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DC-DC converters are one of the crucial tools of power
electronics. Choosing the right materials while designing
converters is essential to obtaining the right results. When
selecting these components, the requirements of the intended
application and the type of DC-DC converter that is to be used
should be considered, and appropriate calculations should be
carried out accordingly. Components should then be selected
based on these calculations. These calculations differ with the
requirements of the application and the type of the converter.
These calculation tools are rare in market except for commercial
material manufacturers. In this study, a Python-based software
has been developed to fulfill this task. This software is designed
to be used by individuals of all levels of knowledge. It is thought
that it will provide great convenience in material selection for
undergraduate and graduate students and engineers who design
electronic cards.
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araclarmdandir. Doniistiiriicii tasariminda dogru malzemelerin
secimi, dogru sonuglarin elde edilmesi agisindan Snemlidir.
Malzemeleri secerken, kullanilacag: uygulamanin
gereksinimlerine ve hangi DC-DC doniistiiriicii kullanilacagina
bakilarak ona uygun olan hesaplamalar yapilmalidir. Yapilan bu
hesaplamalara gore se¢im yapilmalidir. Hesaplamalar
uygulamanin gereksinimine ve doniistiirliciiniin ¢esidine gore
farkliliklar gosterir. Piyasada bu hesaplamalart yapmak igin
gelistirilen, ticari yazilimlar diginda ¢ok az sayida yazilim
bulunmaktadir. Bu ¢alismada bu gorevi gerceklestirmek iizere
Python tabanli bir yazilim gelistirilmistir. Gelistirilen yazilim
her bilgi diizeyinden kisiler tarafindan kullanilabilecek sekilde
tasarlanmistir. Elektronik kart tasarimi yapan lisans, lisansiistii
ogrenciler ve mihendisler i¢in malzeme sec¢iminde biiyiik
kolaylik saglayacag diisiiniilmektedir.
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1. INTRODUCTION

Power supply technology provides the opportunity to us to build and operate electronic circuits and systems.
Every electronic circuit needs a dc power supply to run. These circuits require different voltage levels. The
dc voltage is usually derived from batteries or ac power supplies by using transformers, rectifiers and filters.
This raw dc voltage has high ac ripple that is not appropriate to feed electronic circuits. In some cases, this
voltage carries the harmonics from unfiltered ac power supply. These unwanted effects can significantly
affect the performance of electronic systems, causing malfunctions and inefficiencies. To ensure the quality
of dc voltage, DC-DC converters are obligated to use. DC-DC converters do not provide just more stable
voltage, they also provide flexibility to change voltage level according to requirements of the electronic
systems. By regulating and converting DC voltage efficiently, DC-DC converters help optimize power
usage and improve the overall efficiency of electronic devices [1].

For different kind of applications, a vast variety of DC-DC converters have been developed. This article
has been written with the intention of it to become a hand guide and a useful application to the ones that
work with or will work with DC-DC converters. This article presents a detailed study for seven widely used
DC-DC converters: buck, boost, buck-boost, cuk, flyback, forward and push-pull have been selected for
this research. These converters have been selected due to their prevalence in various industrial and
consumer electronics applications. This work stands out by combining theoretical analysis with a Python-
based application. Both theoretical analysis and application show how components of DC-DC converters
should have been selected. The parameters of components that should be taken note of are inductance and
capacitance values, and voltage and current ratings of switches and diodes [2-4].

DC-DC converters operate in three distinct modes depending on inductor current: Continuous Conduction
Mode (CCM), Boundary Conduction Mode (BCM) and Discontinuous Conduction Mode (DCM). In this
article, analysis and derivation of the dc voltage transfer functions of DC-DC converters have been done in
BCM. Additionally, the derivation of the theoretical equations in the article was also carried out in BCM.
However, the developed software is able to calculate the required values for three different modes of DC-
DC converters. [1,5-6].

In order to complete the theoretical framework, a computer application has been developed for this article.
When the developed software is compared with its commercial equivalents, it is seen that it is designed for
the materials that commercial brands produce themselves. Developed application is designed to be brand
independent. It is developed to assist engineers, researchers, and students in calculating key parameters,
such as inductance, capacitance, voltage and current values of the components of the seven DC-DC
converters that have been dwelled upon in this article. The software is designed for universal accessibility,
featuring a simple and user-friendly interface. At the top of the interface, users can select their desired DC-
DC converter type from the tabs. Then, they input the required parameters for their specific application,
such as input voltage, output voltage, switching frequency, and transformer turn ratio. Next, they choose
the operating mode for their DC-DC converter. Once all parameters are set, clicking the "Calculate" button
generates the necessary component values. Users also have the option to print the calculated values or save
them as a TXT file directly through the software.

Developed using Python in this software, Tkinter library has been used to develop user interface. The
application uses a tabbed interface structure where each DC-DC converter topology has its dedicated tab.
The main components are a notebook widget for tab management, circuit diagram display using canvas,
input fields, mode selection using radio buttons, and calculation results display. The application is packaged
into a standalone executable using Pylnstaller, making it easily distributable to end users. The distribution
package includes the main executable file and images of circuit diagrams [7-10].

This article aims to bridge the gap between theoretical analysis and practical application by providing a
comprehensive guide to DC-DC converters and an accompanying software tool for convenient calculations.
With the continuous evolution of electronic systems and the increasing demand for efficient power
conversion solutions, the insights and resources presented in this research will be a crucial data for the ones
that related to power electronics. Calculations have been made in detail for all converters given in the tabs
in all modes separately. However, instead of sampling all the forms made in the developed application,
examples that are different from each other are given.
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2. MATERIALS AND METHODS
2.1. Buck Converter

A DC-DC buck converter, as shown in Figure 1 below, is used to produce lower value output voltage from
higher value input voltage. There are various applications that buck converter used in, for example, battery
operated portable devices, power supplies to laptops, smart phones, power supply network in data centers
and electric vehicles. In some applications where the polarity of output voltage needed to be negative, thus
the polarity of the input voltage should be negative. Regardless of the comparison between the polarity of
input and output voltages, the output voltage polarity will always be same as input voltage [6,11,12].

sw L

\ / LI

T
Input _L+ < c= R Output
Voltage |' A Voltage

Figure 1. Buck converter circuit

Buck converter can be observed in two states as switch on and switch off as shown in Figure 2. When the
switch is on it acts as a short circuit and diode is reverse biased and acts as an open circuit. In this state,
input directly supplies energy to the output and inductor. When the switch is off it acts as an open circuit
and diode is forward biased and acts as a short circuit. In this state, input has no connection to the output
nor inductor and the inductor supplies energy to the output. According to switch on and off states, inductor
current is obtained as shown in Figure 3. By using this graph, all desired equations can be calculated [1],
[13-14]. The derivations and calculations of buck converter are shown in Equations (1-23).

SWITCH 0000
ON L
:% CcC = R §
v
SWITCH 0000
OFF L
+
== Cc == R §
v

Figure 2. Buck converter ON/OFF states

it
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Figure 3. Inductor current graph of buck converter in CCM

Switch is ON STATE:

Ve = Vin = Vour (D
_ g adin(®

V(0 = 190 @

Vin - Vout) DT = AlL (3)
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Switch is OFF STATE:

Ve, = Vou @
(1 - DYT = A, ®)
bt (1 _ py = WonVous ©
D= % (7

If buck converter works in BCM, inductor value should be like this:

A
Loyt = TL 3
(Vin—=Vout)DT (1-D)R
L= = 9
Zlout 2f ( )
Capacitor should be selected according to output voltage ripple sensitivity:
VinD(1-D)T? 1-D
= = 10
8LAVout 8Lf2(MVout/Vout) (10)
Switch and diode parameters are:
Al
IL(max) = Loy + % and Vg = Vi, sy = IL(max) »Vp =V, Ip= IL(max) (11)

Since buck converter has a wide range of applications, its control is extremely important. The output voltage
must remain constant even if the input voltage increases or decreases. There are two control types as open
loop control and closed loop control. Closed-loop control is preferred to obtain more accuracy and
precision. Generally, one of the P, PI, PID control methods is used in power electronics applications. When
setting up control circuits, the transfer function of the relevant circuits must be calculated firstly.
Calculation steps of a transfer function are given below between Equation 12 and 16.

diL®) _ Vin(®-Vour(®) (12)
dt L
dip(t) _ dic(t) , dir(t)
dc  dt + dt (13)
Ul NowS) — 2V () + SCV e (0) + Oy (0) + Lot (14)
Voue(s) 1
= 15
Vin(s) szLC+%s+1 (15)
(dez+Kps+Ki>' Vin
T L) _ s LCs2+§s+1 _ %deh%l(pﬁ%ﬁq 16
(s) = 1+L(s) Kgs2+Kps+K; v T o3 ( L Ving Vo2, (L Ving V., Ving (16)
1+< @~ P ‘)( i ) s +(RC' LC"d)S +(LC' LC“P)S‘ LCc i
S LCs2+gs+1

After the calculation of transfer function, K, K; and K4 parameters should be determined. Calculation steps
are given between Equation 17 and Equation 23.

s3 +2{w,s* + wis+ w3 =0 (17)
1 Vin
—+ K, = 20w, (18)
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1 Vin _

E + E Kp = (,()72l (19)

K = w} (20)
LC 1

Ke == (260 —7) @h

_ L 2 1

Ky = (02 -52) (22)
LC

Ki= 2o} (23)

According to PID parameters and duty cycle, the gate terminal of Buck converter’s switch can be triggered.

The block diagram of the closed loop control for Buck converter is shown in Figure 4.

Kd.s2+Kp.s+Ki 1

Ref Error ALESTTAP.STA »( 1

s ’ L*C.s2+L/R s+1 D

SetPoint Vin Y(ouy
PID(C(s)) Buck Converter(G(s))

Figure 4. Block diagram of closed loop control
2.2. Boost Converter

DC-DC boost converter, as shown in Figure 5 below, is a step-up converter that means output voltage is
always greater than input voltage, and the polarity of input and output voltages are always the same. It is
generally used in regulated dc power supplies and regenerative braking systems [4-5], [13].

L D
B0 1

Input _|
Voltage

%

-||:}sw e

R Output
Voltage

Figure 5. Boost converter circuit

A DC-DC Boost converter can be reviewed in two states as switch on and switch off states as shown in
Figure 6 such as a Buck converter.

e SWITCH 1
ES oN c= R
v

— SWITCH c= R
v | OFF

Figure 6. Boost converter states

When the switch is on state that makes it short circuit and diode is reverse biased that makes it open circuit.
In this state output is isolated and input supplies energy to the inductor. The current supplied to output is
discontinuous and the filter capacitor must supply dc current to output when diode is off state. When the
switch is on state that makes it open circuit and the diode is forward biased that makes it short circuit. In
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this state output is fed from inductor as well as from input. In the meantime, the filter capacitor is charging
[13,14]. The derivations and calculations of boost converter are shown in Equations (24-34).

Switch is ON STATE

v, =V (24)
ACERE = (25)
‘%DT = Ai, (26)
Switch is OFF STATE

Ve = Vin - Vous 27)
Uin—Voud) (1 _ pry = g (28)
Win - Voue) ‘LV‘"“) (1-DT) =2 pT (29)
D=1- ‘f—; (30

If boost converter works in BCM, inductor value should be like this:

Vin _ Aig

I = (1-D)’R _ 2 3D

__ ViyDT _ D(1-D)?R

T o2y, 2f (32)
Capacitor should be selected according to output voltage ripple sensitivity:

_ VoueDT _ D

" R0Vour  RfF(AVout/Vout) (33)
Switch and diode parameters are:

Al

IL(max) =0+ % and Vsy = Voue » Isw = IL(max) Vo =Vour s Ip = IL(max) (34)

2.3. Buck-Boost Converter

Buck-boost converter, in another words step-down/step-up converter can give an output voltage that can be
either higher or lower than input voltage. Its main applications are regulated power supplies where a
negative-polarity output voltage may be desired. The buck-boost converter can be obtained by cascade
connection of step-down (buck) converter and step-up (boost) converter, in a condition that the switches of
both converters have same duty ratio. The cascade connection can be obtained into a single buck-boost
converter that is shown in Figure 7 [13].

SwW D
i<
4 !
o
Input _1+ - Output
prm— L C == R
Voltage |' g ; Voltage

Figure 7. Buck-Boost converter circuit
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Buck-boost converter can be analyzed in two states: switch on and switch off that is shown in Figure 8. In
switch on state switch acts as short circuit and diode is reversed biased and acts as open circuit. In this state,
input provides energy to the inductor. In switch off state switch acts as an open circuit and diode is forward
biased and acts as short circuit. In this state, the inductor provides energy to the output and the output
voltage will be negative when the ground is reference point [13-14]. The derivations and calculations of
buck-boost converter is shown in Equations (35-45).

SWITCH ON

SWITCH OFF

Figure 8. Buck-Boost converter states

Switch is ON STATE
VL = Vin (35)
v,(t) = L4O (36)
dt
Vin .
~DT = A, (37
Switch is OFF STATE
V. = —Vour (3%)
—Vout _ A
P’ (1-D)T = Aj, (39)
A pT = = (1 - D)T (40)
_ Vout
b= Vout=Vin (41)

If buck-boost converter works in BCM, inductor value should be like this:

VinD ﬂ
L™ (a-p2r ™~ 2 (42)
_ VipnDT _ (1-D)?R
L= ST (43)
Capacitor should be selected according to output voltage ripple sensitivity:
VoutDT D
= = 44
RAVout  Rf(BVout/Vour) @4
Switch and diode parameters are:
A
IL(max) =1+ TL and Vsy = Vi — Vour > Lsw = IL(max) Vo =Vin =Vour » Ip = IL(max) (45)
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2.4. Cuk Converter

Cuk converter is a derivation of boost-buck converter. The output voltage of cuk converter is either smaller
or larger than the input voltage. The polarity of the output voltage is opposite of the input voltage. The
inductor on the input side acts as a filter for power supply to prevent large harmonic content. Unlike the
other converters, capacitor C; stores and transfers energy. The circuit of cuk converter given in Figure 9
[1,13,15].

L1
0000

il

7BO00

Output

Input _[+
[ Voltage

Voltage

—{[:Elf sw D

'S

Figure 9. Cuk converter circuit

Cuk Converter can be analyzed in two states: switch on and switch off. When the switch is on, it acts as a
short circuit and diode is reverse biased and acts as an open circuit. In this state, inductor currents [;; and
I;, flow through the switch, C; discharges through the switch and transferring energy to output and L.,
meanwhile, input feeds energy to L;. When the switch is off; it acts as an open circuit and diode is reverse
biased and acts as a short circuit. In this state, inductor currents I;; and [;, flow through the diode, C;
charges through the diode from both input and L,, energy stored in L, feeds the output. The derivations and
calculations of Cuk converter is shown in Equations (47-63). The states of Cuk Converter are represented
in Figure 10 [13-15].

LR I LTI
L, [ L,
+
_—? SWITCH C =/ R§
v ON
T —| T
L C L
—* SWITCH == R §
v’ OFF

Figure 10. Cuk converter states

Switch is ON STATE

icr = —Ipp (46)
Switch is OFF STATE

ict = I 47)
~Voutllz = Vinlia 48)
[Gc)ctoseal DT + [(ic1)open] (1 = D)T =0 (49)
—1;,DT +1;,;(1—-D)T =0 (50)
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D = —ou_ (52)

Vout—Vin

If Cuk Converter works in BCM, inductor value should be like this:

(1-D)2R
L =2 (53)
1-D)R
L= &2 (54)
Output capacitor should be selected according to output voltage ripple sensitivity:
1-D
2= 8Ly f2(AVout/Vout) (53)
Input capacitor should be selected according to capacitor voltage ripple sensitivity:
DVout
C, = —— 56
17 Rfave (56)
Switch and diode parameters are:
VO'LL
ILZ = Tt (57)
VOU.
Iy =11, Tnt (58)
. VinD
Biyy =75 (59)
. VinD
Ay = (60)
ILl(max) =1+ e (61)
Aip,
Ipnax) = Iz + =7 (62)
Vow = Vin s Isw = liigmax) T Liztmax) » Vo = Vour » Ip = Liigmax) + IL2imax) (63)

2.5. Flyback Converter

Flyback converter is an isolated or transformer version of buck-boost converter. In flyback converter,
inductance of buck-boost converter is replaced by a transformer and a magnetizing inductance added to it.
Flyback converter generally used in applications that demand below 50W power. On the contrary to buck-
boost converter, according to replacement of transformer windings, the polarity of output voltage can be
either positive or negative in flyback converter. The circuit of flyback converter represented in Figure 11
[1,14,16].

L C J_ R Output
-|_ oltage
Input__| b :

Voltage]

iR

Figure 11. Flyback converter circuit
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Flyback converter can be analyzed in two states: switch on and switch off. When the switch is on it acts as
a short circuit and diode is reverse biased and acts as an open circuit. In this state, the current in the
magnetizing inductance increases linearly and there is no current in the ideal transformer windings. When
the switch is off it acts as an open circuit and diode is forward biased and acts as a short circuit. In this state
magnetizing inductance supplies current to the ideal transformer windings therefore to the output. The
derivations and calculations of flyback converter is shown in Equations (64-74) The states of flyback
transformer are represented in Figure 12 [1,13,15].

B INEEE

B

SWITCH
OFF

——
LA

—1*
[

L

Figure 12. Flyback converter states

Switch is ON STATE

Vi = Vi 64
AGENES (65)
‘%DT = Aj, (66)
Switch is OFF STATE

V, = Voue x—: (67)
VT”%—: (1-D)T = Aj, (68)
- pT = V"T“tx—: (1-D)T (69)
D= vt (70)

VoutN1

If flyback converter works in BCM, inductor value should be like this:

_ VD (N2)\% _ iy

L™ (1-p)2r (Nl) T2 (71)
_ VinDT _ (1-D)?R (N;\?

L= 21,  2f (Nz) (72)

Capacitor should be selected according to output voltage ripple sensitivity:

_ VoutDT __ D

C =
RAVout Rf (AVout/Vout)

(73)
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Switch and diode parameters are:

Al
IL(max) =+ =L

2 (74)

N N N
Vsw = Vin + VoutN_: » Lsw = IL(max)N_j Vp=V; N_j —Vour » Ip= IL(max) (75)

2.6. Forward Converter

Forward converter is one of the converters that derived from buck converter. It is made by adding a
transformer and diode D; between switch and diode D,. It has three transformer windings. Windings 1 and
2 are used for voltage transmission from source to load, winding 3 used to allow a path to magnetizing
current that it can go down to zero before a new switching cycle. Forward converter used in applications
up to power level of a kW that needs isolation. The circuit of forward converter given in Figure 13 [1,15],

[16].
. N3
b3 % N
e D2 & C= R% Output

Voltage

»

Input _ |
Voltage |

min

Figure 13. Forward converter circuit

Forward converter can be analyzed in two states: switch on and switch off. When the switch is on, it acts
as a short circuit, D5 is reverse biased and acts as an open circuit, D, is reverse biased and acts as an open
circuit and D, is forward biased and acts as a short circuit. In this state, energy is transferred from input to
output and stored in magnetizing inductance L,, and inductive element L,.

When switch is off, it acts as an open circuit, and D, is reverse biased and acts as an open circuit, D, is
forward biased and acts as a short circuit and D5 is forward biased and acts as a short circuit. In this state,
inductive element L, supplies energy to output. The magnetizing current that stored in the core of the
transformer dissipated through the winding 3 and diode D5. The derivations and calculations of forward
converter are shown in Equations (76-89). The states of forward transformer represented in Figure 14 [14-
16].

I 0000

\
e

=

SWITCH ON

.

SWITCH OFF

Figure 14. Forward converter states
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Switch is ON STATE

_ N2
VLx - VinN - Vout
1

_ dipx(t)
Vie(t) = Lx "

(Vl = Vout) == Aipy

n N_1 - Lx
Switch is OFF STATE
Vie = Vour

V .
UL (1 —D)T = Aip,

(Vin 22 = Voue) 22 = 225 (1 = D)T

N, Lx Lx

_ Vout
D= —¢
Vin 2

N1

If forward converter works in BCM, inductor value should be like this:

— Vout _ Alx

I, =

Lx R P
Vout(1-D)T 1-D)R

Lx = out(1-D)T _ (1-D)

2px 2f

VinD

Lm = ——
Aipmf

Capacitor should be selected according to output voltage ripple sensitivity:

__ Vinb(1-D)T? _ 1-D
8LXAV,yt 8Lxf2(AVout/Vout)

Switch and diodes parameters are:

Ai
ILx(max) =1+ TL

N N.
Vsw = Vin (14732) s Isw = ligman) 2+

N3

D1 n N3

2.7. Push-Pull Converter

—Vout s Ip1 = ILx(max) Vo2 = Vour s Ipz = ILx(max) »Vps =V;

(76)

(77

(78)

(79

(80)

(C2))

(82)

(83)

(84)

(85)

(86)

87

(88)

(89)

Push-pull converter is another example derived from buck converters. Its main advantage is that its switches
are driven with respect to the ground. The disadvantages of the converter are that the voltage stress of its
switches is high equal to the 2V;,, and during the power transfer, only one half of the primary and secondary
windings of the transformer used. The switches of push-pull converter operate shifted in phase by T/2 with
the same duty ratio, so, the duty ratio of switches must be smaller than 0.5. The power level of its
applications differs from 150W to 500W. The circuit of push-pull converter is represented in Figure 15

[1,14,16].
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Np : Ns L
o L]
P2 Output
utpu
P2 || s2 R
¢ Voltage
o L]
P1||s1
D1
Input __[ +
Voltage ~ 1

{1} A g

Figure 15. Push-Pull converter circuit

Push-pull converter works in two intervals that follow one another, that one interval can be analyzed in two
states as shown in Figure 16.

E

o o BO00
SWITCH 1 OFF % é = $

-

Figure 16. Push-Pull converter states in T/2

When switch 1 is on, it acts as a short circuit, D; is forward biased and acts as a short circuit and D, is
reverse biased and acts as an open circuit. In this state, input directly supplies energy to output and charges
inductor. When switch 1 is off, it acts as an open circuit, D; is forward biased and acts as a short circuit and
D, is forward biased and acts as a short circuit. In this state, inductor supplies energy to output, D; and D,
equally share the current of the inductor. Same things are going to happen for the other interval [1,14]. The
derivations and calculations of Push-Pull converter are shown in Equations (90-102).

Switch is ON STATE
Ns
V. = Vin N Vout (90)
P
dig(t
AGERES ()
N. DT .
(Vin 32 = Vo ) 2 = 2, ©2)

Switch is OFF STATE
VL = Vout (93)

Vou .
U (1 - D)T = A, (94)
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Ny DT Vou
(Vin 3z = Voue ) 50T = 2221 = D) (95)
_ VoutNp
- 2VinNs (96)

If push-pull converter works in BCM, inductor value should be like this:

_ VYour _ Aig

= Tom X ©7)
— YourDT _ R (1

L= 20, 2f(2 D) (98)

Capacitor should be selected according to output voltage ripple sensitivity:

_ VoutDT _ 1-2D
 RAVour  32Lf2(MVourt/Vour) ©9)
Switches and diodes parameters are shown in Equations (100,102):
Aig
IL(max) =+ 3 (100)
N3
Vow = 2Vin , Lsw = IL(max)N_l s (101)
N3
Vp = VmN_ —Vout - Ip = IL(max) (102)
1

3. DEVELOPMENT OF SOFTWARE

DC-DC Converter Calculator is a comprehensive software tool that was developed using python. This
application serves as a practical and educational tool for power electronics engineers and students. The
application lets the users calculate and visualize key parameters of various DC-DC converter topologies.

The steps of the software running algorithm as under:

Start the program

Select the converter tab and conduction mode

Enter the input values

Press the “Calculate” button to write the calculated values on the screen

If you want to print the calculated values, press “Print...” button

If you want to save the calculated values into a TXT file, press “Save as...” button
Exit the program

Nk wb =

For the user interface design, Tkinter graphical user interface library has been used. The application uses a
tabbed interface structure where each DC-DC converter topology has its dedicated tab. The main
components are a notebook widget for tab management, circuit diagram display using canvas, input fields
for voltage, power, frequency, ripple percentage, and transformer turn ratio parameters, mode selection
using radio buttons (CCM, BCM, DCM), calculation results display for inductance, capacitance, and
voltage and current values of switches and diodes [7,8].

The application covers seven fundamental DC-DC converter types: Buck, Boost, Buck-Boost, Cuk,
Flyback, Forward, and Push-Pull converters. Interface of the application can be seen in Figure 17.
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§ DC-DC Converter Calculator = (m] X

Buck Converter Boost Converter Buck-Boost Converter Cuk Converter Flyback Converter Forward Converter push-Pull Converter

D3
o N3
D1 Lx
1 . .
v —P1 L ILLN I
+ o N1 D2 [o _|_ R
Lm -

L
T
—‘ sw
Input Values Modes Calculated Values

Input Voltage (V): | O ccMm Filter Inductance (Lx): Magnetizing Inductance (Lm):
Output Voltage (V): O BeM Filter Capacitance (C): Switch Voltage:
Output Power (W): Diode 1 Voltage: Switch Current:

Frequency (Hz): R O bcm Diode 1 Current: Diode 2 Voltage:

Ripple (%): Diode 3 Voltage: Diode 2 Current:
s Diode 3 Current:
Turns Ratio (N2/N1): ]
Turns Ratio (N2/N3):
Calculate Plot Bode Print... Save as... Exit

Figure 17. Software user interface

In the application interface, each converter tab displays a circuit diagram with dynamic parameter overlays.
The application does instant computation of inductance, capacitance, and component stresses for three
modes that DC-DC converters work in: Continuous Conduction Mode (CCM), Boundary Conduction Mode
(BCM), and Discontinuous Conduction Mode (DCM). For CCM calculations, as a reference, inductor
values are calculated 30% higher than BCM in the application. For DCM calculations, duty ratio value
selected as %80 of the original value. The interface of calculations in DCM are shown in Figure 18.

[
Buck Converter Boost Converter Buck-Boost Converter Cuk Converter Flyback Converter Forward Converter Push-Pull Converter
Ns/Np = 0.50 L
Np :Ns Vout = 9V
Ld L] s
D2 L =78.00 yH
Diode2:
P2 || s2 Vi .00V c== R
1=5.88A C = 416.67 pF
@
Diode1:
V =6.00V
PL]|S1 I = 5.88A
Vin =30V o1
EEE X
T
Switch 1:
Switch 2:
B SW2 sw1 V= 60.00v D=0.24
V= so.oov—| _| 1=2.94A D1=0.16
1=2.94A
Input Values Modes Calculated Values
Input Voltage (V): 30 O ccM Filter Inductance (L): 78.00 uH  Filter Capacitance (C):  416.67 uF
s Switch Voltage: 60.00V Switch Current: 294A
Output Voltage (V): 9 O BcM : 9 :
Output Power (W):  13.5 Diode Voltage: 6.00V Diode Current: 5.88 A
O DCM
Frequency (Hz): 10000
Ripple (%): 0.5
Turns Ratio (Ns/Np):  1/2
Calculate Plot Bode Print... Save as... Exit

Figure 18. Push-Pull converter calculations in DCM
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After pressing the Calculate button, if desired, the calculated values can be sent to the printer by using Print
button, saved to a txt file by using Save as button, drawn to the bode plot of DC-DC converter by using
Plot Bode button, or can be quitted from the application by using Exit. Print, Save As and Bode Plot Screens

are shown in Figure 14 respectively.

¢ Pprint

Boost Converter Results

/

Boost Converter Results

Bode Plot of Boost Converter

Input Values:

Input Voltage: 5 V
OQutput Voltage: 10 V
Output Power: 10 W
Frequency: 50000 Hz
Ripple: 1%

Mode: DCM

Calculated Values:
Inductance (L): 8.00 pH
Capacitance (C): 80.00 pF
Switch Voltage: 10.00 V
Switch Current: 3.89 A
Diode Voltage: 10.00 V
Diode Current: 3.89 A

Input Values:

Input Voltage: S V
Output Voltage: 10 V
Output Power: 10 W
requency: 50000 Hz
Ripple: 1%

Mode: DCM

Calculated Values:
Inductance (L): 8.00 pH
Capacitance (C): 80.00 pF
Switch Voltage: 10.00 V
Switch Current: 3.89 A
Diode Voltage: 10.00 V
Diode Current: 3.89 A

Magnitude [dB]
o

Phase [deg]
U
o
&

=270 1

10° 10* 10° 10
Frequency [Hz]

Print Save as

AéEd Q=

Figure 19. Print, save as and bode plot screens

The application is packaged into a standalone executable using Pylnstaller, making it easily distributable
to end users. The distribution package includes the main executable file and circuit diagrams of images.
This tool serves as a practical learning aid for power electronics students, quick reference tool for engineers
and visualization platform for understanding converter behavior under different operating conditions.
Potential improvements can be the addition of more converter topologies, waveform visualization,
component selection recommendations, showing functions of calculations and letting users to modify the
formulas [9,10].

The DC-DC Converter Calculator is a practical engineering tool. Its modular design, user-friendly interface,
and comprehensive calculations make it a valuable resource for power electronics education and design.
This article section provides an overview of the application's development while remaining accessible to
readers with a basic understanding of power electronics and software development.

4. CONCLUSION

In this study, information related to DC-DC converters that were selected for this article has been given.
DC-DC converters are power electronics devices that change voltage levels according to user or application
needs. There are various kinds of DC-DC converters that are developed for different usage areas. Different
formulas have been computed for every DC-DC converter. These formulas are used to select components
of DC-DC converters. This article is written with the aim of making these calculations more convenient.

In this article, component selection formulas of DC-DC converters that work in BCM have been given. The
software the has been developed for this article covers the formulas for three conduction modes that the
selected DC-DC converters work in. The formulas that have been used in this study can be seen in Table 1.

Consequently, in this study, the implementation of DC-DC converter calculator software that calculates
inductance, capacitance and stress values of DC-DC converters is carried out. With this article and software,
calculations for DC-DC converters will be easier.
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Table 1. DC-DC converter formulas in BCM

Quponents Duty Cycle Inductance Capacitance Switch Diode
Converters
Vour (1-D)*R 1-D) Vsw = Vin Vp = Viy
Buck Converter D=—— L= = 3 . v aA-D)sV, v A-D)+V,
Viv 2xf 8 xL * f2 xripple Iow = our our I = our our
R 2 f *L R 2+f +L
Vin D (1-D)? %R D Vsw = Vour Vp = Vour
Boost Converter D=1- % = PRy C= R il Vi DV L Vi DV
lw=G-Dyr T 2af oL D= A-D)2xR " 2+f +L
Vour (1-D)*+R D Vsw = Vin -Vour Vp = Viy -Vour
Buck-Boost Converter = Vour — Vim = Tef C= m Vi D xVyy Vi D Vi
lw= G0y R T 27 -1 b= TR 751
1-D)*xR D * V,
L = ( ) * ¢ = oUT Vew = 1, Vo=V,
Vour 1T 2xD «f R+f * g sw= Vi > = Vour
Cuk Converter = Vour - Vm (1-D)*R oo 1-D) _ P DV Vour, DxViy ; —V”"T+ DsViy P  DsVy
la=—"% 2T Balyef2eripple [MV T U 25fxli R 2xfxly | PT TR T Zafel, Viy 2efrly
Vour * Ny Vin * Ny
S S 2 2 D Vsw = Viy + —F— Vp = ————Vour
D= (1=D)2+ R[N, N, Ny
Flyback Converter Vin . Ny +1|b=—="F\+ (= —— ) ] u
Vour = Ny 2+f \N, R * f *ripple = 7 VOZT . 2D *fVmL I = sz* 1
D * *f % A
_(-D)*R Ny Vin * N
D= Vour x = T 1-D) Vsw = Vin * 1+N_ Vo= —— Vb2 =Vour Vp3=Viv
Forward Converter - Vo s M2 B STy Ry Fr— 3 %/ D),
LA L= R & 8 Ly * f2 xripple _ ( P + (1—0)‘V,_7UT)& D+Viy Ipy=1Ipy = ouT ouT I.=0
™ 2« f\N, W Z \Vour | 29frle I Ny 2ofolm | 1 R 2 5f %Ly b3
Push-Pull C Vour * Np L= (1 ) (1-2+D) Vsw = 2% Viy Vb1 = Vo2 = Viy
- rt = = i -
ush-Pull Converter 2% Viy * Ny 2xf\2 32+ L f2eripple | 1 (Vg;r+(12—D;*VZur>% Ios = Iog = Vau1+(1—D)*Vour
*fx 1 R 2 f +L

This article and software will be a practical and educational tool for students, experienced engineers and
newly graduated engineers that are associated with power electronics. It is thought that this software will
at least be a reference point for users. In order to obtain the program, it is recommended to contact the
corresponding author via e-mail.
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