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Abstract:
Work is underway to develop a model to simulate one of the types of converter using the buck
converter design method using matlab. Converting voltage from one value to another is of interest
to researchers and companies that manufacture most electronic devices. It requires choosing a
type of converter and developing an appropriate design that is tested and verified for its
effectiveness through laboratory experiments, which is extremely important. Work is being done
to test a step-down converter with an input voltage of 50 volts that provides and converts it to a
voltage of 20 volts. A mathematical representation is developed and mathematical calculations
are performed to find appropriate values for the converter components for both inductance and
capacitance and the frequency of the mug pulses for opening and closing electronic switches in
addition to the appropriate resistive load value. After writing the code for the mathematical
relationships that connect the system components in an m-File file and obtaining the system
parameters, the model was built and tested to verify its effectiveness. The results demonstrated
the possibility of obtaining the required output voltage of 20 volts from a 50 volt source carrying
two 20 ohm resistors, an inductance of 400 micro-henry, a capacitance of 100 microfarad, and a
pulse frequency of 20 kilohertz.
Keywords: buck converter, direct current, duty cycle and Common mode continuous operation.
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1. Introduction
Converters, in general, are important in many applications in various fields and for all
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countries of the world, as they can be included in industrial systems, including generation and
distribution systems [1-3]. They need conversion systems as part of an integrated system.
Modern systems consider the presence of electronic power devices to be an essential factor in
building electronic converters, which enabled designers to overcome many of the
disadvantages of traditional converters [4-7]. What increases and raises the efficiency rates of
these systems as a result of improving performance also enables them to be desirable and safe.
Therefore, it can be said that modern systems enjoy the presence of power devices [8-10].
Electronic power converters are among the electronic power converters in many applications.
The widespread use of converters in various applications such as battery charging systems,
systems for supplying engines with the specified voltage, and lighting systems, in addition to
their primary use in power plants and satellite applications in space [11, 12]. Different power
generation systems that may not be suitable for the loads require Power transformers to
achieve the desired operation. The transformer can be classified according to the input and
output of four types or classifications, including a direct current input or an alternating current,
as well as the output, which is a continuous input and a continuous output, another is a
continuous input and an alternating output, a third is an alternating input and an alternating
output, and finally an alternating input and a continuous output. The converter can also be
single or three-phase. It can also be a riser or a reducer, and so it can be said that there is a
significant number that covers all the outputs required to feed the loads with appropriate
electrical quantities [13,14].

The system includes energy sources, power-electronic systems, PWM technique and
controller with load). Energy sources like PV system, wind, dc power supply, ac source...etc.
[15, 16]. The power-electronic systems include first, single phase or three phase inverters
[17]. Second, single phase or three phase rectifiers [18, 19]. Third, single phase or three phase
ac-ac converter [20]. Fourth, dc-dc converter like boost dc-dc converter, buck dc-dc converter,
buck-boost dc-dc converter [21, 22]. The controller includes first type Proportional, Integral
and Derivative (PID) that called classical controller. Second type, expert system like fuzzy
logic controller and artificial neural network (FLC&ANN) [23-25]. Third types, Optimization
controller like Genetic Algorithm (GA), Particle Swarm Optimization (PSO), Grey Wolf
Optimizer (GWO), Biogeography based optimization (BBO) and Flower Pollination
Algorithm (FPA) ...etc. [26-28]. The final part in the system include resistance load, light,
motor (DC motor, induction motor(l.M.) brushless DC (BLDC) motor,
permanent magnet synchronous motor (PMSM), servo motor, brushless permanent magnet
(BLPM) motor, stepper motor ....etc.[29-31].

In the current study, the researchers presented a simulation model in which a step-down
converter was designed for an input voltage higher than the output voltage and fed the load
with the required voltage. The system components of the converter were suitable, the required
voltage was provided, and verifying the effectiveness of the system requires writing the
special code that represents the system and building the model to conduct the proposed
simulation, as in the following paragraphs. After building the model, simulation results can
be obtained, analyzed, and appropriate recommendations can be made as a result of the
behavior obtained according to operating conditions suitable for many similar applications in
future work.

2. Topology of buck converter and Essentials for using an electronic converter
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The paper presents the basics of topology of buck converter, how it works and how to design
it. It is characterized by the fact that it works to convert a voltage value from a fixed value
linked by the power source to a variable value at the output terminal linked to the load to be
equipped with a specific voltage. It is known that normal converters operate on alternating
current, while to convert direct current, electronic converters are used as an alternative to
normal transformers, in addition to the presence of electronic converters for alternating
current with the possibility of controlling a variable output at the output end of the
transformer. Some converters work to reduce the electrical quantity coming out of the
converter and are called step-down converters. There is also another type of transformer that
works to raise the transformer output value above the input value and is called the step-up
converter. Hence, the importance of using electronic transformers is highlighted, and some
important applications can be mentioned, such as DC power supplies and solar energy systems
when using Maximum Power point Tracking, In addition to converting energy and
transmitting it as direct current.... etc. It works according to the principle of using

electronic switches such as thyristors and transistors. Within the opening and closing periods
of the switches, the required transformer output can be controlled. A filter can also be added
to obtain a pure output free of distortions.

The hypotheses through which the research steps are carried out when the power source is a
DC source such as batteries or a solar energy source with a voltage of fifty volts and a load is
to be operated at a voltage lower than the source voltage, say twenty volts. The available
options are: First, use a normal transformer as show in fig.2. This option cannot be used
because the transformer operates by induction, which is not possible with DC current, so this
option is excluded. The second option is to connect a resistor in series with the source and
perform the necessary calculations to choose its value to be another load that takes the
remaining voltage from the source voltage as show in fig.3. Thus, a current will pass and there
will be power losses, and this option will also be excluded. High losses mean low efficiency,
which is a negative for the second proposal.

From the previous test, i.e. adding a resistance, it is possible to add a variable resistance, a
potentiometer as show in fig.4, to control raising or lowering the output voltage, but there will
be power losses, so they are compensated for or replaced by an electronic switch such as a
transistor that works with a linear regeneration system. This means that the total output current
of the transistor depends on the base current multiplied by a gain ratio called beta. The
relationship is direct between the current and the output voltage and direct with the base
current. Therefore, it is possible to control the transformer output and supply the load with
the required voltage by controlling the transformer input current. These circuits are called
linear voltage regulators and are widely available in the labor market. Also, this proposal has
the disadvantage of having lost power due to the voltage drop between the two ends of the
electronic switch.

The best solution is to use a switching converter (DC chopper) as show in fig.5, in it the
transistor does not operate in the linear region, but rather in saturation and cutoff, i.e. it is
either a switch in the conduction or disconnection state, depending on the condition. When
this type is used, the value of the converted output can be controlled through the duty cycle,
which depends on the ratio between the period of operation or connection of the electronic
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switch to the sum of the periods of operation and disconnection. It can now be widely used to
control the speed of motors that are used in many applications. This case is also characterized
by the absence of losses as a result of the power on the switch being equal to the current times
the voltage, and the voltage being zero as a result of connecting the switch, and thus the power
loss being equal to zero. When the switch is in the non-conducting state, the current value is
equal to zero, and therefore the power loss is also equal to zero.

———»
DC input DC output
DC
J
Fig.1. DC-DC Converter (DC chopper) system
Vo——— RL
Fig.2. a normal transformer
ls RL
Vs —_— IL
Fig.3. connect a resistor in series with the source
Is RL

Vs——

I

Fig.4. connect a resistor in series with the source (a variable resistance, a potentiometer)
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Fig.5. a switching converter (DC chopper)

3. Buck converter design and using simulation by matlab
3.1. Buck converter design
The Buck converter has the following Parameter, Vin=50Volt; D=0.4; C=100microfirad;
L=400microhinrey; RL=20ohm; F=20 Kilohertz. At assuming ideal component then calculate
the output voltage (\Vo); minimum and maximum inductor current (ILmin & ILmax); peak to
peak output voltage ripple and voltage ripple content. First step calculates the Vout by using
Vin and D that show in equation one below:

Vout =VinxD (1)
Vout=Vin*D=50*0.4=20Volt
Second step calculate the lout, the buck converter works according to the operation of the
electronic switches. The mode can be known through the circuit current, the output current,
and the sub-currents of the inductor and capacitor. The output current can be calculated
mathematically after calculating the output voltage from the following equation No. 2:

Vout
lout = R (2)
] t_Vout_ZO_lA
out = R 50 = mper

The boundary value of the output current is calculated and compared with the value of the
output current to know the type of operation. Common mode continuous operation when the
output current is greater than the boundary value of the output current as in the first case to
calculate the output current or the circuit

load current as in the following third equation:

Vout(1 — D)
- B
ILB = Vout(1—-D) 20%(1—0.4) _ 0754
T 2LF  2%400%10-6x20x103 7 0OTPer

When lout>ILB that mean converter operating in CCM. Then the change in current
(AIL: Peak — peak ripple current) can be calculated when the output current is greater than
the boundary current of the output current from the following relationship:
Vout(1 — D) 20%x(1—-0.4)
~ 2LF 400 %1076%20 103
The next step is to calculate the highest and lowest output current from the following two
relationships:

= 1.5Amper

AIL

IL = lout + — 4
max = lout + -— (4)
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IL =] t+A1L—1+1'5—175A
max = iou IF = 2 = 1. mper
ILmin = lout AlL 5
min = lout — 7= (5)
ILmin = lout AIL—1 1'5—025,4
min = [ou IF = 2 = V. mper

Then comes the step of calculating the change in the output voltage value, which can be

represented by the equation below, and calculating its value from this equation as follows:
Vout(1-D

AVout=——— (7)
8+LCF

- -3 _
AVout= 8«LCF2  8x400%10-6x100%10~6%(20%103)2 32 0.09375Volt

Vout(1-D __ 20(1-0.4)
Finally, the voltage ripple content can be calculated from the following equation:

Voltage ripple content = - ** (6
oltage ripple content = Vout (6)

AVout _ 0.09375
Vout 20

=0.47%

Voltage ripple content =

3.2. Simulation of Buck converter

To build the model and conduct the proposed tests, it can be presented in steps:

The first step is to build the code and write the system information that represents the data. It
included the input voltage, which represents the value of the supply voltage, the resistive load,
the amount of inductance and capacitor, the frequency of change to open and close the
electronic switch, and the percentage of change between the input and output voltages, as in
fig.6. The second step is to write the mathematical relationships between the components of
the system to calculate the electrical quantities of the output, including the current and voltage
of the resistance, inductor, and capacitor, and the rates of change with those values, as in the
fig.7 and third fig.8. The third step is to build a simulation model and look at the behavior of
the system, as in the simulation model in Fig. 9, and the simulation results as in the figures
(10-13). As a first step, using the same mathematical relationships using the MATLAB
program to calculate the mathematical quantities that represent the results of the proposed
simulation, the MATLAB program is applied to calculate them as in the following figures:

tParameters of dec—de conwver

- Wd=50; FVd:inpu
D=0.4;
L=400e—-6&;

- C=100e—-6;

oo
¥
0"

voltage sour

)

1

F=20e3;
E=20;

=] & A = L b

Fig.6.m-file for Parameters of buck dc-dc converter
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1 f(Parameters of buck deo-dco converters

2 — Vd=50; $Vd:input dc voltage Source

3= D=0.4;

4 — L=400e—-&;

5= C=100e-&;

6 — F=20e3;

T = B=20;

=] s$Calculation of Vo, ILmax,ILmin,Vo-pp ripple and V_ripple content
Ll = Vo=D*Vd; ¥Vo=0.4%50=20Voltc

10 — Vo

13 = ITo=Vo/R;:Io=20/20=1Ampexr

12 — Io

13 — ILEB=(Vo* (1-D) )}/ (2*L*F) :2$ILE=20(1-0.4) /2*4002—6*2023=0. TSAmMpDeT
14 — ILE

a e Tox>ILBX¥Converter operating in CCHM

16 — dIL=(Vo* (1-D) )}/ (L*F) ; $ILE=20(1-0.4) /400e—6*20e3=1, SAmpex

17 — dIL

1s — ILmax=Ico+dIL/2; % Ilmax=1+1.5/2=1.75Amper

15 = ILmax

20 — ILmin=Io—dIL/2;%ILlmax=1-1.5/2=0.25Amper

21 — ILmin

22 — dvo=(Vo* (1-D)} )}/ (B*L*C~*F~2) ;%$20(1-0.4) /8*400e—6~100e—6* (20%e3) ~2=3,/32=0.09375volt
23 — dVo

24 — VCr=dVo,/Vo;$VCr:Ripple woltage content=dVo,/Vo=0.09375,/20=0.47%
25 — VCr

e o |
Fig.7.m-file of buck dc-dc converter with mathematical relationships between the

components of the system

|Ne‘w to PMATLAEBT See rescources for Getting Started.
Wo =
Z0
ILmaxx =
To = A .7500
a
ILmin =
ILE = O _Z500
0. T500
dWo =
ans = 0.09328
a
WMo =
ATI. = O ._.00497
Jx 1.5000 Jx

Fig.8. Results of mathematical calculations of buck dc-dc converter
After obtaining the data required for the design through applying the mathematical
representation of the model, the simulation model is built to verify the effectiveness of the
system by adopting the results of the proposed simulation according to the following system
tests:Using the simulation model in the figure 9, which represents the system components and
determining the operating time of half a second, we notice through the simulation results that
the required output is obtained, as in the figures (10-12):
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Display1

pulse

Scope3
@ [pulse]| Continuous
+
Goto2 powergui
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0.2491

0

0

;
%

Generator

Mosfet L
o
I

- Goto Diode
[ Vo1

[vd] Scope2

From1 Vinput  [[lpulse] -
50) >
Vin From2 -

Display2 From3

N

Fig.9.Simulation model of buck dc-dc converter

| Scopead — ] =
=N+ B =T = O o] = - (== R~ ey S e =

woltage cubput

22

21

20

18

18
O.a8 0. a8s5 [ et=] [ ER = 1Y 0.5

Time offset: O

Fig.10. Simulation result for voltage output of buck dc-dc converter
The simulation results can also be observed and analyzed on the other hand for the output
current associated with opening and closing the electronic transistor switch. We notice that
when the switch is in the on state, there is a gradual increase in the current value until it
reaches the highest value (1.75) which is the value that was calculated mathematically. After
disconnecting the switch, the current begins to decrease until it reaches the lowest value (0.25)
which was calculated theoretically, which confirms the effectiveness of the system and the
consistency of the simulated results with the mathematical calculations as in the figure below:

| Scopel — ] >

=2 A S IR |IE e | (|08 ~

courre vk

O 47730 4FF 30 47720 47740 47 F530 47780 . 47780 477 T

Time offset: O

Fig.11. Simulation result for current output of buck dc-dc converter
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| Scope3 — (- >

= e | @l | D a8 s o

DAV FR0. 47730 47720 477 A0 A7 750 A7 V8D A7 780 477 7

Time offset: 0

Fig.12. Simulation result for pulse of buck dc-dc converter

It can be observed that the transformer is in a continuous operation state through the current
results, which show that the current does not drop to zero and that it operates between the
highest and lowest values calculated for this mode.

To analyze the behavior of the system, the relationship between the change in current and the
states of the electronic switch can be shown by looking at the fig.13 below. It can be observed
that the value of the current increases and decreases with the change in the period of opening
and closing the switch between two values, the highest and the lowest value of the current.
1.75 represents the highest value and 0.25 represents the lowest value of the current. In
addition to the possibility of observing the change in the value of the output voltage, as in Fig.
14 below:

= eS| R E e S el >

o.o0z60 o.oze0 00261 00261 00261 0.0261

= offset: o

Fig.13. Simulation result for voltage output of buck dc-dc converter

#. Scoped — (] >

S e ale s | DM D e & |oE -

woltage output

201 f
20.05 | .
SAAAYAAVAVAVAVAYA
19.95 1

19.9 I

18.85 [
04773 04774 0.A7Ts 0477 E O.4F7 T

Times offset: 0O

Fig.14. Simulation result with change in the value of the voltage output of buck dc-dc
converte
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4. Conclusion

Tests were conducted using Matlab to simulate the step-down converters, and the possibility
of obtaining the specified voltage to meet the demand was verified. It was achieved to build
a model of the step-down converters that can be used in many applications by verifying the
effectiveness of the model used in the current simulation to suit operating conditions similar
to work in real time. It was possible to represent the system after tests were conducted after
representing the model mathematically and mathematically by writing the system
specifications code in the C++ programming language through the MATLAB program,
representing the model in the form of a block, and conducting tests to represent the system
parameters. The two operating states of the linear system with a fixed load were verified as
follows: The condition of providing the scheduled voltage with changing load has been
verified, which is the case of nonlinear systems, which is compatible with many systems in
industrial and other applications. The current model can be adopted to operate loads whose
output voltage is proportional to the converters output.
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