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Abstract—In order to effectively convert and control electrical power, power electronic
converters are essential. Low power applications are where it is most frequently employed. DC-DC
converters are one type of power electronic converter that employ power electronic devices to change
a DC voltage from one level to a different level as needed. In this study, a flyback converter's open
and closed loop control are analysed and simulated. The primary goal of the work is to provide
information on how flyback converters operate in low power applications like televisions, SMPs for
computers, and chargers for mobile devices and cell phones, among others. This study compares the
performance of closed loop and open loop PID controller controls for flyback converters. With a
switching frequency of 100KHz, the circuit design is simulated in MATLAB/SIMULNK, and the
results are then given.
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INTRODUCTION

Power electronics are primarily used to process and regulate the movement of electrical energy
by delivering voltages and currents in a format that is most suited for user loads. Modern power
electronic converters are complicated in a wide range of applications, including switched-mode power
supplies, active power filters, motion control of electrical machines, renewable energy conversion
systems, distributed power generation, FACTSs, and automotive technology, among others [1].

An unregulated DC input voltage is fed into the chopper, which outputs a steady or regulated
voltage. Power electrical circuits known as DC-DC converters, often known as choppers, change a DC
voltage to a different voltage level. Electronic, linear, switched mode, magnetic, and capacitive
converters are only a few of the many different types of conversion techniques that are accessible.
Because DC cannot be easily ramped up or down using a transformer, DC-DC converters are needed.
A transformer's DC equivalent is a DC-DC converter in many respects. They are simply meant to
adjust the incoming energy's impedance level.

Input DC Flyback Load
Voltage Converter Resistance (R)

Figl: Basic Block Diagram of Flyback converter with R load

Fig. 1 shows a flyback converter's basic block diagram. This paper implements a flyback converter for
resistive loads in both open and closed loops. The flyback converter is most frequently employed in
low power applications seen in everyday gadgets. [1]
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A. Basic topology of a flyback converter

SMPS circuits and other low power applications typically employ fly-back converters. In this
instance, the input supply mains are isolated from the output voltage. The output of a flyback converter
ranges from a few watts to about 100W. The Flyback converter circuits are discovered to be
significantly simpler and easier to use than other circuits. This circuit can provide single or many
isolated output voltages while operating over a wide range of input voltages. Flyback converters are
more often employed even though they have lower efficiency when compared to other circuits due to
their low cost, narrow range of output power, and simple circuit topology. The Flyback converters,
which are frequently employed there, will be a controllable switch, similar to any power semiconductor
switch, with a switching frequency that is typically in the range of 100 KHz, if we pay attention to
them. [2]
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Fig2: Flyback converter
Fig. 2 depicts a flyback converter's basic structure. A switch, linear transformer, diode, and
capacitor make up this device. The following details the many modes of operation:

Mode-1: (Switch is closed) As seen from the circuit diagram of Fig2., when switch S is closed or in
ON condition, the input supply is connected to the primary winding of the transformer where the dot
convention is connected to the positive side of the supply. During this operation, diode ‘D’ will be
reverse biased. Because of this operation, primary winding will carry the current whereas secondary
winding is nearly blocked as the diode ‘D’ is reverse biased. The transformer core will develop the
flux and links with the winding all due to the primary side current. In mode-1, primary current raises
linearly and input voltage appear across the primary winding. [14], [15].

Mode-2: (Switch is open) The operation in mode-1 is conducted for some time and the switch S is
turned off or it is in open condition. Due to this condition, the current flow in the primary winding is
broken and the voltage polarities across the winding is reversed. Because of the reversal of polarities
diode ‘D’is forward biased in the secondary circuit. Now, secondary winding starts conducting so that
net MMF does not change. [3]

Il. DESIGN PARAMETER OF A FLYBACK CONVERTER

The converter is designed for a supply voltage of Vs = 40V, output voltage of Vo = 40V, power
=40W, Resistive load, R = 40 with switching frequency = 100KHz.
Duty Ratio Calculation:
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N2 / N1 = Vo/Vs * (1-D)/D (1)
Taking turns ratio = 3, Substituting the values from given data we get Duty cycle = 35.71%.
Capacitor Calculation:

AVo/Vo=D/RCf (2)
Substituting the values from given data we get Capacitor value = 17.85uF

I11. OPEN LOOP SIMULATION OF A FLYBACK CONVERTER
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Fig3: Simulation of an open loop Flyback converter

Fly-back converter MATLAB simulation for open loop control is shown in fig3. When we
execute the above the circuit, there will be fluctuation in the output because we assume the system to
be under steady state condition i.e., constant input voltage and constant load. In order to rectify the
above condition, closed loop control is necessary to give constant output voltage irrespective of the
input voltage. [11],[12]
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Fig4: Pulse generation in case of an open loop Flyback converter

Fig 4 represents the pulse generated for the MOSFET switch in MATLAB. Duty cycle is 35.71%.
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Vo = 38.44 Volts
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Fig5: Voltage response of open loop Flyback converter

The output waveform shows a lot of variations when we zoom and check for the errors. To overcome
this situation we add a controller in the closed loop.[13]

Tablel: Input Vs output voltage variation in case of an open loop Flyback converter

SL.No. Input voltage Output voltage
1 24 38.44
2 28 44 98
3 32 51.52
4 36 38.05
5 40 64.39
6 44 71.13

Input voltage Vs Output Voltage characteristics
for open loop flyback converter
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Fig6: Graphical representation of VVoltage variation of open loop Flyback converter
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Fig 6 represents graphical interpretation of output voltage versus the input voltage. We can
observe that since it is an open loop system, both vary in direct proportion. Irrespective of input voltage
if we want to keep output voltage constant then we can go for closed loop system.

IV. CLOSED LOOP SIMULATION OF A FLYBACK CONVERTER

It takes a lot of work to start off with a stable waveform that is spike-free in practically all open
loop systems. Additionally, a mistake will be made in relation to the input that we give. It is necessary
to treat this condition. To do this, we employ a feedback mechanism that allows us to apply any control
strategy to create a feedback control loop and, to the greatest extent feasible, provide an output that is
error-free. The PID controller is used in this study as a feedback control mechanism among other
control techniques such as P, Pl, PID, Fuzzy, etc. The optimum controller for industrial applications
is the PID Controller. The closed loop controller is once more used, but only for switching frequencies
up to 100 kHz. [5],[9],[10]
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Fig7: Simulation of a closed loop Flyback converter by means of PID Controller

Using a PID controller, Fig. 7 shows a MATLAB simulation of a closed-loop Flyback
converter. A sub tractor receives the output voltage, which is then connected to a PID controller with
a reference voltage of 40V. The larger than or equal relational operator, whose output is provided as a
pulse to the gate of the MOSFET switch, receives the absolute value of the input from the PID
controller and compares it with a repeating sequence. [4]

m

Fig8: Pulse generation output in case of a closed loop Flyback converter
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Fig 8 represents the pulse-generated output in case of closed loop flyback converter system with a duty
cycle of 35.71%.
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Fig9: Voltage response of a closed loop Flyback converter using a PID Controller

In both the open and closed loop controllers of MATLAB Simulink, a flyback converter is
designed as a counterfeit. PID Controller is used to implement closed loop control using an input
voltage of 24V. P & D are maintained at zero when it is set to integral part. Gate pulses are delivered
as output to the MOSFET gate switch. Here, we can see that for a 24V input, closed loop control results
in an output voltage that is almost exactly equal to 40.03V while minimising error compared to open
loop control. If we look at the output voltage waveform, the ripple is still quite significant, but it may
be decreased by applying the right capacitor values. [6],[7],[8]

V. CONCLUSION

The MATLAB Simulink model is used to analyse and simulate the control of an open and
closed loop Flyback converter, as shown in the above pictures. First, we conducted an open loop study
and found that the output voltage fluctuates linearly with the input voltage while maintaining a constant
duty cycle. These results don't really help much because they cause a lot of ripple and output
inaccuracy. To remedy this, a Flyback converter's closed loop control was implemented using a PID
controller, eliminating all the drawbacks of the open loop control method. The aforementioned figures
display the tabular and graphic findings for both open and closed loop Flyback converters. We can
infer from the analysis that Flyback converters work well for a variety of low power applications in
addition to helping to isolate the core component from the output.
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