Eze. C. Cetal,, Vol 2(1), pp 25-40
https://doi.org/10.55306/CIJDTES.2025.020103

e-1SSN: 3048-8389

Ci-STEM Journal of Digital Technologies and Expert Systems

Evaluation of DC-DC Converters Using MATLAB Simulink

Eze Cornelius C.%, Obe Chinedu T.? Ugbe Oluchi C.2, Madueme Victory* and Oti Stephen
Ejiofor®,

Department of Electrical Engineering, University of Nigeria, Nsukka, Enugu State, Nigeria.
lemail: cornelius.eze.241975@unn.edu.ng, 2 email: chinedu.obe@unn.edu.ng, *email:
oluchi.ugbe@unn.edu.ng, “email: victory.madueme@unn.edu.ng, *email: stephen.oti@unn.edu.ng.

Abstract:

This study explores the design, modeling, and simulation of three
important DC-DC converter topologies—buck-boost, Cuk, and SEPIC—
employing MATLAB Simulink as a robust simulation environment. Each
converter is thoroughly modeled to assess its voltage regulation
performance under varying operational conditions. MATLAB Simulink
serves as an advanced platform for analyzing dynamic system behaviors
and optimizing critical design parameters, including duty cycle,
switching frequency, and passive filter components. The comparative
analysis focuses on output voltage stability, conversion efficiency, and
transient response characteristics. The simulation parameters, while not
exhaustive, are carefully selected to exhibit the operational principles
and performance trade-offs inherent to each topology. The findings
elucidate the different advantages and limitations of the buck-boost, Cuk,
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and SEPIC converters, providing valuable insights for selecting the
optimal topology tailored to specific power electronic applications, such
as renewable energy systems, electric vehicles, and portable electronics.
This research contributes to the broader understanding of DC-DC
converter design and its practical implications in modern power
management systems.
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1.  INTRODUCTION

DC-DC converters, which adjust the voltage of direct current (DC) from one level to another is an
aspect of electrical cum electronic area that the gains cannot be ignored. Their applications in the
renewable DGs include but not limited to wind turbines, wave generators, photovoltaic (PV)
generators, small hydro, and fuel cells. These renewable resources have strong daily and seasonal
patterns and often produce power and voltage varying with natural conditions. However, for practical
exploitation and efficient use of resources, renewable generating units must be connected to the grid
and especially when power electronic converters, (PECs), are deployed, particularly, as interface
between wind turbine and the grid. The DC-DC Converter block represents a behavioral model of a
power converter. This power converter regulates voltage on the load side. To balance input power,
output power, and losses, the required amount of power is drawn from the supply side. Alternatively,
the converter can support regenerative power flow from load to supply.

2. LITERATURE REVIEW

The advent of integrated circuits revolutionized electronics, enabling the rise of portable
applications and industrial energy conversion devices [1-5]. DC-DC converters, which adjust the
voltage of direct current (DC) from one level to another, have gained significant interest due to their
efficiency in maintaining constant output voltage despite varying input levels [6-8]. These converters
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serve various applications by offering high conversion efficiency and stable voltage from no load to
full load [7-11]. Designing controllers for such systems requires understanding their dynamics [12-
14]. MATLAB, developed by MathWorks [15], offers a powerful platform for matrix manipulation,
data plotting, and algorithm implementation, while Simulink enhances this with graphical simulation
for dynamic and embedded systems.

In [12], the importance of steady-state conditions in DC converters was highlighted, noting that
ripple magnitudes are negligible compared to steady-state values. Parameters like gain, harmonic
distortion, and input/output impedances were analyzed under steady-state operation. However, time-
stepping simulations to reach steady state are often impractical due to large time constants relative to
the switching period. While steady-state analysis provides insights, it assumes ideal components,
neglecting non-ideal characteristics such as parasitic resistances, capacitances, and non-linear effects
like saturation and dead-time, which can impact performance. In this paper, we focus on the DC-DC
converter model, acknowledging that simulation limitations, like the inability to account for dynamic
factors such as temperature changes, may cause minor deviations from real-world performance.
These differences are expected to be minimal and unlikely to affect the study’s conclusions.

3. METHODOLOGY

Switched-mode DC-DC converters temporarily store input energy and release it at a different
voltage, either higher or lower, using magnetic (inductors, transformers) or electric (capacitors)
storage components. This method is more power-efficient than linear voltage regulation, which
wastes energy as heat.

There are different types of non-isolated DC-DC converters, each with unique circuit topologies and
characteristics.

3.1 Buck-Boost Converter:

This is a versatile topology that can step up or step down the input voltage, depending on the duty
cycle of the switch. This topology combines elements of both buck and boost converters, making it
suitable for applications with varying input voltages or when both step-up and step-down
conversions are needed. They integrate a buck converter on the input side and a boost converter on
the output side, utilizing a common inductor. Such converters are especially useful in battery-
operated devices where maintaining a stable output voltage is crucial, even as the battery depletes.
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Figure 5: Diagram of a buck-boost converter

Working Principle of a Buck-Boost Converter

When the switch (S) is closed (ON), current flows from the input voltage source through the inductor
(L), which stores energy in a magnetic field. The voltage across the inductor equals the input voltage
(E), and the current through the inductor increases linearly. The diode (D) is reverse-biased during
this phase, preventing current flow to the output. When the switch opens (OFF), the inductor
maintains the current flow due to its stored energy, reversing its voltage polarity. This forces current
through the diode to the output capacitor and load. The output voltage can be higher or lower than
the input voltage, depending on the duty cycle (the ratio of ON time to total cycle time). The output
voltage always has an opposite polarity to the input, which is why the buck-boost converter is also
known as a voltage inverter.
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Figure 6: Circuit diagram of a buck-boost converter using MATLAB

Calculations on Buck-Boost Converter
The Duty cycle D is given as:
W%l
D=——— (1)
Vs + V5|
The minimum inductance of the inductor for the converter to work in continuous current mode is
given by:

R x (1 —D)?
min = ( —) (2)
2xF
I, = DxY (3)
L™ Rx(1-D)?
DxV;
IL(peak to peak) — LxF, (4)
DxV;
IL(peak) =1, + 2xLxF, (5)
Al
Iyominy = I — > (6)
Al = Dxls (7)
L™ ExL
L =1.25X Lpin (8)
The power is given by:
(Vo)?
P=IgxVe=1loxVo=— (9)
The input current I is given as:
o
The minimum capacitance of the output capacitor is given by:
C = b X% (11)
Mt T R X E, X AV,

Where AV, is 1% to 5% of V.
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V.=V (12)
C =1.25 X Cypin (13)

3.2 Cuk Converter:

The Cuk converter provides both step-up and step-down voltage conversion with low current ripple.
It combines inductors and capacitors for high efficiency and improved performance. Ideal for power
supplies requiring low ripple and high efficiency, such as in analog circuits, it uses a single switch
and shared capacitor to transfer energy between buck and boost stages.
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Figure 7: Diagram of a ¢uk converter

Working Principle of A CUK Converter

When the switch (S) is closed, current flows through inductor L1, building magnetic energy and
charging capacitor C1. The voltage across L1 equals the supply voltage (Vs), and the diode (D)
isolates L2 and C2 from the input. When the switch opens, L1 maintains current flow due to its
collapsing magnetic field, increasing its voltage above Vs, forward-biasing D. Current then flows
from C1 through L2, charging C2 and supplying energy to the load. L2 builds its own magnetic field,
further transferring energy to C2. The output voltage (Vo) can be higher or lower than the input,
depending on the duty cycle. Like the buck-boost converter, the Cuk converter often produces an
inverted output voltage. Unlike most DC-DC converters that use inductors for energy storage, the
Cuk converter relies primarily on capacitors.
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Figure 8: Circuit diagram of a Cuk converter using MATLAB
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Calculations on CUK Converter
The Duty cycle D is given as:
Wl
D= ——M—
o _ _ Vs + V5| _ _ _
The minimum inductance of the inductors for the converter to work in continuous current mode is
given by:

(14)

V¢ x D

Ly(min) = FoxAl,, (15)

Where Al is 20% to 40% of 1.1
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o

Iy = R (16)
Ll = 125 X Ll(min) (17)
Lz(min) = & (18)
Fs x Al
Where Al , is 20% to 40% of 1.2
P
I, = — 19
L2 |V0| ( )
The power is given by:
Vo)? 21
P:QXK:QX%:(g 1)
Iy =1 (22)
I, =1, (23)
The minimum capacitance of the capacitors is given by:
Cl N = & (24)
min) = R x E, x AV,
Where,
AV = (dVeq) X (Vs + Vo) (25)
C; = 125X Cl(min) (26)
Vo x (1 —D)
= 27
Camin) = g 2 X I, x AV, 27)
Where AV, is 1% to 5% of V,
Cl == 125 X Cz(min) (28)

3.3 SEPIC Converter (Single-Ended Primary-Inductor Converter):

The SEPIC converter provides both step-up and step-down voltage conversion with continuous input
and output currents. It maintains stable output voltage even when the input is close to or equal to the
output, making it ideal for applications like automotive power sl,gpplies and battery chargers.
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Figure 9: Diagram of a SEPIC converter

Working Principle of a Sepic Converter

When switch S1 is closed, the current flows from the input voltage (\VVg) through inductor L1, storing
energy in its magnetic field and charging capacitor C1. When S1 opens, the collapsing magnetic field
in L1 induces a voltage that adds to Vg, forward-biasing diode D and allowing current to flow to
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output capacitor C2 and the load. Energy from L1 and L2 charges C2. The output voltage (Vo) can
be higher or lower than the input, depending on the duty cycle.
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Figure 10: Circuit diagram of a SEPIC converter using MATLAB

Calculations on SEPIC Converter
The Duty cycle D is given as:

N

D

= (29)
s+ Vs

The minimum inductance of the inductors for the converter to work in continuous current mode is
given by:

Where Al is 20% to 40% of Ip1
P
I == 31
1=y (31)
Al 4
ILl(max) = IL1 + T (32)
Al 4
ILl(min) =1, — T (33)
L _ Vsx D (35)
2(min) = g% Al
Where Al , is 20% to 40% of I.»
Alp,
IL2 = IO + — (36)
2
Ly = 1.25 X Ly(min (37)
The power is given by:
(Vo)?
P=IsxVe =1l xVo=— (38)
Iy = I (39)
The minimum capacitance of the capacitors is given by:
Coomim = — Ve (40)

https://doi.org/10.55306/CIDTES.2025.020103 30



Eze. C. Cetal.,, Vol 2(1), pp 25-40 Ci-STEM Journal of Digital Technologies and Expert Systems

Where AV, is 1% to 5% of V,

Cl = 125 X Cl(min) (41)
Cotminy = o (42)

Where AV, is 1% to 5% of V,
Cz =125 % Cz(min) (43)

4. RESULTS

This section presents the results obtained from the simulation of the DC-DC converter using
MATLAB Simulink. The analysis and comparison between calculated values of the 3 DC-DC
converters and the simulated result values for the purpose of knowing the differences in parameter
values are given below.

4.1 Buck-Boost Converter

A. Boost Mode

Values of the components used in the analysis

Vs = 48V, R =100 Q, P = IOOW, Fs = 1OKHZ, T= 000015, Lactualz 656“H, Cactual = 169“F,
Expected V,=-100V.

Calculated result

D = 67.6%; Al, = 4.954; AV, = 5V; Vo = -100V; lo = -1A; lipr) = 4.95A; lip) = 5.57A; limin=
0.61A;

Graphs and Results of Simulation
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Figure 19: Circuit diagram of boost buck converter boost mode showing the output voltage and
output current

N I aganist V Graph —_— — >
X Y Plot
(S3
a
=
= 2
>
o ;/”//
-2
-120 -100 -80 -0 -40 -20 o 20
X Axis

Figure 20: Boost buck converter boost mode graph of output current against output voltage
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Value
Max -9.789e+01
Min -1.023e+02
Peak to Peak 4.378e+00
Mean -9.985e+01

Median -9 .851e+01
RMS 9. 987e+01

Signal Statistics

Value
Max 1.269e-01

Min -5.742e+00
0.0287 0.0288 0.0289 0.029 0.0291 0.0292 Peak to Peak 5.869e+00

Running Mean -9.732e-01
Median 7.316e-02

RMS 2.306e+00

Figure 22: Boost buck converter boost mode inductor ripple current graph

Values of The Simulated Results

Vo, =-98.51V

lo =-0.9851A

AL = Lygy = Imin = 0.1269 - (— 5.742) = 5.87A
AV, = Vmax - Vmin = —97.89 — (—102.3) = 4.38V

|L(PP) = 5.869A
ILp) =-5.742A
ILmin= 0.1269A

Analysis from the calculated and simulated result of the buck-boost converter (boost mode) shows
that the inductor current ripple has a difference of 0.924A, the output capacitor voltage ripple has a
difference of 0.62V, the inductor peak to peak current has a difference of -0.919A, the inductor peak
current has a difference of 0.172A, the inductor minimum current has a difference of 0.4861A, the
output voltage has a difference of 1.49V, and the output current has a difference of 0.0149A.

B. Buck Mode

Values of The Components Used in The Analysis

Vs = 48V, R =100 Q, P = 576W, Fs = 1OKHZ, T= 000013, LactuaI: 278mH, Cactual = 666“F,
Expected Vo =-24V.

Calculated Result
D = 33.3%; Al, = 0.5754; AV, = 1.2V; Vo = -24V, |y = -0.24A; I r) = 0.575A; I p) = 0.646A;
ILmin= 0.072A;

Graphs and Results of Simulation
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Figure 23: Circuit diagram of boost buck converter buck mode showing the output voltage and
output current
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Value
Max -2 217e+01
Min -2 .357e+01
Peak to Peak 1.401e+00

Mean -2.297e+01
Median -2.314e+01
RMS 2.298e+01

Value
Max 1.088e-01

Min -6.779e-01

Peak to Peak 7.867e-01

0.8049 0.805 0.8051 0.8052 pr1can _1.822e-01

Paused Median -1.035e-01
RMS 3.423e-01

Figure 26: Boost buck converter buck mode inductor ripple current graph
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Values of The Simulated Results

Vo =-23.51V

lo =-0.2351A

Al =Ly = Lin = 0.1088 - (— 0.6779) = —0.7867A

AV, = Vmax - Vmin = —22.17 — (—=23.57) = 1401V

Iy =-0.7867A

ILp) = -0.6779A

ILmin= 0.1088A

Analysis from the calculated and simulated result of the boost buck converter (buck mode) shows
that the inductor current ripple has a difference of 0.2117A, the output capacitor voltage ripple has a
difference of 0.201V, the inductor peak to peak current has a difference of 0.2117A, the inductor
peak current has a difference of 0.0319A, the inductor minimum current has a difference of 0.0368A,
the output voltage has a difference of 0.49V, and the output current has a difference of 0.0049A.

4.2 CUK Converter

Values of the Components Used in the Analysis

Vs =25V; R =15 Q; P =60W; Fs = 50KHz; T = 0.00002s; L1 = 820uH; L, = 681uH; Cy = 7.92uF;
C2 = 3.33uF; Expected V,=-30V.

Calculated Result
D =54.5%; Al;, = 0.44; AV, = 0.3V; Vo =-30V, lo =-2A

Graphs And Results of Simulation
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Figure 27: Circuit diagram of Cuk converter showing the output voltage and output current
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Figure 28: Cuk converter graph of output current against output voltage
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Value Time
Max -2.860e+01 5.089%e-03
Min -2.870e+01 5.271e-03
Peak to Peak 9.967e-02
Mean -2.867e+01
Median -2.868e+01
RMS 2.867e+01

Value
Max -1.712e+00
Min -2.106e+00
Peak to Peak 3.945e-01
Mean -1.957e+00
Median -2.044e+00
RMS 1.965e+00

Figure 30: Cuk converter inductor (L2) ripple current graph

Values of the Simulated Results

Vo =-28.67V

lo =-1.911A

ALy = Lnax = Imin = —1.712 - (= 2.106) = 0.3945A

AV, = Vmax - Vmin = —28.6 — (—28.7) = 0.0997V

Analysis from the calculated and simulated result of the ¢uk converter shows that the current ripple
of inductor (L2) has a difference of 0.0055A, the output capacitor voltage ripple has a difference of
0.2003V, the output voltage has a difference of 1.33V, and the output current has a difference of
0.089A.

4.3 SEPIC Converter

Values of the Components Used in the Analysis

Vs =15V; R =2 Q; P = 18W; Fs = 250KHz; T = 0.000004s; L1 = 35.62uH; L = 14.25uH; Cy =
28.57uF; C, = 28.57uF; Expected Vo= 6V.

Calculated Result
D =28.57%; A, = 0.1.24; AV, = 0.12V; Vo =6V, I, = 3A
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Graphs and Results of Simulation
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Figure 31: Circuit diagram of SEPIC converter showing the output voltage and output current
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Figure 32: SEPIC converter graph of output current against output voltage

Value
| Max 5.090e+00
| |]‘,/'I"‘ ,"'/ Min 4.988e+00
V-V Peak to Peak  1.020e-01
' ‘ Mean 5.044e+00
Median 5.050e+00

RMS 5.044e+00
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Value
Max 2.545e+00
Min 2.494e+00
Peak to Peak 5.098e-02
Mean 2.519e+00
Median 2.525e+00
RMS 2.519e+00

Figure 34: SEPIC converter inductor (L>) ripple current graph

https://doi.org/10.55306/CIDTES.2025.020103 36



Eze. C. Cetal.,, Vol 2(1), pp 25-40 Ci-STEM Journal of Digital Technologies and Expert Systems

Values of the Simulated Results

Vo = 4,988V

lo = 2.494A

AL, = Lyax = Lmin = 2.545 — 2.494 = 0.051A

AV, = Vmax - Vmin = 5.09 —4.988 = 0.102V

Analysis from the calculated and simulated result of the sepic converter shows that the current ripple
of inductor (L2) has a difference of 1.149A, the output capacitor voltage ripple has a difference of
0.018V, the output voltage has a difference of 1.012V, and the output current has a difference of
0.506A.

5. DISCUSSION AND CONCLUSION

The simulation results demonstrate the converter’s ability to convert a given input voltage to the
desired output voltage with minimal deviation from the theoretical values. This may be as a result of
certain coded parameters of the components in the MATLAB software which were not accounted for
in the theoretical calculations. But the simulated result values are within the acceptable range of 2 +
theoretical calculated values.

The primary aim of this project was to design and simulate various types of DC-DC converter,
specifically, buck-boost, cuk and sepic converter using MATLAB simulink. Through a systematic
approach, we explored their operational principles, designed their circuitry, and analyzed their
performance including desired output voltage deviation, output current, voltage ripple and current
ripple. The implementation of theoretical knowledge with practical simulation highlighted the
significance of component selection. This entails that choosing the right values for inductors,
capacitors, and switches was crucial for achieving desired performance.

In terms of future direction of this work, it has been said that Matlab/Simulink simulation software is
employed for this modeling and simulation studies. Experimental verification of the control
technique is hoped to be carried out through research visits with a view to supporting the analysis
and simulation results so obtained.
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APPENDIX

D = Duty cycle
s = Input voltage
Vo = Output voltage
L1(min) = Minimum inductance for first inductor
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L2min) = Minimum inductance for second inductor
L1 = Actual inductance of inductor for first inductor
L> = Actual inductance of inductor for second inductor
IL1 = Current of first inductor
IL2 = Current of second inductor
Al ;= Ripple current of first inductor
Al , = Ripple current of second inductor
V. = Capacitor voltage
Lmin = Minimum inductance
L = Actual inductance of inductor
IL = Inductor current
IL(peak to peaky= Inductor peak to peak current
ILpeak) = Inductor peak current
IL(min) = Inductor minimum current
Al = Inductor ripple current
s = Switching Frequency
Is = Input source current
P = Power
lo = Output current
R = Load resistance
C1min = minimum capacitance of first capacitor
Camin = minimum capacitance of second capacitor
AV, = Change in first capacitor ripple voltage
AV, = Output or second capacitor ripple voltage
dVc1 = First capacitor ripple voltage
C1 = Actual capacitance of first capacitor
C> = Actual capacitance of second capacitor
Cmin = minimum capacitance
AV, = Capacitor ripple voltage
V. = Capacitor voltage
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