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The study aims to evaluate the converter's operation and how to improve
it, and to discuss the performance and behavior of the system in transient
and steady states. Phase shifted full bridge DC-DC Converter (PSFB),
converter is one of the most popular isolated converter, which is widely
used in many applications. So today we are discussing its working, design
and MATLAB simulation. converters are used frequently to step down
high dc voltages to lower voltages. It also provides isolation between input
and output stages. it is major application includes, server power supply,
telecom rectifier, battery charging system and renewable energy systems.
This is the basic structure of a full bridge DC-DC Converter. we have a dc
voltage source at the input. there are the power electronic switches, which
can be either MOSFET or IGBT. this is a high frequency transformer. used
for the isolation between input and output stages. it also provides the
required voltage gain. an inductor is used to limit the output current ripple,
and a capacitor used as the filter to regulate the output voltage. To meet
the necessary demand, in addition to regulating the quality of electrical
power to address the changes and fluctuations in the system caused by
various factors, the output of the converters is enhanced by developing a
model design through simulation to provide the appropriate voltage,
current, and power to cover the required load. Industrial applications are
among the most important industries that employ and use electronic power
converters, including the DC-DC converter, especially the PSFB. Among
these applications are charging systems for storage units in electricity
generation systems from renewable energies, including solar or wind
energy, with a DC generator. It can also be part of a lighting system or
microgrids, as this converter is characterized by high efficiency in
performance, quality, and reliability, and has the advantage of a wide range
at high frequencies. The PSFB converter consists of a DC source to supply
a DC load, connected to an inverter on the source side and a filter on the
load side, with a rectifier between them. The rectifier is a bridge type of
four diodes, the inverter is a bridge of four MOSFET transistors, and the
LC filter consists of a coil and a capacitor. Among the areas that require a
wide frequency range are communications systems, which is one of the
most important applications and areas of use for this converter.
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1. INTRODUCTION

Electrical power systems are a matter of interest due to the ongoing advancements in sustainable
development. Renewable energy sources enhance the possibility of improving a clean and environmentally
friendly working environment. The issue of generating electricity from various sources, including renewable
energy such as wind and solar, is also a major topic requiring further research and analysis. Systems have parts,
and their components are interconnected within these systems during the generation, transmission, and
distribution processes. Transformation systems are an important component, as they come in various types,
including transformers that increase power and others that decrease power. There are also three-phase
transformers, single-phase transformers, and other classifications based on the power supply and transformer
output. Transformers convert a fixed quantity into a variable quantity, such as a DC-DC converter, including
phase-shifted full bridge (PSFB) transformers. A PSFB is a converter consisting of a source voltage inverter
(DC to AC) of a bridge type with four MOSFET transistor switches. In addition to the inverter, there is a
transformer connected to the inverter on one side and to the rectifier on the other side, which is another type of
converter (AC to DC). This converter (PSFB) is characterized by easy isolation and other features such as the
ability to switch smoothly and switch at zero voltage (ZVS). ZVS makes the converter robust and highly
efficient, with a highly efficient output compared to other converters. Many applications require smooth
switching rather than hard switching, as well as galvanic isolation and ease of control. These features are
available in this converter, in addition to the ability to easily control using pulse width modulation (PWM)
technology. These features can make it a successful choice in many applications such as server sources in
communications systems. In high-power systems, it is more efficient than half-bridge converters and has higher
insulation and losses [1]-[3].

PSFB inverters are also preferred over conventional full-bridge inverters (FBIs) because they have lower
losses. Compared to the other type of inverter preferred for charging, the direct active bridge (DAB) inverter,
despite its bidirectional operation (power flows in both directions), PSFB inverters have fewer components and
are easier to control. PSFB inverters are considered a preferred choice for both current and future applications
because they offer a good balance in medium to high power scenarios [4]-[6]. To build and represent a
simulation model that helps determine system behavior, analyze converter operation, and verify its
effectiveness, MATLAB can be used to model and simulate a PSFB inverter, one of the most important phase-
shifted DC-DC bridge inverters. The components of this model can be defined through the simulation
environment, which consists of a converter with a rectifier, electronic switches, and a filter. The model contains
parameters including the transformer transformation ratio and the switching frequency. The number of
transformer turns is the factor affecting the transformation ratio between the two terminals of the transformer.
Model parameters also include phase angle and leakage inductance. These factors affect the performance
measurement and behavior modification process, determining the effectiveness of the PSFB converter. A full-
bridge phase-shifted DC-DC converter can be effectively modeled and simulated using the MATLAB Simulink
environment. Simulink provides tools for representing converter components (switches, transformer, rectifier,
filter) and implementing control strategies. Key parameters include switching frequency, converter turns ratio,
leakage inductance, and phase shift angle, all of which affect converter performance. The system model
consists of a full-bridge inverter, which can be built using metal-oxide-semiconductor field-effect transistors
(MOSFETs), thyristors, or insulated-gate bipolar transistors (IGBTs). The inverter is represented by four
electronic switches, such as MOSFETs. The electronic switches can be turned on and off using the gate voltage
[71-[9].

PWM (pulse-width modulation) technology can control the inverter's on and off periods and determine
the appropriate output. The model also consists of a convertor, which uses the leakage inductance and number
of turns of the primary and secondary windings to determine the desired transformer output. The transformer
input is connected to the inverter output, while the transformer output is connected to the rectifier input. In
addition to the inverter and transformer, another component of the PSFB converter is the rectifier, which is
connected to the transformer output from the secondary winding. This rectifier is represented by four bridge-
tuned diodes. The rectifier output is connected to an LC-pass filter, which filters the rectifier output. The PSFB
converter requires control systems to adjust the duty cycle, adjust the phase shift, and regulate the operation of
the closed-loop system, which includes feedback to help regulate the output using a voltage-mode control
(VMC) or peak-current-mode control (PCMC) system. Various operating conditions can be adopted, under
which the behavior of the system (the PSFB converter) is analyzed, including changes in input voltage, changes
in load, and other parameters. The analysis includes input and output waveforms for each phase of the converter
for electrical quantities including voltage and current for each electronic switch, inverter terminal, converter
terminal, and rectifier terminal. Performance quality and reliability can be determined by evaluating the
converter's efficiency and transient response, in addition to voltage regulation and power loss coefficient. To
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improve performance, an advanced converter design can be developed, in which the transformer's
transformation ratio depends on the optimal values for the number of transformer turns and leakage inductance
for different applications. The electronic switch operates like a MOSFET transistor with a switching frequency
between the on and off states in the inverter model, which improves performance and reduces switching losses.

The output voltage ratio of the transformer can be determined by determining the ratio of the turns of the
secondary and primary coils. The leakage inductance between the two coils determines the magnetic field of
the transformer to achieve the proper switching, which is zero voltage switching (ZVS). The phase shift angle
(®) can be controlled by the trigger signals of the electronic switches. To transmit power in the transformer,
the switching angles and signals of the electronic switches are controlled through the switching time intervals
of these switches. This prevents leakage current during the switching and stopping times [10]-[12].

2. METHODOLOGY OF PSFB CONVERTOR

The operation of the PSFB convertor can be described in time and periods during the transient and steady
state through linear operation, i.e. without a change in the load. The behavior of the system can be identified
at the steady state, where the transformer and electronic switches operate and switch at zero voltage (ZVS).
Steady-state operation shows the output of the transformer, the isolation, and the output of the transistors, as
well as the input and output voltages, the voltage of the rectifier, the inverter, and the filter, i.e. all the terminals
of the system components. Whereas when the other system state, the transient state, is desired, the load is
changed, and from this the behavior change becomes clear as a result of a change in the system parameters,
and consequently the readings of the devices change. The change resulting from the transient state requires the
implementation of feedback, which is part of the closed-loop system, as well as a control unit that regulates the
output of the transformer to meet the requirements of the change in the load and return the system from the
transient state to the steady state. Control and output regulation require rapid response and handling of changes
in system parameters. For example, current values may be affected by load changes, which can lead to current
bias problems. Improving performance requires rapid handling of current bias. Reducing bias requires
developing and implementing a control strategy, including pulse width modulation (PWM), the use of various
control modules, and active clamp circuits. The PSFB converter has the advantages of ZVS operation, most
notably its precise design and high efficiency due to low switching losses. One potential contribution of this
work is the analysis of phase shift versus reference voltage analysis [13]-[15]. PSFB is used as a DC to DC
converter as is the conventional FB type and both are considered high level power converters but there is an
advantage in converting through switching with zero voltage and without zero voltage which is an advantage
that gives high efficiency by reducing switching losses of electronic power switches when working at high
frequencies [16]-[20].

The importance of using electronic power devices (diode, transistor, thyristor) in building circuits called
electronic power circuits (power electronic convertor) according to the input and output of the circuit is
highlighted. When do we need electronic power circuits when there is a difference between the type and
quantity of the supply source and the load to be fed. There are two types of sources in terms of the type of
current, including direct current sources and others alternating current sources. There is another classification
according to the number of phases, including single phase and three phase. Loads can also be the loads need to
be fed with a direct current, a single-phase alternating current, or a three-phase alternating current. It can be a
supply source of the first type, which is a constant current source with a fixed value, and the loads need to be
fed with a fixed or variable value that is higher or lower than the source voltage. In the current case, we need
to build a model of an electronic power circuit that meets the demand, and it can be called according to the
case. The types called direct current converters or (DC/DC Converters) that have a direct current input and a
direct current output can be divided into three types, including voltage-reducing direct current type converters,
a current converter of the first type called (Buck Converter). The second one is considered a voltage booster
and is called (Boost Converter). The third can be called the Buck - Boost Converter [21]-[24].

There is also another case that depends on feeding from a direct current source (solar cells or batteries)
that differs from the first type in that its loads require alternating current type feeding and may be single-phase
or three-phase. The current situation requires the need to build a different model for a power circuit. An
electronic device with a direct current input and an alternating current output. The model can be designed and
built according to the number of phases and the required voltage. Some of them are suitable for building a
single-phase electronic power circuit and are called a single-phase inverter and the other is a three-phase
inverter. There can be two other cases for an alternating current power source (the network). The national
generation station and renewable energies, such as wind, feed alternating current loads or direct current loads.
When the supply source and the load are of the same type, the input is alternating current and the output is
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fixed or variable. The fourth type of electronic power circuits is the unified one, as it has an alternating current
input and a direct current output [25]-[28].

Currently, work is underway to build a simulation model using both open-loop mode for the proposed
converter. A prototype can be constructed by schematically representing it, first, with a DC power source
connected to a bridge converter consisting of four MOSFET switches. This circuit, which is part of the system,
outputs a waveform with the same voltage value but with two periodic intervals, giving a positive half value
for the first period and a negative half value for the second period, due to the operation of the electronic
switches. In the first period, a positive output voltage value is obtained when switches 1 and 3 are in the "on"
state, while switches 2 and 4 are in the "off" state during the same period. In the second period, the opposite
occurs, such that a negative output voltage value is obtained when switches 1 and 3 are in the "off" state, while
switches 2 and 4 are in the "on" state during the same period. In the current simulation, a voltage transformer
is added from high voltage to low voltage, for example, from 400 V to 12 V or from 600 V to 12 V. The source
voltage is connected to a single-phase bridge inverter, and the inverter output is connected to a linear
transformer. The phase shift occurs at the input side of the transformer, which is the same as the output side of
the inverter. By changing the reference voltage value, the phase shift can be detected. The transformer output,
i.e. the secondary winding terminals, is connected to a voltage rectifier to convert the alternating current to
direct current, which is then fed to the load. The present study presents a simulation model of Phase shifted
full bridge DC-DC Converter (PSFB) and its contributions include studying the phase shift change with the
change of the reference voltage. This is verified by proposing test cases that include four output values of 2, 4,
10 and 12 V with an input voltage of 400 V. From the simulation results, the relationship between the possibility
of changing the phase shift and the current change on the one hand and the change of the reference voltage of
the output voltage on the other hand can be observed.

High-voltage direct current (HVDC) uses relatively high amounts of DC voltage, up to 400 volts or
higher, as in industrial applications. This voltage can be supplied from a renewable energy source such as a
wind turbine with a DC generator, or from a solar power source. Other systems, such as computers, require a
lower voltage, and therefore converter output values are adopted. These converters are designed to provide a
voltage suitable for the operation of certain system components, such as a converter output voltage of
approximately 2 volts, 6 volts, 10 volts, 12 volts, etc. High input voltages can be selected to generate and
transmit power efficiently, while reducing the current requirements for the same power and transmitting it over
relatively long distances. Converter outputs can be used to meet the requirements of targeted applications for
readily available components that require standard amounts of converter output voltage [29]-[31]. In
methodology of PSFB section there are three parts, include, first part called system description that show in
section 2.1, second part called system working that show in section 2.2 and third part called design system that
show in section 2.3 bellow:

2.1. Description of PSFB

An important application is environmentally friendly industrial systems. The design and operation of the
storage unit (battery) charging system in an electric vehicle is a matter of interest to specialists, academics, and
relevant institutions. The charging system requires electronic power converters to provide the appropriate
charging voltage to the battery. The converters used are full-bridge, phase-shifted converters. They consist of
four switches with on-off periods that depend on the switching frequency, some of which are soft-switching
and others hard-switching. Some circuits and loads require an appropriate voltage, including sub-circuits and
main circuits, and the voltage value may differ, requiring the use of appropriate strategies and techniques. For
example, when there is a suitable high voltage of 400 or 600 volts to operate and rotate the electric motor to
cover the main loads, to operate an electric vehicle, there is also a need for a low voltage, for example, 12 volts,
to operate sub-loads such as wipers and opening and closing windows. Based on the above, it can be argued
that adding a voltage converter from high voltage to low voltage, for example, from 400 volts to 12 volts or
from 600 volts to 12 volts, is important. As a research contribution, the focus is on building a prototype of the
system, writing the appropriate mathematical relationships for the system, and calculating the required
parameters to obtain a step-down converter of the type of electronic power converter, a full bridge, phase-
shifted, with the above quantities, which is suitable for an electric car battery charging system or any other
application where the same quantities are available at the input and output of the system [32]-[34].

2.2. Working of PSFB

Figure 1 represents the components of the proposed system which can help in writing the appropriate
mathematical relationships to design an effective model. By tracing the model, the system components' waves
and signals can be represented. These include: First, the trigger pulses of the electronic switches to identify
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their operating periods when the switch is on and off, as in Figure 2. Second, the transformer output waveform
resulting from switch operation, how to obtain the positive and negative halves to be connected to the
transformer at both ends of the primary coil, as in Figure 3. Third, the output waveform of the step-down
transformer at both ends of the secondary coil, which is connected to the input of a bridge transformer
consisting of four diodes connected to the LC filter on the output side, as in Figure 4. The output waveform at
a specific load associated with the filter output. In other forms, the current wave can be drawn for each branch
within the study limits, such as the inductor current as in Figure 5 and the load current as in Figure 6, in addition
to the current drawn from the power source as in Figure 7. The system efficiency can be calculated and drawn
with the input and output power in other forms. In other forms, the power wave can be drawn for the system
output as in Figure § and the output power as in Figure 9, in addition to the efficiency as in Figure 10. From
the system diagram (Figure 1), there can be two modes, the first when switches 1 and 3 are on and the second
when it is off while the output of this mode is positive. On the other hand, switches 2 and 4 are in the opposite
state of switches 1 and 3 to give a negative output, where the operating time is a positive part due to the action
of switches 1 and 3 as in the first mode, and another case in the second half of the cycle operating time is a
negative part due to the action of switches 2 and 4.

w

- g JE c =3
I

Lmear Transformer
S2 ‘| S4 ‘I

szmx

J

Figure 1. Block diagram for circuit of Phase shifted full bridge DC-DC Converter (PSFB)system

2.3. Design of PSFB

Improved and efficient power converters are a subject of widespread interest in various fields, requiring
analysis and design of models to ensure the selection of appropriate components. This selection is based on
experience, using simulation as a method and strategy that has proven to be appropriate through previous
studies by specialists from around the world [35]-[37]. In this study, a simulation model of a step-down DC-
DC power converter, called a phase-shifted bridge converter, is presented. The model examines design
considerations and calculates system parameters for a converter with a power of (480, 600) and a high input
voltage of (600, 400) converted to a low output voltage of (12) and with converter switches operating at a
frequency of (250,100) kHz. The proposed converter was designed, modeled, and validated by comparing it
with the theoretical design. As a research contribution, the effect of changing the solution on the output current
can be studied, thus obtaining the converter efficiency in both cases, and identifying the impact of this on
efficiency [38]-[41].

N,
VL = VmN—;—Vom (1)
di
VL =L — 2
o 2
L=vi oy, s 3)
di Iripple
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Where the values of the system were V;,,=600Volt, V,,.=12Volt, P,, .= 480watt, switching frequency =
250KHZ, I ippie = 20% and Ve = 1%.
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As a result of advances in modern technology, there is a focus on conducting studies on environmentally
friendly systems that reduce the impact of gas emissions, such as using electric cars instead of fuel-powered
ones. In addition to their environmental friendliness, electric cars are distinguished from cars by their relatively
high efficiency and low noise, which has attracted the attention of relevant institutions, including industrial
companies and specialized researchers. Electric cars operate on main and subsidiary systems. These include
main loads, such as the electric motor, which requires high voltage to operate, while subsidiary loads, such as
wipers and opening and closing windows, require the addition of electronic power transformers to provide
voltage to the subsidiary loads. Electronic switches are used to build electronic power transformers, and by
operating these switches at a specific frequency to close and open the switches, the desired output can be
achieved.

To ensure proper load operation, factors such as the application's requirements, balancing size and
efficiency, ripple limits, and electromagnetic interference (EMI) are considered, along with the adoption of an
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appropriate switching frequency. Frequency limits can be set as a design criterion, affecting the ripple factor
and component size to address and optimize the transformer's response to electromagnetic interference (EMI),
at the expense of higher switching losses with voltage and current fluctuations. For example, at a switching
frequency of 100 kHz, switching losses are lower, efficiency is higher, and EMI is lower when operating within
specific frequency ranges. Another example is at a switching frequency of 250 kHz, where switching losses
are higher, passive components are smaller, response speed is faster, and EMI is increasing. EMI can be
managed by using a pass-through filter within appropriate ripple limits, which are approximately (20% current,
1% voltage), meaning that the difference between the output current and the average DC current is 20%. Ripple
is acceptable for some applications, but it can cause problems in some sensitive electronic circuits. This means
that an AC output current of 1% of the DC current is adequate for stable operation of sensitive loads. Sensitive
loads include microprocessors and radio frequency circuits, which require ripple at low voltages, while high-
current ripple increases power losses in the load [42]-[47].

1.

Vin— — Vout

Figure 2. Block diagram of LC filter circuit for Phase shifted full bridge DC-DC Converter (PSFB)system

I ripple

IL inductor current
b e - -

DT's Ts

Figure 3. Relationship between [y, and I with DT & T

3. SIMULATION MODELING AND SIMULATION RESULTS OF PSFB

In this section there are two parts include first the simulation modeling of Phase shifted full bridge DC-
DC Converter (PSFB) that in section 3.1. Second, the simulation Results of Phase shifted full bridge DC-DC
Converter (PSFB) that in section 3.2.

3.1. Simulation Modeling of PSFB

The converter's high efficiency, isolation features, and smooth switching make the PSFB converter
capable of handling high-voltage power systems, most notably those powered by renewable energy, including
solar energy, and how to integrate it into the grid. These features also make this converter safe and reliable for
renewable energy systems [48]-[50]. There are many sources for generating electrical energy, including
environmentally friendly sources called renewable energy sources. These can be connected to a small grid,
connected to the main grid, or isolated from it. Electrical energy sources are used to operate various types of
electrical loads such as lighting, electrical appliances, and others in various applications and fields such as
industrial, military, and domestic. Energy sources are connected to the loads directly or via transformers, and
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they can also be used to charge energy storage units. Electronic power converters exist to convert the available
quantities into the required quantities appropriate to cover these loads. Environmental conditions change, thus
affecting the amount of energy generated, making them unstable sources, as unstable energy generation sources
cannot be directly connected to the grid. Therefore, power quality must be regulated by connecting suitable
transformers that address this problem, as the transformer input varies due to changing generation conditions,
and the transformer's average output voltage is managed and adjusted to meet the demand at the appropriate
value. Transformers are also used with charging systems for storage units such as batteries. Among these
transformers is the full-bridge phase-shift transformer, which consists of four electronic switches such as
thyristors or transistors. Transformer performance evaluation is conducted by proposing prototype
specifications and a simulation, and identifying the system's performance and behavior through an appropriate
operating time to achieve a suitable phase shift and output according to load requirements. The research
contribution is to evaluate the PSFB performance improvement and verify the transformer's output voltage
[51]-[55].

Electronic power transformers are used in many applications, including industrial ones, where they offer
improved performance and the ability to control the output of the transformer by operating electronic switches.
The output of the transformer is controlled by the opening and closing of these switches. Pulse width
modulation (PWM) technology determines the periodic opening and closing of the electronic switches.
Electronic transformers consist of four switches connected in a bridge manner. The input side is connected to
the power source, and the output side is connected to the load. A filter can be added to eliminate harmonics
and obtain a pure output signal, thus improving the quality and efficiency of the system. The system can be
simply described as a structural structure consisting of a power source symbolized by VS, and a source voltage
inverter consisting of four switches symbolized by S and numbered from 1 to 4. There is also a linear
transformer consisting of a primary coil connected to the output terminals of the electronic power transformer,
while the secondary coil terminals are connected to the filter input consisting of a boost inductor L and a filter
capacitor C. The filter output is connected to the resistance representing the load R. The system is operated and
its operation depends on the operation of electronic switches, which have an on-off period for each switch
during a single cycle, and their operation can be regulated using pulse width modulation technology [56]-[60].

Figures between Figure 4 to Figure 9 are show the first, simulation part include the DC Voltage source,
there are two values can be used in this work suggested the high voltage battery (400,600) connected to main
power circuit that in Figure 4. Second, simulation model of square wave generator (Inverter) for PSFB that in
Figure 5. Third, simulation model of Linear Transformer for PSFB that in Figure 6. Forth, simulation model
of Rectifier for PSFB that in Figure 7. Fifth, simulation model of filter for PSFB that in Figure 8. Sixth,
simulation model of Load for PSFB that in Figure 9. Seventh, Simulation modeling of Phase shifted full bridge
DC-DC Converter (PSFB)that in Figure 10.

+ +
Vnzscovljr Vin=40[)\.-"ﬂ_r
Vin=400, 600Velt <2 (2>
a. subsystem of DC Voltage source b. at 600 volts without sensors c. at 400 volts without sensors

linput

VinEGOOVd—
I |
[— Pin Fin
d. at 600 volts with sensors e. at 400 volts with sensors

Figure 4. Simulation model of DC Voltage source (high voltage battery 400 and 600 Volt) for PSFB
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Figure 10. Simulation modeling of Phase shifted full bridge DC-DC Converter (PSFB)

Figure 4 shows a DC power supply for both the 400V and 600V proposed test cases. It also shows a model
of a voltage, current, and power sensor to measure the system input voltage in volts, the input current in
amperes, and the power of the supply in watts. Figure 5 shows a bridge-type voltage inverter source with four
MOSFET transistor switches and a switch trigger pulse signal generator. Figure 6 shows a transformer with a
primary winding that can be connected to the inverter output. The secondary winding has terminals that can be
connected to the rectifier. Figure 7 shows a bridge rectifier with four diodes that converts AC to DC. The
rectifier input is connected to the converter 's secondary winding, while the rectifier output is connected to a
filter. Figure 8 shows an LC filter whose output is connected to the load. Figure 9 has a resistive load that can
be connected to the filter output. The load voltage and current can be measured, and the output power and
efficiency can be calculated. Figure 10 represents the connection diagram of all the components of the PSFB
converter. Open-circuit tests at a source voltage of 400 V using pulse width modulation (PWM) to vary the
output voltage that in Figure 11. Closed-circuit tests at a source voltage of 400 V using Proportional-Integral-
Derivative (PID) controller to vary the output voltage that in Figure 12.

(Lo}
g = R wow
MUL——1—=me]
——
[ Jrdvmne]

Figure 11. Simulation model for open-loop of PSFB system

Suggested test cases, includes two main test cases based on the source voltage. For each main case, there
are subtest cases based on the reference output voltage, which can be used to control the transformer's phase
shift. Paragraph 1: When the source voltage is 400 volts, considerations were made for phase shift changes
when the system's output reference value changed. There are initial test cases for a single operating period,
each with a single output value, including a reference value of 2 volts. Another test case was 6 volts, while the
third case was 10 volts, and the fourth 12 volts, which is the system's design value. Another test case divides
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the operating period into multiple periods, using the same values above for part of that period. Paragraph 2:
When the source voltage is 600 volts, using the same method as above to identify the difference in electrical
quantities. Using the results of the previous cases, the system signals can be plotted at each part of the system

and the values recorded.
SR ) B SN
EE: o
V-‘fiHE‘i?: ) e S S
[y o @ P
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Figure 12. Simulation model for closed-loop of Phase shifted full bridge DC-DC Converter (PSFB) system using
Proportional-Integral-Derivative (PID) controller

3.2. Simulation Results of PSFB

A simulation of a full bridge phase shift converter is proposed which can be operated from a constant 400
V DC source. The source voltage is fed to a voltage inverter which operates using four switches (S1, S2, S3
and S4) to obtain a time-varying voltage, with a positive voltage of (+400 V) in the first half and a negative
voltage of (-400 V) in the second half. The output of the inverter is taken as the input voltage of the linear
transformer from the primary winding, and the voltage is stepped up or down according to the load
requirements. A pulse voltage is obtained and applied to the primary winding as a result of opening and closing
the four switches, and it can be phase shifted as required by controlling the desired output feedback value. A
rectifier is connected and added to the transformer output from the secondary coil using a full wave bridge
rectifier with four diodes (D1, D2, D3, and D4) to rectify the output voltage. To filter the rectifier output, an
LC filter (inductor L and capacitor C) is added and connected to obtain a DC output to supply the load with a
voltage of 12 volts. A full bridge converter (FBC) consists of four transistors acting as electronic switches,
with the input voltage being the same as the switch voltage. The switches operate as a couple and are
controllable. For example, the transformer terminals (primary coil) are powered by the source voltage VS when
S1 and S4 are on. During the same period, diodes D1 and D4 are in forward bias (conducting). While during
the second period, the opposite is true. During the first period, i.e., the negative half-life, is at -VS when S2
and S3 are on. During the same period, diodes D2 and D3 are in forward bias (conducting).

It is proposed to present one of the methods used to supply some systems with the required voltage.
Choosing a method requires specifying the supply voltage, i.e., the input voltage, estimated at 400 volts. The
system output is also set at 12 volts. Other values can be chosen during testing to identify how the phase shift
changes by changing the system output reference value. An output voltage sensor is installed, and the sensor
output is connected to a comparator, setting a reference value to determine the error value. This value is passed
through a control unit to eliminate the error and obtain the required phase shift. This value is determined using
the pulse width modulation technique of the on/off switches, which enables the full bridge converter to be
controlled by phase shift. Figures between Figure 11 to Figure 16, in Figure 11 show the simulation result of
DC Voltage source. In Figure 11 show the value of input power, input voltage and current in these wave forms
for the sensors devises that by using the simulation model in Figure 4. There are two values include, 400 volts
that high voltage battery and 600 volts that the first part in this section. Second part include, the simulation
results of square wave generator (Inverter) for PSFB that in Figure 12. Third, simulation results of Linear
Transformer for PSFB that in Figure 13. Forth, simulation results of Rectifier for PSFB that in Figure 14 Fifth.
Also, the simulation results of pulses, current, and power can be show in Figurers between Figure 15 to Figure
17.

The duty cycle, or operating period, of a converter can be described by controlling the operating periods
of the electronic switches—that is, the ON and OFF states of each switch (Figure 18 to Figure 23). Since it
consists of four switches, the operational description for each period is the number of switches multiplied by
the number of switch states. That is, there are eight possibilities, representing eight periods that repeat in each
operating cycle with the same time period. The first period, when there is no power, all switches are OFF at
time zero. The first period, from start-up at time zero to the first period (from ¢t to t;), is when S1 and S4 are
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ON, while S2 and S3 are OFF. A current flows through the coils of the converter connected to the inverter.
During this period, a positive input voltage is applied, and the voltage is converted to another quantity at the
converter's output to power the rectifier, which powers the load and charges the forward-biased capacitor D1.
In the second period, the smooth switching process is carried out and works properly when S2 and S3 are
turned on and in which the transition from the off state to the on state is made and in which D2 is turned on to
charge Co and the phase shift type achieves the smooth switching by enhancing the on/off from S1 to S4.

simulation response of DC Voltage source (high voltage battery 400 Volt) for PSFB
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Figure 13. Simulation result of DC Voltage source
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Figure 14. Simulation results of squre wave generator (Inverter) for PSFB
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Figure 15. Simulation results of Linear Transformer for PSFB
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simulation response of Phase shifted full bridge DC-DC Converter (PSFB)
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Figure 16. Simulation results of Rectifier for PSFB
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Figure 18. Simulation results of current
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Figure 19. Simulation results of power
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Figure 20. Simulation response for closed-loop of PSFB system using PID controller at Vi,= 400, V;.. = 2 volt
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Figure 21. Simulation response for closed-loop of PSFB system using PID controller at V;;,= 400, Vy.o= 6 volt

Simulation results PID controller for Phase shifted full bridge DC-DC Converter Simulation results PID controller for Phase shifted full bridge DC-DC Converter

40 r’
35

gzs % 6
3 =
sZD g
3 =
15
10
2
5
0 ]
5
] 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Time (seconds) %103 Time (seconds) %107
a. current output b. voltage output
Simulation results PID controller for Phase shifted full bridge DC-DC Converter
400
300
200
__ 100
3
z 0
o
>
-100
200
-300
400
4187 4188 4189 419 4191 4192 4.193 4194

Time (seconds) %103
c. Primary voltage
Figure 22. Simulation response for closed-loop of PSFB system using PID controller at Vi, = 400, V;..;= 10 volt
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4. CONCLUSION

The study presented a single-phase full-wave phase shift converter. Through the study, the system
components, operation method, function of each part, control of system input and output, and change of phase
shift were identified. Electrical quantities are considered a measure of system performance, therefore, a sensor
for these quantities is installed, such as plotting and reading the input and output quantity of each part to identify
the behavior, performance, and function of these parts, such as the source voltage, input and output of the
inverter, transformer, filter, load voltage and current, etc. The effectiveness of the proposed system was
verified, and the system behavior was examined, as well as how to improve the performance and quality of the
required output voltage to cover loads under varying operating conditions. From the above, it can be
recommended to use it in charging systems for storage units in electrical circuits and systems similar to the
system specifications. The current study involves constructing a phase-shifted full bridge (PSFB) converter
simulation model. A simulation was conducted, and the main waveforms and shapes were analyzed for each
test case. The simulation results included the input and output voltages for each phase. Steady-state and
transient states were tested, and identifying the response under constant and variable loads is crucial. The
simulation results revealed that the PSFB converter has a good and fast transient response, returning to steady
state with minimal overshoot or undershoot. The waveforms and shapes for each phase revealed electrical
quantities, including voltage and current, representing the MOSFET signals when zero-voltage switching
(ZVS) is required. ZVS is the primary factor for optimizing the converter, increasing efficiency, and reducing
losses. The analysis helps evaluate the converter's performance and helps identify suitable practical
applications. The used control method significantly improved the response, speed, and accuracy of
performance for both the transient and steady-state systems.
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