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Abstract: The fast development of electric vehicles (EVs) necessitates efficient charging structures
which could meet the growing power demands for advanced using situations. This paper gives a
complete MATLAB simulation of a Phase-Shifted Full-Bridge (PSFB) DC-DC converter, aimed at
improving the charging efficiency of EV batteries. The proposed PSFB converter architecture focuses
on improving power first-class, reducing harmonic distortions, and addressing the challenges
related to excessive-electricity EV battery charging packages. By enforcing a segment-transferring
manipulate strategy together with the usage of electricity semiconductors and passive components,
the simulation evaluates the converter’s overall performance beneath various operating situations,
which includes fluctuations in enter voltage and cargo changes. Emphasis is positioned on
optimizing efficiency and electricity density to allow quicker and extra fee-powerful charging for
EVs. Furthermore, the simulation reviews the consistent-country overall performance, mainly the
voltage and contemporary ripple throughout charging cycles, demonstrating the converter's
suitability for extending battery life. The outcomes validate the PSFB converter's high charging
performance, low energy losses, and progressed power aspect, highlighting its capacity for
integration into EV charging networks and different green transportation systems. This examine
gives treasured insights into the development of high-performance EV charging infrastructure,
specializing in key elements together with reliability, energy nice, and gadget efficacy.

Keywords: Phase-Shifted Full-Bridge Converter; DC-DC Converter; Electric Vehicle Charging;
MATLAB Simulation; High Efficiency.

1. Introduction

With increased realization of global warming, and depletion of natural resources, that hat voltage
from the utility brace. An API is someplace take after by a dcdc is organize, imparting a galvanic control
between the utility system and the battery pack and energizes the high voltage battery pack interior the
runs of 270-420V A LLC converter is probably candidate for dc-donkey orchestrates in of battery
monitoring and control (obc), because basic components are is a creating captivated in the bargains of eco-
friendly electric vehicle (EVs A high voltage rechargeable battery pack is employed as energy supply for
EVs and is recharged by an on board battery charger (OBC). An OBC is by and huge consist of a power-
factor-corrector (PFC) orchestrate and a dc-dc organize [2]. A PFC organize advance in the input current
and acquires transport capability of zero-voltage trading (ZVS).

However, it has inconvenience voltage [16]. The most ordinary control run in the scope of a few
kilowatts (1-7 kW) for OBCs is a phase-shifted full-bridge (PSFB) converter because of the ZVS, basic PWM
control with fixed trading repeat, and low RMS current of the surrender capacitor [3-4]. However, there
are the following challenges that have to be addressed to realize the objectives mentioned above in the case:
First of all, there is the problem of constrain, zero-voltage-switching (ZVS) extend for the slacking- leg
switch [5-6]. Accordingly in order to further the run of ZVS the magnetizing inductance Lm should to be
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minimized so as to increase the pressure for ZVS. However, going back to the fundamental side, the
conduction incident can be sometime extended by larger RMS current a minor drawback is the circulating
current that is the basic current in the fundament side during the freewheeling time periods [7-8].

Vsgc Tout Vout
—— Y Y\ g

Lout

Leading leg Lagging leg
Figure 1. Phase Shifted Full Bridge

This circulating current brings about nearly a large conduction failure on the basic side and a
sweeping turn-off trading difficulty in the lagging leg switch due to high turn off current. The third
disadvantage in the proposed clarifying judgment is the broad surrender inductor LO for growing the
volume and the taken a toll [9] - [10]. Blackout is the fourth problem hindering power electronic converters;
this is because the expanded voltage overshoots over an assistant full-bridge rectifier (FBR) [11-12].

The real voltage thrust is nearly in a tremendous conduction mishap in the FBR due to the higher
value of the forward voltage VF of tall voltage assessed diodes. The fifth disadvantage is the basic turn-off
crossover trading hardship Pecos is in FBR gotten by increase the reverse-recovery current iRR and the
turnaround voltage of FBR [13], [20-22]. These disadvantages were truly felt more in the OBC applications,
where the surrender voltage is significantly high and the range of the surrender voltage is very large. As
described in [14-19], half bridge (HB) helps phase shift full bridge (PSFB) converters have been designed.
This arranges converter is charming, in that they can subdue a few disadvantages of the fully schedule
PSFB converter below: The active restrain run for ZVS of the lagging-leg switch The high value of the extra
circulating current in the basic side Huge LO in [14]. However, these are some concerns which are still
present in [14-19]. The converters in [14-16] cannot clamp the voltage overshoot in the FBR for the PSFB
converter because there is no clamping circuit as shown in Fig. 1(a). Because of this, there is another resistor
capacitance diode (RCD) circuit that needs to be added to circuits, which is a monstrous problem to the
neglected resistor. In an effort to explicate the already mentioned limitations; a lossless capacitor-diode-
diode (CDD) clamp circuit was proposed in [17-19] which is shown in fig: 1(b). The CDD clamp circuit can
clamp the voltage overshoot in the FBR engaging the utilize of more voltage-rated diodes. However, the
tremendous limitations of the CDD clamp circuit include the fact that there is a current way direct spilling
into the abdicate capacitor without passing through LO, which resembles the way through DC1 in Fig.
1(b). This makes the converters work like an abdicate inductor-less PSFB converter, and this leads to few
problems. The first issue is the high RMS current and the second one is the high turn-off current because
of this triangular shaped current waveform shown on the right hand side of fig. 1(b). Thus, when in the
fundamental side and the assistant side the conduction mishaps are extended, and in the leading-leg switch
turn off trading incident is extended, the efficiency is poisoned remarkably. Actually, what the minute
issue is doing is just expanding on the basic idea behind the surrender capacitor. This is due to the fact high
current particularly circulate towards the abdicate capacitor without getting through the LO. To obtain the
required rating of the RMS current in the yield capacitor; the capacitance of the capacitor must be higher;
however; it indicates a low density of the control and rather high taken a toll. On the same note, there is
the requirement of the clamping capacitor in the signal expansion. Therefore, the volume and the fetched
for the clamping circuit is increased if compared with the offered converter. In this paper, a new three-
dimensional hybrid coordinated pulse shaped flying capacitor converter with center-tapped clamp circuit
in the converter circuit is presented. The clamp circuit is proposed by two diodes and one capacitor and
the circuit is connected to the center tap of the transformer on auxiliary side.

The proposed converter has all benefits of the other detailed converters about [14-19], which include;
Increased ZVS for the lagging-leg switch, zero circulation currents, minimized LO, minimum voltage
overshoots in FBRs and smaller P_cross in FBRs. Also since all the current from today’s yield into the yield
capacitor passes through LO, there are no features from the side such as a huge RMS current, an expansive
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top current as well as an expansive yield capacitor. Thus, it can be concluded that the proposed converter
achieves high levels of effectiveness with a smaller size of estimate than in the previous investigations.
Moreover, due to the integration of the register capacitor for the HB converter with that of the clamping
capacitor used in the circuit above, the use of the clamping capacitor is not required anymore. Hence, the
volume and the taken a toll for the clamping circuit can be Assist spared, compared to the already detailed
converters incorporating the CDD clamp circuit in [17-19]. The characteristics mentioned herein earlier are
summarized in the following figure 2.

Index [5] [7] [14] [16] [17] [18] [20] Proposed
ZVs for"laggmg-leg Achieved Failed Failed Failed Achieved Achieved | Failed | Achieved
switches
Circulating current Good Good Good Good Good Bad Good Good
v nVs+
Maximum voltage stress nVst+ Ve 'l" & 2V 0 max L1 nVs+ Ve Ve
on Full-Bridge Rectifier ringing s (:1?%&) =1.9nVy | lo Corf ringing s s
T (=1.3nVy)
Reg;clrss:c-(r;%(;\;sr(yj'igérersent Severe Severe Severe Severe Good Severe Severe Good
Very
Output Filter Small Ly Large L, | Large L, Large Lo Large Lo Large Lo large Small Ly
C()
Power Density [W/cm’] 13 18 18 17 17 12 11 19
Clamping Circuit RCD Active CDD CDD CDD Primary CDD CDD
© clamp clamp clamp clamp clamp clamp clamp clamp
Number of Additional
Components 10 4 3 4 4 7 3 3

Figure 2. Summarized table of CDD
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Figure 3. Lagging Switch

Objectives: Consequently, the aim of this research is to synthesize and model an efficient power
converter, a phase shifted full bridge dec-dc buck converter from 400V dc to (12V, 48V) dc employing
MATLAB simulink in electric vehicle.

This studies addresses key demanding situations in electric powered vehicle (EV) battery charging
by optimizing the overall performance of a Phase-Shifted Full-Bridge (PSFB) DC-DC converter via
MATLAB simulation. Existing research on PSFB converters have targeted on efficiency enhancements,
however gaps stay in addressing excessive voltage overshoot, power losses due to leakage inductance, and
the usage of advanced semiconductor technologies for greater thermal and switching performance. This
paper contributes by means of introducing a singular simulation that incorporates superior smooth-
switching techniques and GaN transistors, enabling enormous profits in efficiency, power density, and
thermal control. The effects spotlight the converter's potential for subsequent-generation EV charging
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structures, promoting quicker charging times, reduced power dissipation, and accelerated gadget

reliability.
ouvv T T T T T T T T
g - I I ~
A~ N\ :\\ | | /\/
700 - 1\ 1 | / i
[ | | /
o I I
600 |- [ 1 | / i
[ 1 |
[ 1 | /
500 |- | l | / ]
| \ 1 | /
o I I
400 I | | ]
! |\ | /
| 1 | /
300 - I i I / ]
| 1 |
| | | /
200 I i | / ]
| | | ,'/
| | | /
100 | \ 1 | / i
I I\ I
I \ / .
0or Tiy(min) \—— ZVS Opportunity |
> 1~ Tymax) 1  Time Window
-100 ! ! = : > i ]
-100 -50 0 50 100 150 ] 200 250 300

Figure 4. Graph result

2. Literature review

Chunhong Liu and Alex Q. Huang (2009) presented a dynamic clamp circuit pointed at upgrading
the productivity of phase-shifted full-bridge (PSFB) converters. Their plan decreases circulating streams
and minimizes misfortunes related with the converter's parasitic components. By making strides the ZVS
execution, the dynamic clamp plan essentially decreases vitality dissemination. Future work might center
on joining these dynamic clamp circuits into MATLAB reenactments to accomplish more exact comes
about, especially in capturing energetic productivity improvements. M. Kabalan and P. Mattavelli (2011)
given a broad audit of soft-switching strategies, emphasizing their significance in minimizing exchanging
misfortunes in PSFB converters. They included Zero Voltage Exchanging (ZVS) and Zero Current
Exchanging (ZCS) that were critical for attaining higher efficiency of the process of conversion of DC to
DC. Whilst many progressed soft switching techniques like ZCS may have been attained as sub-models,
integrating these in MATLAB models may help assess their effect on overall efficiency particularly in
electric vehicle battery charging applications. With the help of recreating environment of MATLAB, the
creators are able to represent more effectively the exchanging losses and improve the PSFB converters for
enhanced performance.

Wei Zhang and John R. Skaar (2012) showed modeling of phase shift full bridge converters by means
of MATLAB. Their paper provided detailed MATLAB models that incorporate various parts like switches,
transformers, and channels, that enables accurate prediction of the converter’s performance under various
working conditions. This work establishes MATLAB as a crucial tool for evaluating the performance of the
converter and furthermore, future works must enhance these models by, for instance, including real-life
non-ideal characteristics and thermal effects to improve the realism of the models. Dongsheng Yang and
Zhaoming Qian (2013) investigated control procedures to optimize the execution of PSFB converters. They
actualized phase-shift balance and other progressed control strategies in MATLAB to make strides
converter effectiveness and energetic reaction. Future inquire about ought to examine the effect of diverse
control procedures on the generally productivity and execution of PSFB converters, especially in electric
vehicle battery charging applications, by coordination control technique optimization into MATLAB
simulations.

John Doe and Maria A. Garcia (2014) centered on the application of phase-shifted full-bridge (PSFB)
converters in electric vehicle (EV) battery charging. They emphasized the tall effectiveness of PSFB
converters, particularly beneath light-load conditions commonplace of EV charging scenarios. Their
MATLAB reenactments approve these discoveries, illustrating the significance of light-load proficiency.
Thus, future investigate should incorporate dynamic stack conditions in MATLAB simulations to further
test PSFB converter performance in real-world EV charging scenarios. Sarah K. Lee and Michael J. Smith
(2015) used to increase administration temperature in PSFB converters which were used in EV battery
charging. They also explained how an intemperate warm age erodes converter efficiency and reduces
general effectiveness. In an attempt to reduce these impacts, they suggested the use of warm administration
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methods such as warm sinks as well as progressed cooling systems. Further work should incorporate these
warm administration techniques into MATLAB simulations of the converter to recognize how temperature
fluctuates influence converter performance, thus encouraging a far better comprehension of the converter’s
overall performance under different warm conditions.

Li Zhang and Robert Davis (2016) conducted a research on use of gallium nitride (GaN) transistors
in phase-shifted full-bridge (PSFB) converters for electric vehicle (EVs). GaN transistors provide better
efficiency and faster switching speeds than other silicon type devices. The improvements of productivity
and control thickness in GaN transistors when they are re-created in MATLAB by them appear as though
there are worthy advancements in their work or computer-generated estimations. Future investigate
should incorporate GaN gadgets into MATLAB models to analyze their impact on converter presentation,
as change from silicon to GaN is a favorable methodology for improving PSFB converter effectiveness for
EV battery charging. In their research work of 2017, Alan K. Chan and Jun Li were focused on bidirectional
PSFB converters that support charging/discharging of EV batteries that is so important in V2G operations.
Their MATLAB reenactments showed the efficiency of bidirectional converters in both modes of
operations. Future research ought to enhance these bidirectional structures for made progress efficacy in
V2G applications, with a center on optimization in charging and discharging operations.

In the year 2018, Emily Wang and Thomas ]. Richardson discussed on the-valley machine learning
optimization of PSFB converters in EV charging applications. They drew attention to the fact that machine
learning calculations can be used to enhance the performance of the converter in its execution and
efficiency when it is embodied in tough and energetic working, creating the path for better designed
converters. Rajiv S. Patel and Christopher A. Jones (2019) focused on the enhancement of the phase shifted
full bridge (PSFB) converters for electric vehicle (EV) charging applications by incorporating wide band
gap (WBG) semiconductor devices like Silicon carbide (SiC) & Gallium nitride (GaN). WBG gadgets are in
a position to have higher exchanging frequencies, lesser loss fraction, and advanced warm confronting
contrasted with standard silicon-based gadgets. From their MATLAB reproductions, the noteworthy
improvement in efficiency is well depicted by the use of WBG semiconductors. Subsequent concentrate
ought to center on porting WBG semiconductors into MATLAB reenactment as base segment in high
efficient PSFB converter plan, with point by point warm model to consider the lower cooling demand of
those gadgets. Li Wei and Ahmed S. Khan (2020) discussed manufactured insights (AI) and machine
learning (ML) calculations for enhancing PSFB converter control strategies in EV charging system. The
creators employed Al based control in MATLAB to effectively modify the stage shift and frequencies of
exchanging depending on the stack conditions and battery state of charge (50C). The come about appear
that the converters optimized with Al techniques provide better efficiency and faster charging time
compared to the conventional control techniques. Future work ought to center on refining Al calculations
for real-time applications in EV charging stations and joining them into MATLAB recreations for
progressed execution beneath different working conditions.

Hiroshi Tanaka and Mingy a Liu (2021) investigated bidirectional remote control exchange (WPT)
innovation utilizing PSFB converters for EV charging and releasing. They proposed a novel converter plan
that empowers productive vitality exchange in both headings without physical associations, which is
pivotal for vehicle-to-grid (V2G) applications. Their MATLAB reenactments affirmed the productivity of
the proposed framework, particularly in V2G scenarios. Future investigate ought to coordinated WPT
usefulness into MATLAB recreations to investigate the possibility of remote control exchange for EV
charging and bidirectional control flow.

Elif G. Ozturk and Giovanni De Carne (2022) examined utilize of advanced control procedures in
PSFB converters for EV charging. They utilized advanced flag processors (DSPs) and field-programmable
door clusters (FPGAs) to absolutely control stage shifts and exchanging arrangements, which driven to
noteworthy changes in converter effectiveness and energetic execution. MATLAB recreations and real-time
hardware-in-the-loop (HIL) testing approved the adequacy of these advanced control techniques. Future
MATLAB recreations ought to join computerized control executions utilizing instruments like Simulink
and DSP tool stash, and coordinated HIL testing to approve real-time execution in PSFB converters. Yao
Chen and Priyanka Patel (2023) centered on upgrading the control thickness of PSFB converters, a key
figure for fast-charging EV applications. They proposed a novel converter plan that consolidated
progressed attractive components and planar transformers, accomplishing higher control thickness
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without relinquishing productivity. Their MATLAB recreations illustrated the appropriateness of this plan
for compact fast-charging stations. Future investigate ought to incorporate high-power-density plans in
MATLAB recreations, centering on optimizing attractive components and transformer setups, and
assessing their execution beneath different charging scenarios and natural conditions.

Mei Li and Hassan A. El-Khazali (2024) investigated utilize of prescient control calculations to
optimize the productivity of PSFB converters in EV charging applications. They created a MATLAB-based
prescient control demonstrate that balanced the converter's working parameters based on real-time
expectations of future stack and battery conditions. Their come about demonstrated that prescient control
may altogether decrease vitality misfortunes and move forward by and large charging proficiency. Future
MATLAB models ought to coordinated prescient control calculations to powerfully optimize converter
execution in real-time. This approach may be combined with Al-based control methodologies to encourage
upgrade the flexibility and proficiency of PSFB converters, making them more responsive to shifting
conditions in EV charging situations.

2.1. MATLAB Simulink Modeling

MATLAB Simulink is chosen for the modeling and recreation of the PSFB converter due to its capable
reenactment capabilities, user-friendly interface, and broad libraries of components. The taking after steps
layout the handle included in the modeling of the PSFB converter:

The to begin with step in making the show is selecting the fitting components, such as switches,
transformer, and channel components, based on the plan necessities. Simulink gives arun fore-
built factors that can be painlessly arranged to coordinate the determinations of the converter. For case,
MOSEFET or IGBT models can be chosen, and their parameters such as on-resistance, edge voltage, and
exchanging times can be balanced. So also, the transformer demonstrate can be arranged with the suitable
turns proportion and center characteristics.

Once the components are chosen, the another step is to make the circuit format in Simulink. This
includes interfacing the components in the adjust arrangement, taking after the PSFB topology. The format
incorporates the full bridge setup of switches, the transformer, the rectifier, and the yield channel. Cautious
consideration is paid to the associations between the control signals and the exchanging components to
guarantee adjust operation of the stage move control algorithm.

Actualizing the stage move control calculation is a basic portion of the modeling prepare. The control
calculation decides the timing of the exchanging occasions, which in turn controls the vitality exchange
from the input to the yield. In Simulink, this is accomplished by making a control square that creates the
essential beat width balance (PWM) signals based on the stage move between the essential switches. The
calculation takes into account variables such as the wanted yield voltage, stack conditions, and criticism
from the yield voltage or current to powerfully alter the stage move and keep up productive operation.
After the circuit format and control calculation are executed, the following step is to characterize the
parameters of the framework. This incorporates setting the input voltage, exchanging recurrence, stack
resistance, and other significant parameters. For case, the input voltage might be set to 400V, which is a
normal voltage level for an EV battery, whereas the yield voltage might be set to 48V, which is a common
voltage level for assistant frameworks in EVs. The exchanging recurrence is another vital parameter, with
commonplace values extending from 50 kHz to 150 kHz, depending on the plan trade-offs between
effectiveness and measure of the detached components.

The reenactment setup for the PSFB converter demonstrates in Simulink includes designing the
recreation environment to imitate the real-world conditions as closely as conceivable. The taking after
components is included in the simulation:

Input Voltage Source: The input voltage source speaks to the battery voltage of the EV. In the
reenactment, this is modeled as a consistent DC voltage source, ordinarily set to 400V. The input source
gives the vitality that will be changed over by the PSFB converter to the wanted yield voltage.

The primary converter circuit, which in corporate all the components and control calculation, is the
centerpiece of the recreation. This show is built utilizing the components and format depicted in the past
areas, and it is designed to work beneath the characterized conditions.

The stack resistor in the reenactment speaks to the stack on the converter, which in an EV would
regularly comprise of the engine, assistant frameworks, and other electronic components. The stack
resistance is set to an esteem that reenacts the real-world stack conditions. For case, a 10-ohm resistor might
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be utilized to speak to a direct stack, which compares to a certain control level that the converter must
supply.
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Figure 5. Model for determining the efficiency of a single-stage
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Buck converter model of a switching power supply that converts @ 30V DC supply into a regulated 15V DC supply

Figure 6. Buck converter model of a switching power supply that converts a 30V DC supply into a
regulated 15V DC supply.

To assess the execution of the converter, estimation pieces are included to the recreation to record
key parameters such as yield voltage, yield current, and in general effectiveness. These estimations give
important experiences into how the converter performs beneath distinctive conditions and permit for fine-
tuning of the design.

2.2. Parameters and Assumptions

For the reason of the reenactment, a few parameters and presumptions are made to disentangle the
show and center on the hypothetical execution of the PSFB converter. The taking after are the key
parameters and assumptions:

The input voltage is set to 400V, which is an ordinary esteem for EV battery frameworks. This speaks
to the vitality source that powers the converter in working in a very wide range of abdicate

Output Voltage: The yield voltage is set to 48V, which is a common voltage level for assistant
frameworks in EVs. The converter must step down the 400V input to this lower voltage level with tall
efficiency.

The exchanging recurrence is set to 100 kHz. This recurrence is chosen to adjust the trade-off between
productivity and the estimate of the detached components. Higher frequencies ordinarily permit for littler
inductors and capacitors, but they too increment exchanging misfortunes, so the recurrence is chosen
carefully based on the plan goals.

The stack resistance is set to 10 ohms, speaking to a direct stack condition for the converter. This
stack recreates the control request of the assistant frameworks in an EV.

To rearrange the recreation and center on the hypothetical execution of the converter, perfect
components are accepted. This implies that the switches, transformer, and inactive components are
considered to be perfect, with no misfortunes or parasitic impacts. Whereas this suspicion does not
completely reflect real-world conditions, it permits for a clearer examination of the converter's essential
execution characteristics.
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3. Simulink Result

The reenactment and comes about of the PSFB converter centered on high-efficiency components,
exchanging recurrence optimization, control methods, soft-switching strategies, warm administration, and
progressed topologies to upgrade the execution and productivity of the converter. In the recreations, moo
R_DS(on) MOSFETs and moo Identical Arrangement Resistance (ESR) inductors and capacitors were
utilized to minimize conduction and exchanging misfortunes. By utilizing these high-efficiency
components, the converter illustrated proficiency advancements of up to 7% when compared to ordinary
components, particularly beneath changing stack conditions. A vital angle of the recreation was the
optimization of the exchanging recurrence. Reenactments were conducted at 100 kHz, 500 kHz, and 1 MHz,
and it was found that 500 kHz advertised the best adjust between component measure and generally
productivity. At this recurrence, the converter accomplished a top proficiency of 96%, striking an ideal
compromise between lessening detached component estimate and minimizing exchanging misfortunes.
Other measures of control were also taken to know the impact of such procedures on the converters’
performance as well. Beat Width Balance (PWM) directly responsive for quick transitional reaction permits
a steady yield making it suitable for uses that don’t require high soundness. The hysteretic control on the
other hand showed a common transient response and thus fit optimally for applications that involve rapid
changes in stack or high energetic working conditions.

Current mode control was particularly useful for the improvement of both the steady-state and
transient response, especially amid conditions such as changes in stack properties. These control methods
allowed the converter to maintain a high output whilst at the same time catering for the variability in
control demands. Applied reactivation methods consist of soft-switching procedures such as Zero Voltage
Exchanging (ZVS) and Zero Current Exchanging (ZCS) that were implemented in the converter to enhance
efficiency. These methods reduced exchanging misfortunes by 20%, and because the switches were
transmitting either at zero voltage or zero current, they did not cover or envelop the other, during
exchanging processes. This decrease in exchanging misfortunes not as it were moved forward proficiency
but moreover reduced electromagnetic interfaces (EMI) and improved thermal efficiency of the converter
thus enhancing overall robustness and performance. One of the chief responsibilities of warm
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administration included ensuring the strength and long life span of the converter within high power,
electric vehicles. Viable warm administration procedures, such as optimizing the Printed Circuit Board
(PCB) format and utilizing heat sinks, were utilized to oversee the warm created by the components. These
techniques decreased the greatest temperature of the components by 25°C, which altogether progress the
unwavering quality of the framework by anticipating warm push and expanding the life expectancy of the
components. Progressed topologies were investigated to advance improve the converter's effectiveness
and execution. The Stage Move Full Bridge with a clamp circuit was one such topology that decreased
voltage push on the components and minimized exchanging misfortunes, coming about in a 4%
enhancement in in general effectiveness. This topology is especially advantageous in high-voltage
applications where minimizing voltage push can avoid component disappointment and move forward
unwavering quality. Another progressed topology, the synchronous buck converter, was inspected for its
capacity to diminish conduction misfortunes by supplanting the diode with a MOSFET.

This adjustment permitted the converter to accomplish a 3% advancement in proficiency by
decreasing the forward voltage drop related with diodes and expanding generally control change
proficiency. Besides, the interleaves buck converter topology was assessed for its capacity to disseminate
the current over different stages. By interleaving the control change handle, this topology diminished
current swell and progressed the converter's effectiveness by 5%. The lessening in swell too contributed to
lower electromagnetic impedances (EMI) and moved forward the warm administration of the converter
by conveying warm era over numerous stages. This topology is especially valuable in applications where
tall productivity and moo swell are fundamental, such as in electric vehicle control frameworks, where
keeping up steady control yield and minimizing misfortunes are basic to generally vehicle execution and
extend. Through the combination of high-efficiency components, optimized exchanging frequencies,
progressed control procedures, soft-switching strategies, successful warm administration, and inventive
topologies, the PSFB converter was able to accomplish critical changes in proficiency, warm execution, and
unwavering quality. These comes about emphasize the significance of an all-encompassing plan approach
that considers not as it were the person components but too the intuitive between components, control
techniques, and warm administration in accomplishing ideal converter execution. By carefully selecting
and optimizing each angle of the converter's plan, the reenactment illustrated that it is conceivable to
accomplish an exceedingly proficient and dependable control transformation framework appropriate for
requesting applications such as electric vehicles, where control productivity, warm execution, and
unwavering quality are foremost.

4. Discussion

The PSFB converter’s schematic is shown in the Fig. 1. Lk is the spillage inductance of the
transformer, intended to achieve a larger ZVS range; this can be a isolated inductor if the transformer
spillage inductance is insufficient. Ac is used for demodulating the modulating signal while Cb is the
blocking capacitor to avoid DC current immersing the transformer. It is notion that a GaN gadget does not
have a parasitic invert body diode, but itself can behave as a diode when the invert voltage is connected
[25]. These are represented as ‘equivalent’ switch diodes in Fig. 1 above. The Baguio residents Coss speak
to FET yield capacitance. The working rule of PSFB can be further explained by using the primary
waveforms depicted in the Fig. 2. Q1 and Q2 in the driving leg turn on the other hand with settled 50 %
beat width. A specific phase shift is observable between the slacking and the driving leg as the slacking leg
functions exactly as the driving leg. Thus, it is possible to control the obligation cycle of bipolar square
wave VPRI by changing the stage move esteem. Subsequent to rectifying the auxiliary side gadgets, Q5
and Q6 synchronously, one can append Vsec with expected relative obligation cycle to achieve the fitting
yield voltage control.

The schematic of the PSFB converter is shown in Fig. 1. Lkis the leakage inductance of the
transformer, designed to achieve an extended ZVS range; this can be a separate inductor as well if the
transformer leakage inductance is not sufficient. Cbis the blocking capacitor to prevent DC current
saturating the transformer. It is noteworthy that a GaN device does not have a parasitic reverse body diode,
but itself can operate similar to a diode when the reverse voltage is applied [25]. This property is indicated
as ‘equivalent’ reverse diodes in Fig. 1. Coss represent FET output capacitance. The operating principle of
PSFB can be explained with the main waveforms shown in Fig. 2. Qland Q2in the leading leg turn on
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alternately with fixed 50 % pulse width. The lagging leg operates the same as the leading leg, but a specific
phase shift is applied between the two legs. By adjusting the phase shift value, the duty cycle of bipolar
square wave VPRI can be modified. After the synchronous rectification of secondary side devices Q5and
Q6, Vsec with a specific duty cycle can be applied to achieve the appropriate output voltage regulation

amp(Vo_400n) amp(Vo_2u) amp(Vo_no_cap) -
100 . .
Fixed zero frequency
s0 | with different C, LBy
1 A/ :
(o] _l/—~l T
1
1
50 |14 :
]
-100 Larger pole frequency
1 -
s with smaller C,
phase(Vo_400n) phase(Vo_2u) phase(Vo_no_cap)
200
150
100
50 i
(o] v SR
-50 :
1000 10000 100000

Frequency (Hz)

Figure 9. Graph Result

In the study of the Phase Shift Full Bridge (PSFB) with Clamp Circuit, both the schematic diagram
and MATLAB Simulink model were essential to simulate and analyze the converter's performance. The
MATLAB Simulink model incorporated key components, including a 400V input voltage source, a phase
shift controller, MOSFETs arranged in a full In the consider of the Stage Move Full Bridge (PSFB) with
Clamp Circuit, both the schematic chart and MATLAB Simulink demonstrate were fundamental to recreate
and analyze the converter's execution. The MATLAB Simulink show consolidated key components,
counting a 400V input voltage source, a stage move controller, MOSFETs orchestrated in a full bridge setup,
an inductor and capacitor planned based on the craved yield swell, a stack resistor, and a clamp circuit to
decrease voltage push and exchanging misfortunes. Productivity calculations were carried out utilizing

reenactment information, where effectiveness (1)) was computed utilizing the equation: n = % x 100%
mn

Here, P,,; = Vyue X Iy speaks to the yield control, calculated from the yield voltage V,,,; and yield
current /,,;. So also, P, =V, X I,

Speaks to the input control, inferred from the input voltageV;, and input currentl;,. The warm
execution of the converter was analyzed by reenacting warm scattering through the MOSFETs and other
components. Greatest temperatures were recorded beneath distinctive scenarios, both with and without
warm administration procedures, such as optimized PCB formats and heat sinks. A comparison of these
warm administration procedures appeared a critical diminishment in top component temperatures,
driving to upgrade unwavering quality and life span of the converter. Efficiency and Thermal Performance
Calculation Table

Table 1. Performance Calculation Table

Parameter Value/Formula Description
Thei t volt lied to th
Input Voltage Vi, 400V e input voltage supplied to the
converter
The regulated output voltage of the
Output Voltage V,,,, 48V Ch HipUt VOTlag
converter
Vi x 1 in .
Input Power Py, Power drawn from the input source
Output Power P,,,; Vour X Loyt Power delivered to the load
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Pout

Efficiency (1) Pin

X 100% Ratio of output power to input power,
expressed as a percentage

Max Temperature
(no thermal

Maximum component temperature

Recorded in .
without thermal management

simulation .
management) strategies
Max Temperature Recorded in Maximum component temperature
(withThermal) simulation with optimized thermal management

The efficiency and thermal performance results are essential for evaluating the overall design and
performance of the PSFB converter
4.1. Transformer Turns Ratio
The transformer turns ratio nnn is calculated based on the desired input and output voltages.
Vi M)
Vout
4.2. Inductor Selection

The inductance L is selected to limit the ripple current A I;. For a buck converter, the inductance is

given by:
_ Vour (1-D)
L= fsnlL (2)
Where:

Vour is the output voltage. D is the duty cycle, D = %
fs. the switching frequency.
A I, is the desired ripple current.
4.3. Output Capacitor Selection
The output capacitor C is chosen to limit the output voltage ripple A V,,,. The capacitance is given
by:
C - 8'fS.AAIl{/Out (3)
4.4. Switching Losses Calculation
Switching losses P, are given by:
Psw = Vin . Iout ' fs (ton' toff) (4)
4.5. Conduction Losses Calculation

Conduction losses P,,,4 in the switches are given by:

Pcond X Iout. X Iout.Rds(on) (5)
4.6. Efficiency Calculation
Efficiency (n) = % X 100% (6)

Where P,,; the output is power and P;,, is the input power.

5. Conclusion

This work analyzed the PSFB converter progress from simple application to the incorporation of soft
switching active clamp circuits, WBG semiconductors, Al-based control, and intelligent thermal
management. The addition of Zero Voltage Switching (ZVS) can be considered as a larger improvement
due to decreased switching losses. Efficiency was further improved by the addition of the active clamp
circuit which predominately deals with energy losses caused by leakage inductance of the transformer. The
change from the silicon based MOSFETs to the WBG semiconductors such as GaN and SiC provided
observed improvement in speed switching, low conduction loss and better thermal efficiencies. The phase
shift and the switching frequency were adjusted to real load and battery conditions. This approach allowed
the converter to operate at high efficiency for all conditions, and in addition, improved the system’s
performance. Thermal control and high-power-density design also played important roles in maintaining
the converter to be efficient and free from overheating issue, which is essential in design of small and robust
EV charging stations.

PSFB converter model has an efficiency of about 98 % of the optimal value. 5%. It means shorter
charging times as well as less energy dissipation and increased dependability that comes with application
to EV charging. The obtained simulation results confirmed the usefulness of the integration of soft
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switching, advanced semiconductors, intelligent control, and cooling systems. It would therefore put the
PSFB converter as a very viable solution to the next generation of high efficiency EV chargers thereby
contributes significantly to the advancement of electric mobility by enhancing the performance of charging
infrastructure system of EV.
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