power flow technologies in the automobile industry is the potential for EVs to provide electricity back into the grid [18]. This article provides a thorough analysis and investigation of the most recent bidirectional OBC methods. OBCs enable EVs to be charged instantly from the utility grid, and are popular in the automobile industry for their practicality—particularly when contrasted with the numerous expensive off-board charging options [19]. Due to their low battery deterioration and straightforward hardware requirements, unidirectional OBCs are widely used. However, the advancement of EVs has made their promise as a portable energy source more apparent [20]. The major aims of this research are as follows:




	
A novel technique called NN–IPSO is proposed to determine the best suitable converter topology for battery charger management.



	
The stability of the system is improved using NN–IPSO, which interfaces the battery with an isolated converter topology.








The organization of the remainder of this paper is as follows: The literature review of conventional methods is presented in Section 2. The proposed approach is explained in Section 3, while the outcomes, discussion, and comparative results of the data are described in Section 4. The conclusions and future perspectives of this research are presented in Section 5.




2. Literature Review


For On-board Battery Charger (OBC) applications, Ramos et al. [21] proposed a control scheme to smooth the power ripple of a single-stage isolated converter for EVs. To regulate the power flow and phase-shift control, the recommended converter employs the interleaving approach and the Dual Active Bridge (DAB) operation. Furthermore, without adding any extra components to the secondary side, this paper provides a control strategy for reducing low-frequency power ripples in topology while maintaining overall size and weight. However, this method does not focus on efficiency and power density measurements.



Mohamed Elshaer et al. [22] developed a unique DC–DC architecture that allows a PHEV to use a power distribution system to recharge its high-voltage batteries. A single rectifier and tertiary complementing capacitance were shared across the two modules by connecting the inductive charging system’s transmitter coil to the rechargeable vehicle’s on-board reversible semiconducting charger. The total area and complexity of the on-board circuitry were reduced because of constituent cooperation between the two modules. The transistor, supplemental valve, and controller led to high costs, but extended the converter’s lifespan. The battery charging condition remained the same; however, a concentrated voltage was intolerable for operating the battery.



A novel combined OBC converter with the vehicle and auxiliary battery charging features was recommended by Nam et al. [23]. A bidirectional full-bridge converter including an operational clamp circuit and a composite LDC converter along with a Phase-Shift Full-Bridge (PSFB) converter and a forward converter made up a conceptual incorporated OBC converter. Extra circuitry consisting of a resistor and a rectifier was used on the tertiary side of the square LDC converter to control the voltage fluctuation between bridge rectifiers and remove the harmonic currents. However, this topology has a higher component count, and some configurations need more than one isolated DC supply.



Denys Zinchenko et al. [24] suggested a single-stage isolated on-board electric car charger with no intermediate DC link. In this research, the designed converter was placed on an independent current source design with gentle shifting in transistors for an AC line operating voltage. The adapter was differentiated by its efficiency qualities, with the continuous power recharging mode achieving the highest efficiency. The proposed design eliminates diode repossession properties in synchronous converter topologies to improve efficiency, but this converter design requires an additional filter that produces less transient response and high output ripples.



An effective two-stage charger design with an upgraded PFC rectifier as the front end and a high-frequency Zero Voltage Switching (ZVS) was proposed by G. Kanimozhi et al. [25]. The second component is a DC–DC converter with current switching (ZCS). For the regulation of PFC and DC voltage, the Resettable Integrator (RI) control approach was used. With a quicker dynamic response and input noise rejection, the regulator was able to manage a nonlinear switching converter while also strengthening its resilience. Resonant circuitry was used in the second stage to help the inverter switches and rectifier diodes achieve ZVS/ZCS. However, taking into account the diode latency, the switching loss increases relative to the power that is shielded from the presence of the diode.



He Cheng et al. [26] proposed a comprehensive Switched Reluctance Motor (SRM) powertrain topology for PHEVs based on a variety of driving and recharging capabilities. Four basic functions were provided in motor driving mode to successfully analyze the driving and braking procedures. Three charging modes were available for battery charging without the use of additional battery chargers. The SRM windings and associated converter circuit were used to create a three-channel intermittent boost converter with power factor adjustment capacity for charging the traction battery. To recharge the extra batteries from the motor or propulsion battery, an incorporated half-bridge impedance DC–DC converter was used, resulting in a higher loss.



Summary


According to the literature mentioned above, the DC–DC converter is the essential component of the PHEV OBC. Currently, DC–DC converters have issues with the lagging leg’s commutation, voltage fluctuations on the transformer’s secondary side, low efficiency, and higher distortion. The higher output voltage of DC–DC converters causes the switching frequency to be significantly wider than the resonance frequency, which naturally increases the power losses. Therefore, the NN–IPSO method, which is utilized to maintain converter operations and stability while using electronic components that consume less power, is presented as a solution to the aforementioned issues.





3. Proposed Method


In the subject of PHEV charging, Neural Networks (NNs) have been frequently used. Traditionally, the classic backpropagation method is used to train Neural Networks. Since this method has some limitations, our NN was trained using Improved Particle Swarm Optimization (IPSO). IPSO is a popular tool for solving a wide range of optimization issues. In contrast to structure, this paper provides a method of control called NN–IPSO for decreasing low-frequency power fluctuations, which are transported to the secondary winding without the use of any external devices. Meanwhile, the converter exchanges the entire power through the series capacitor, so a capacitor with extraordinary capacitance and current management ability is essential. The ability to reduce ripple at the output, reduce switching power losses, enhance power conversion efficiency, and enhance transient and steady-state response are the key benefits of this approach. This research provides an isolated converter that is controlled by NN–IPSO, and proposes using NN–IPSO to control the switching of a bidirectional AC–DC converter. An AC–DC converter using this neural network application includes advantages such as faster switching responsiveness, simpler construction, and a better output waveform. A PWM rectifier switching states or a predictive state observer and controller, such as one based on artificial intelligence, can be used to modify the converter to eliminate switching losses that cause transient circumstances.



3.1. Setup of the Bidirectional Converter


This research describes the isolated portion of the energy supply, and its controller technique depends on switch effectiveness and voltage quantities, which are established cooperatively to accomplish the regulation at the input side. The following elements are included in the suggested design:




	
Integration of the traction inverter with the charging system.



	
Integration of the charging system detector with the motor winding inductance, considerably decreasing the system’s mass. Furthermore, it has little effect on the rotor-side converter or the operation of common EV motors.



	
The capacity to block faults in both directions.



	
The ability to recharge at lower or higher voltages than the voltage supply.



	
The circuit illustration of the isolated converter is displayed in Figure 1.








The functionality of the driving and charging conditions for Figure 1 is demonstrated in [27]. DC power input is represented as a current source that does not supply any power at first. To ensure switching stability, a 4800 F is placed in parallel to the power source, and the monitoring system maintains 230 V across its connections to avoid energy absorption and assure full transmission. The bidirectional converter is made up of three basic phases: DC–AC–DC, DC–AC–DC, and DC–AC–DC. With the use of the intermediate AC stage, a motor winding is used to raise the input voltage to the velocity profiles. The HFT is in charge of creating voltage support, which results in a large modulation index [28]. This configuration links a half-bridge to the motor’s neutral point, with the negative terminal connecting to the anode of the battery. As explained previously, this method only needs a neutral point connection to the motor that can be used with neither synchronous or induction motors. Semi-conductive elements and their associated driver systems are the only additions to a normal EV drivetrain. As a consequence, the incremental weight is almost non-existent. The operations of the converter are described as follows:




	
Whenever the signal is high, the switches S1 and S2 are continuously activated; whenever the voltage is low, the switches S1, and S2 are switched off.



	
This switching method allows the propagation of the antiparallel transistors of the switching devices relating to phase.



	
Similarly, whenever the signal is high, switches S3 and S4 should be engaged; whenever the voltage is low, switches S3 and S4 should be shifted to off; switches S5 and S6 should always be triggered whenever the signal is high; and switches S5 and S6 should always be switched off if the voltage is low.



	
The remaining switches have a 50% duty cycle and a constant current. Only when the topmost bidirectional switch of a half-bridge is fully triggered (with j = 1, 3, or 5), and the voltage of the cycle linked is optimistic, is the voltage level at the winding also optimistic.



	
When the bottom switch (with k = 2, 4, or 6) is fully triggered under identical conditions, the voltage is zero. If the phase voltage is low, the direction of the voltage is the aspect of the voltage in the previous circumstances.



	
Whenever the topmost switch on every limb of the converter is active, the signal applied to the respective winding is also high, and whenever the bottom switch is triggered, it is negligible. If another minimum or maximum switch is turned on at the same time, the voltage supplied to the associated windings is zero. The PHEV uses a battery with a voltage range of 200 V–400 V.









3.2. Block Diagram of the Proposed Method


The block diagram of the on-board charging process is shown in Figure 2. This block consists of a battery, load, converter, motor windings, and the NN–IPSO controller. Initially, the power from the battery charger is used as an input, which is employed for the conversion process; then, the motor winding is placed in between the source and the load to transfer the power. After crossing the motor winding, a DC–DC converter is held to convert the variable DC to fixed DC with the help of the proposed NN–IPSO controller.




3.3. NN Process


Neural Networks are capable of learning on their own and producing output that is not dependent on the input given to them. Instead of being stored in a database, the input is kept in its own networks. As a result, data loss has no impact on how it functions. This research paper deals with the reduction in THD in an isolated converter topology with an Artificial Neural Network technique. This topology consists of inferior blocking voltage differences, and needs a lesser number of power switches and DC voltage sources, resulting in reduced complexity and price for the entire system. The NN was constructed via the backpropagation procedure of the Mean Square Error (MSE) of the preferred rates, and utilized to model composite associations between inputs and outputs, or to discover data designs. The training dataset was created offline by resolving these nonlinear equivalences using the Newton–Raphson technique. To execute this procedure, MATLAB design software was exploited, because its implementation is easier and faster [29]. The set of input ranges was accessible in the NN process, and step-by-step designs were created in the forwarding track to determine the output design. MSE-produced patterns are minimalized by the gradient descent technique, which changes the loads at the time of initiating the output layer. Once the training phase is concluded, the accomplished NN is exploited to produce the control structure of the isolated converter, and correspondingly utilized for the production of ideal switching angles that consume a solitary input neuron served by the variation key, one hidden layer, and two outputs, where each result signifies the respective switching angle.



3.3.1. Particle Swarm Optimization (PSO)


Existing optimization methods have a number of shortcomings, including the fact that they might only find a local optimum, that they struggle to solve convex optimization problems, that they are difficult and challenging to implement appropriately, and that they might be vulnerable to numerical disturbances. When it comes to optimization issues, PSO is the best solution. The nonlinear, non-convex, continuous, discrete, integer-variable types of problems are ideally suited for PSO. The particle swarm optimization (PSO) method has some benefits over previous optimization methods (including metaheuristic methodologies), including simple structure, ease of realization, fewer parameters, and quick convergence. It can address the shortcomings of non-convex and discrete control parameters. Its capacity for global optima can also be enhanced. Consequently, implementing an EV charging and discharging plan is a wise decision. To date, there have been a variety of discrete optimization problems classed as Combinatorial Optimization Difficulties (CODs). One of the versions of PSO is known as Improved PSO, which provides greater benefits for resolving optimization concerns. As a result of the changes, the PSO algorithm works for these diverse types of issues [30]. Velocity is defined as a bit’s ability to reach a value of one. PSO looks to be a better option for increasing distribution system efficiency. As a result, the IPSO method was developed and tested to improve system stability by reducing power losses.



PSO is used to detect cost-effectiveness and ecofriendliness-related difficulties. Here, it is utilized to improve the efficiency of load uncertainties; consequently, the structure chooses the PSO scheme to determine the optimization problems in PHEVs to decrease the power loss and improve the system efficiency.



The position and velocity at the    k  t h     iteration are signified as    X i    k    and    V i    k   , respectively. The    i  t h     particle’s velocity at the iteration   k + 1    is     P i     l b e s t    , which can be estimated using Equation (1):


    V i     k + 1     = ω   ·    V i    k  +  C 1  ·  R 1    (  P i     l b e s t     −  X i    k    ) +  C 2  ·  R 2    (  P i     g l o b a l   −  X i    k  )     



(1)




where    C 1    and    C 2    are training coefficients,     R 1    and    R 2    are random values, and ω is an inertia weight factor that is quantified in Equation (3).


   ω =      ω    m a x     − { (    ω  m a x   −  ω  m i n   ) −      k    m a x   ) } × k   



(2)




where    k  m a x     is the maximum iteration count. Equation (3) expresses the updated particle’s position:


    X i     k + 1   =  X i    k    +  V i     k + 1     



(3)







  S (  V i     k + 1   )   is defined as the logistic transformation that is exploited for achieving the best position, as expressed in Equations (4) and (5):


   S (  V i     k + 1   )   = s i g   m o d   e    V i     k + 1     =  1  1 + exp (  V i     k + 1   )     



(4)






   If   rand   < S (  V i     k + 1   )     then :    X i     k + 1   = 1 ;   



(5)







Else:    X i     k + 1   = 0    .



Where   S (  V i    k  )   is a sigmoid limiting transformation, and its random values are chosen among     0 , 1    , which is denoted as   r a n d  . Equation (6) specifies the fitness function:


   F  t    = √ ∑    V n    2   n  = 3 , 5 , 7   V = 1   



(6)








3.3.2. Improved PSO Parameters


As all particles advance to near    p  b e s t       and    g  b e s t     during the final phase of PSO calculation, their positions are all near to    p  b e s t     and    g  b e s t    , and the final two terms in Equation (3) would also be close to zero. The very first component is likewise close to zero when   ω   is close to    ω  m i n    , which is frequently close to zero, indicating that the velocity variation is constrained. The divergence of position is then likewise constrained. Hence, it is simple to induce the so-called premature convergence issue.



An Improved PSO (IPSO) technique is suggested for this scenario, where the particle’s position is changed to make it easier to explore a global solution in the PSO’s final phase. The procedure’s iteration count is fixed to a set point, such as   i t e r = 0.3 i t e r  , at which point the particle position is shifted to that described in Equations (7) and (8):


   x  i j   k + 1   =  x  i j  k  + α  v  i j   k + 1   −    C 3  + α   ·    f i  −  f  i t e r   m i n      



(7)






  α =  1  1   1 + e x  p    −    f i  −  f  i t e r   m i n              



(8)




where the sigmoid function is  α , the fitness value of the   i t e r   number for the   i t h   particle is    f i   , the minimum fitness value is    f  i t e r   m i n    , and   i = 1 , 2 , . . p  . In Equation (8),  α  is an adjustment coefficient chosen among [0,1]. When    C 3  = − α  , the third term in Equation (7) is 0. If   α ≠ 1  , the second term is smaller than    v  i j   k + 1    . Therefore, the new position of particle    x  i j   k + 1     is required to be minimized. Meanwhile,  x  is restricted among      C 4  ·  x  m i n   ,  x  m a x      , where    C 4  < 1  . In this paper,    C 4    is fixed as 0.9, and    C 3    is fixed as 1. In this paper, the sigmoid function is adopted to enhance the IPSO technique with inertial weight, and applied to the identification of parameter variation in structural systems [31]. As previously stated, the above acceleration coefficient modifications should not be too disruptive. As a result, the maximum increase or decrease in value between two generations is constrained by Equation (9):


      C i    g + 1   −  C i   g    ≤ δ       i = 1 , 2 .   



(9)







The constriction factor is determined as    C i  =    C i     C 1  +  C 2     ,



Where δ is labelled as the “acceleration rate” in the range of [0.05, 0.1].



This article examined an NN-based IPSO that completely covers the undermodulation and overmodulation areas, using square-wave execution. For all switching frequency ranges, the basic idea of PWM was described briefly with quantitative equations. With the data collected via this basic method, the NN–IPSO was trained for several hours to detect the region wherein the standard voltage vector localizes, and to estimate the turn-on duration of the three different vectors, utilizing the modulation index and variable location as inputs. The Simulink/MATLAB software application was used to numerically simulate this NN–IPSO-dependent PWM multilayer inverter circuit setup. This technique is suited for relatively basic technical feasibility, and it can achieve near-linear characteristics while avoiding the use of a lookup table. The increasing advancement of power electronic devices’ duty cycle characteristics necessitates quicker, higher-precision, and cheaper modulation schemes. PWM was the primary method for digital deployments in three-phase converters between and within the switching mechanisms.



The flowchart for the proposed method is illustrated in Figure 3. The network output and subnetworks used in the execution of Pulse-Width Modulation (PWM) can be reduced significantly. As a result, a simulation software framework with a proper system regulator for the vector control system of the drive was built using MATLAB/Simulink and the Neural Network Toolbox, requiring minimal equipment for execution while maintaining network operation. This research presents an isolated converter with PWM pulses, which is operated by NN–IPSO.



	
The NN reduces the computational requirements of the modulation technique and makes the implementation faster.



	
The duty cycle of the PWM signal is independent of the carrier signal voltages and frequencies.



	
For the training process, the NN obtains the input voltage, capacitors [32], and load demand.



	
After receiving the input, the NN generates an output voltage whose value corresponds to the duty cycle of the PWM signal input. The inverse proportionality principle states that if an inverter receives a periodic input signal—such as a clock—its average output voltage will be inversely proportional to the input signal’s duty cycle.



	
If the condition is YES, the NN obtains the reference vector’s amplitude and angle to determine the duty cycles of various space vectors that can be utilized to create PWM pulses to drive the converter.



	
If the condition is NO, the duty cycle of the input signal is once again processed in the training section to update the duty cycle value.



	
The output duty cycle of the NN is given as input to IPSO to update the velocity and position.



	
While evaluating the fitness values of IPSO, the duty cycle value is updated, and is given as the switching pulse for the converter.







3.3.3. Steps for Generating the Switching Pulse


	
For a particular modulation index, NN–IPSO has been effectively applied in electronic systems circuitry to produce the appropriate switching frequency of a PWM inverter.



	
It accepts the standard vector’s magnitude and position to estimate the duty cycles of multiple space vectors in industrial domains that can be used to generate PWM pulses for conversion operation.



	
The amplitude of the output voltage is minimally affected by even substantial departures from the ideal switching pattern. Since notch angles continue to coincide, this is a useful characteristic.



	
As a result, the Neural Network’s converter may only be designed to reliably recreate the ideal switching angles within the modulation index range from 0 to 0.95.



	
The inverter must be adjusted to vary the size and frequency of the AC output voltage, because the DC bus voltage must be constant.



	
The analysis of the two voltage waveforms is the fundamental premise of PWM—a changeable voltage with the same frequencies as the inverter, known as the reference voltage, and a high-frequency signal with a triangular waveform, known as the carrier voltage.



	
The amplitude of the triangular carrier waveform is fixed. The reference constant valuation magnitude can be modified.



	
The inverter output frequency is just like the standard square wave; the standard wave frequency can be changed to modify the inverter output frequencies. The entire switching frequency is still substantial in the PWM output waveform.



	
The number of pulses used every half-cycle determines the sequence of harmonics in the PWM waveform.



	
PWM provides more capability in terms of THD reduction, dimension and cost savings, and extra operational characteristics of the inverter, including active filtering and reactive power management.









4. Results and Discussion


Battery chargers are among the most essential aspects of the broad adoption of electric vehicles, and their properties have an impact on battery capacity and recharging time. The charger should be quite efficient, inexpensive, and put a low strain on the system. High power factor correction is necessary, and switching device power dissipation should be kept to a minimum. Single-stage chargers are available for off-board and on-board use. Essentially, these are motor traction circuits that can be used as battery chargers. To achieve outstanding efficiency, an isolated setup design must be constructed by eliminating an interval using the more practical high-frequency converter. Isolated topologies demand more supplementary elements and components than non-isolated forms. The switching frequency of the EV model is taken as 8 kHz. The complete Simulink illustration of the NN–IPSO technique is presented in Figure 4. The stipulations of the battery-operated systems are specified in Table 1.



Figure 5 shows the performance analysis of voltage, SOC, and current waveforms for the NN–IPSO controller. The converters must provide high-quality and reliable voltage to avoid the degradation of the expensive equipment for voltage regulation. This study presents a computational method for predicting several inverter designs to determine the best converter organization for battery appearance. The battery’s SOC estimate safeguards the system against unanticipated disruptions, and prevents the batteries from becoming overcharged or drained, which could damage the batteries’ internal prearrangement.



Table 2 compares the results of several switching states in terms of THD, power loss, and efficiency. In terms of multiple limitations, the proposed isolated converter was compared to the various controllers described above. From Table 2, it is clear that the proposed NN–IPSO outperforms existing controllers in terms of THD, efficiency, and power loss. Additionally, it offers more flexibility on the load side, with a lower voltage waveform and acceptable charging conditions. The controls–filters list in the PLECS material library contains blocks that could be used to calculate power loss. Averaged conduction, switching, and total losses (via a sum block) could be accurately demonstrated by delivering the proper loss signals to such blocks from a semiconductor utilizing PLECS probe components. Those blocks were used for the calculation of losses in this research.



Figure 6 displays the THD calculations carried out in MATLAB. Table 3 clearly indicates that the achieved THD of the proposed NN–IPSO was 3.69%, which is less than that of existing methods. The DC link voltage does not have to be increased above the input voltage in the design procedure. In the second phase, the recommended charger layout can keep the DC–DC [33,34] converter’s efficiency as high as necessary for achieving an ultrawide output voltage range. The developed converter can charge the battery pack at 100 V and 420 V using DC link voltage management while preserving high capacitance, a close-to-unity power factor, and low THD.



Efficiency is calculated through PLECS (Piecewise Linear Electrical Circuit Simulation) control, in which the circuit elements function within their necessary boundaries. Every block in the Semiconductor Devices library has an internal parameter that reflects the block’s instantaneous power dissipation. Only the real power that the block dissipates is included in this instantaneous dissipated power. The power dissipated by the block over time is represented by the time-value series for this parameter whenever we log the simulation results. As a result, this efficiency function is used to determine the circuit’s efficiency based on the losses for blocks with a power-dissipated parameter. Figure 7 shows the efficiency calculation for different methods, and indicates that the efficiency value for the proposed NN–IPSO method is 99.89%.



PLECS does not quite expose the thermal losses connected to the electrical domain, because the switching losses are introduced as energy impulses in zero-time. Instead, it employs the most recent junction temperature information to compute fresh thermal losses. As a result, when employing the thermal domain, the only valid computation for efficiency is to subtract the thermal losses from the power supply to predict an imbalance between a primarily electrically calculated efficiency and a recognized technique that includes ohmic losses in the switch components (on-resistances), and to attempt to evaluate the energy while including all electrical losses due to resistances in the passive elements. Figure 8 shows the efficiency value of the proposed NN–IPSO. Figure 9 shows the zoom view of the efficiency graph. An on-board PHEV battery pack depending on an isolated converter architecture is suggested in this paper. To improve the charger’s switching efficacy, the best performance for the converter design is used.



Figure 10 shows the performance analysis of power loss calculation for different methods. Figure 10 shows that the proposed NN–IPSO produced a power loss of 0.083 kW, which is less than that of existing methods. The suggested design can recharge battery packs that are highly exhausted, with voltages as low as 100 V. This design has the potential to raise and lower the input voltage that can be used in the front-end power conversion phase. In PFC applications, both steady-state assessment and AC small-signal modeling of the structure are removed. The CCM procedure is confirmed using method factors, and the voltage and current fluctuations are carefully considered. The isolated converter and inverter stages of a charger are intended to validate the evidence of perception. The computational results show that the suggested charger can support a wide voltage range while keeping the converter functioning at the preferred efficiency level.



Comparative Analysis


In [25], for the front-end converter, a quadratic RI control method is used, which recognizes a power factor nearer to one in the commutation period at varying load outputs. The RI control method completely depends upon multiphase types of machinery, and needs to be logged onto isolated plugs of engine windings. The power loss of the traction machine is incorporated with proficiency, which is much less than that of the proposed NN–IPSO. The incorporated SRM topology in [26] required additional constituents—for example, a converter or a diode bridge rectifier. The converter and rectifier are the essential parts of the non-integrated OBC design. The size and cost of the proposed charger are less than those of the remaining battery chargers [35]; subsequently, no other additional constituents are essential for the proposed charger topology. Figure 11 shows the THD analysis for the proposed on-board integrated charger with NN–IPSO. Table 3 clearly shows a comparison table of the existing methods.



Figure 12 shows the comparative analysis of efficiency and THD. Figure 12 clearly shows that the effectiveness of the proposed NN–IPSO is better than that of the existing SRM power train [26] and RI control methods [25] in terms of efficiency and THD. The electromagnetic connection of multiphase equipment affects the power factor due to the effectiveness of the proposed NN–IPSO, which is greater than that of the existing SRM power train [26] and RI control methods [25]. The THD of the proposed converter is less than that of the other existing methods. Even though the motor impedance values for different integrated stations differ, the integrated charger has the same charging appearance when using the recommended control method.





5. Conclusions


Generally, the traditional chargers operate only in charging mode to accomplish extra modes of PHEV, so a distinct topology of the converter is required to decrease the burden and losses. To improve the effectiveness of driving cars, the motor–generator combination might work together in a variety of ways. The proposed converter design not only enables the use of batteries at a cheaper price, but also offers the opportunity of controlling the inverter’s output to reduce system inefficiencies. From the outcomes, the efficiency and reliability parameters are employed to determine the most reliable topology with the least power loss when compared with existing topologies. Moreover, the proposed method divides the battery sequence and increases the functionality at high voltages. The simulation results were developed in MATLAB to demonstrate the suggested topology’s performance in battery-connected applications. The proposed NN–IPSO with an isolated converter delivers minimum losses of around 0.047 KW, an efficiency of 99.823%, and THD of 3.69%, making it substantially superior to the remaining converters. As a result, the recommended NN–IPSO topology with the isolated converter was chosen as the optimal architecture for on-board battery charger operations. The network has finished training when the error on the sample is decreased to a specific value, so it does not produce the best outcomes. Furthermore, the proposed converter can be used in AC–DC microgrids, which means that a small portion of the low-voltage distribution systems are located far from power-generating stations and linked to electricity grids via the point of common coupling. Therefore, in the future, numerous optimization approaches—such as Reptile Search Optimization or Firebug Swarm Optimization—will be used to extend this topology for various application scenarios.
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Figure 1. Circuit diagram of the bidirectional converter. 
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Figure 2. General block diagram of the battery-based converter. 
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Figure 3. Flowchart of the proposed method. 
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Figure 4. Simulink model for the NN–IPSO controller. 
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Figure 5. Performance analysis of voltage, SOC, and current waveforms for the Neural Network–Improved Particle Swarm Optimization (NN–IPSO) controller. 
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Figure 6. Comparison of Total Harmonic Distortion. 
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Figure 7. Performance analysis of efficiency. 
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Figure 8. Efficiency of Neural Network–Improved Particle Swarm Optimization (NN–IPSO). 
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Figure 9. Zoom view of efficiency. 
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Figure 10. Power loss performance. 
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Figure 11. Performance of fast Fourier transform analysis. 
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Figure 12. Comparative analysis of existing methods [25,26]. 
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Table 1. Specifications of the isolated converter.
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	Components
	Ratings





	Battery voltage
	  230   V  



	Capacitance C1, C2

Inductance L1, L2
	   220   mF   

   47   mH   



	DC voltage
	  260   V  



	Flux linkage
	   0.6    V s    



	Resistance
	   95   m Ω   



	Rotational friction coefficient
	   0.1   Nms / rad   



	Rotational inertia
	   0.767   kgm   



	Switching frequency
	   10   kHz   
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Table 2. Performance of various controllers.
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	Isolated Topology
	THD %
	Efficiency %
	Power Loss (KW)





	PSO controller
	7.28
	94.10
	0.163



	IPSO controller
	6.13
	95.12
	0.129



	NN controller
	5.42
	97.38
	0.105



	NN–PSO controller
	4.46
	99.81
	0.091



	Proposed NN–IPSO controller
	3.69
	99.89
	0.083
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Table 3. Comparison table of existing methods.
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	Performance
	SRM Power Train [26]
	RI Control Method [25]
	Proposed NN–IPSO





	Efficiency
	92.2
	96.5
	99.89



	THD
	4.95
	-
	3.69
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