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Abstract

This article presents an improved buck-boost converter configuration capable of achieving
a high voltage conversion ratio while significantly reducing voltage and current stresses on
key components such as MOSFETSs and diodes. The proposed design not only enhances
operational efficiency but also optimizes system reliability. To provide an objective
evaluation, experimental tests were conducted to compare voltage overshoot across
switching components, including switches and diodes, relative to the output voltage and to
analyze the current overshoot ratio of switches and diodes concerning the input current.
Additionally, the overall efficiency of the proposed converter was assessed against existing
designs, considering the impact of parasitic resistances in the components. Simulation and
experimental results validate the theoretical analysis and demonstrate that the proposed
topology outperforms conventional two-switch buck-boost converters in mitigating voltage
and current stresses on critical elements. With these advantages, the proposed design holds
strong potential for applications demanding high efficiency and long-term stability.
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1. Introduction

DC-DC voltage converters are crucial in various applications, particularly
renewable energy systems. Standard DC-DC converters, such as boost, buck, and buck-
boost, are widely utilized in photovoltaic (PV) systems because they regulate the output
voltage according to fluctuating input conditions. Among them, the buck-boost converter
offers flexibility but is limited by parasitic resistance when high voltage gain is required.
Alternative topologies like the Cuk converter have been developed to address this
limitation, offering flexible operation in step-up and step-down modes depending on the
switching duty cycle [1], [2]. The Cuk converter is notable for its continuous output
current and high efficiency, though its voltage gain remains constrained.
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Second-order DC-DC converter topologies have been introduced to overcome this
issue, providing higher voltage gain. Studies [3]-[8] have proposed various second-order
converter structures, including enhanced versions of the Cuk converter. The improved
topology in [5] ensures continuous input current, albeit with significant current ripple.
The topology in [4] suffers from high voltage stress on switching devices. At the same
time, the one in [7] achieves continuous input and output currents but requires different
types of switches (NMOS and PMOS), complicating gate drive circuitry. In [8], another
second-order converter was introduced with superior voltage gain compared to previous
designs; however, it maintains a continuous input current while the output current
remains discontinuous. However, these topologies share a common drawback: the
voltage and current across key components, including power switches and diodes, often
exceed input and output levels. This excessive electrical stress can degrade or damage
sensitive components such as switches, diodes, and capacitors [9], [10]. High voltage
and current levels also contribute to energy losses due to heat dissipation, ultimately
reducing conversion efficiency [11]. Moreover, mitigating voltage and current stresses
enables the use of more compact components, leading to space savings, reduced design
weight, and cost optimization in DC-DC converter development [12], [13].

In summary, researching and developing new circuit topologies for non-isolated
buck-boost DC-DC converters to reduce voltage and current stresses is essential for
ensuring high efficiency, durability, and applicability in modern energy systems.
Therefore, this study proposes a converter that achieves high voltage gain while
reducing voltage and current stresses on the switches and diodes, ensuring operational
safety and prolonging the power components' lifespan.

2. Proposed topology
2.1. Proposed converter topology

The proposed converter topology, as shown in Fig. 1, consists of two inductors
(L1 and L2), three capacitors (C1, C2, and Co), two switches (S1 and S2), and three
diodes (D1, D2, and D3). The power switches operate synchronously, resulting in two
operating modes: the first mode, when the switches are turned on, is illustrated in Fig. 2,
while the second mode, when the switches are turned off, is depicted in Fig. 3.

2.2. Operating mode

The first operating mode occurs when both switches are turned on, as illustrated in
Fig. 2. In this mode, the current of inductor L1 flows through switch S1, while the
current of inductor L2 flows through switch S2. The electric fields of capacitors C1, C2,
and Co release energy. The voltage across all inductors is positive, allowing their
magnetic fields to store energy.
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The second operating mode occurs when both switches are turned off, as
illustrated in Fig. 3. In this mode, the current flowing through the inductors forward-
biases the diodes, causing the voltage across the inductors to become negative, leading
to demagnetization and the release of stored energy. The capacitors are charged during
this mode, storing energy in their electric fields.
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Fig. 4. Time-domain waveforms of the proposed converter: (a) Inductor voltage, (b) Capacitor current.

Figure 4 presents the voltage and current waveforms of the inductors and currents
through the semiconductor components based on the proposed concepts. The
expressions for the voltage across the inductors and the currents through the capacitors
are given in (1)

d

L1 = D(V, ) +(1-D)(V,, ~Ve)
d

LZ# =D(Ve; +Ve ) +(1-D)(V,)

0

dV ; -Ll
Cl—= D(—|L2)+(1—D)[|?j 1)

c2 - D(“L2)+(1‘D)(%J

d Vv .V
C, # = D(—E"]+(l— D)(uL2 _on

93



Journal of Science and Technique - Vol. 20, No. 02 (May 2025)

2.3. Voltage conversion ratio

In steady-state operation, the average voltage across the inductors over one
switching cycle is zero. This results in the inductor voltage Eg. (1) equating to zero.
Consequently, the average voltage across the capacitors can be expressed as shown:
(D-1)v, vV 2D

n_ Vv ———= v )

V., =V, = , -
C1 C2 2D 1—D o} (1_D)2 in

Thus, the voltage conversion ratio of the proposed converter can be derived from (2),
and its expression is given (3)
\Y 2D

-0 __ . 3
M V. oy ©)

2.4. Average current through the inductors

The symmetry of the final expression implies a balance between charge and time,
meaning the capacitors operate as open circuits. This concept refers to the average
current of the capacitors being zero over a switching cycle. Therefore, the current
relationship of the capacitors in (1) becomes zero, and as a result, the average current of
the inductors can be represented by (4)

2D I Vo

— o

| —1, 1, = .
L1 (1—D)2 o' "L2 1_D’ o] R

(4)

2.5. Voltage stress on the switch and diode

The average current through the semiconductor components and the voltage
applied to the semiconductor components during the off-state or non-operating period
are determined. Therefore, the voltage stress values of the semiconductor components
can be expressed by (5)

V. 1-D)V,
Vs, =V, =Vp, :1_mD :_( ZD)
(1+D)V,  (1+D)V, " ®)
Vs, =Vps = 2
(1-D) 2D

According to the operating principle, the current through the power switch S1 can
be expressed by (6)

1= 2ol2+D) ©)
(1-D)
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Therefore, the average value of Is; can be calculated as (7)

_ DI, (1+D)

“= o7 ™

Similarly, the average value of the current through the switch S2 is determined by (8)

DI,
S2 1-D

(8)

From the operating stages, the current through the diode D1 can be expressed by (9)
0 (NT,NT+DT)

ipr =1 (9)
> % (NT +DT,NT +T)
Therefore, the average value of Ip1 can be given by (10)
DI
DL = 1— E) : (10)

Similarly, the average value of the current through diodes D2 and D3 is inferred
as follows (11)

— 0

ID2 1—D; ID3=|0' (11)

2.6. Ripple of current and voltage
From the waveforms in Fig. 2, we can observe that the current through the
inductor i , increases during the first time interval (DT) and then decreases during the

second time interval (1-D)T. Therefore, the peak-to-peak current ripple and the variation
of the current Ai,, can be calculated as (12)

: i 1-D)*TR
Aiu:VmDT;gl_mu/Z:( )

L, oy, 4M[LL

(12)

Furthermore, the peak-to-peak current ripple and the variation of the current A2
are calculated as follows (13)

(Ve +V,)DT 2DV, T

Al , = = :
v L2 (1-D)L2 o

_Ai,/2  DIR
S, |M|L2

(13)

The peak-to-peak voltage ripple and the variation of the voltages AV.,, AV.,, and
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AV, can be inferred, and their related expressions are presented in (14) and (15)

AQ 1.,DT 2DV, AV, /2 2D°T
AV, =AV,=—S=-2—_ n_. g =—C "- 14
“ % ¢ ¢  (1-b)RC TV (1—D)4|M|RC( :
AQ 1oDT 2DV, AV, 12 DT
M= 1D _ DTV, . AVel2 D (15)
C G (1-D)RC, Veo (1-D)"|M|RC,

where C1=C2=C.

2.7. Boundary between continuous conduction mode (CCM) and discontinuous
conduction mode (DCM)

The boundary between continuous conduction mode (CCM) and discontinuous
conduction mode (DCM) is defined when the minimum value of the inductor current

reaches zero, corresponding to IL, :% and IL, = AlL,

. By substituting Egs. (4),

(12), and (13) into these two expressions, the condition for the proposed converter to
operate in continuous conduction mode can be derived as Eq. (16)
(1-D)'TR (1-D)’TR
> ; L, >
8D 2

(16)

3. Power loss analysis
3.1. Inductor losses

The power loss of the inductor includes copper loss due to the winding resistance
r. and core losses caused by hysteresis and eddy currents. Copper loss plays a

significant role in the total power dissipation of the inductor.

The approximate RMS values of the inductor currents are determined as given in (17)

22 2 Io; IL2(rms) = (17)
(1-D)
The copper loss of the inductors can be calculated as follows (18)
AD* 1 r
P oo =1t Vmalin = L+ L2 1P. (18)
L C Ll( ) L1 LZ( ) L2 ((1_ D)4 R (1_ D)Z R J

The core loss density of the inductor can be estimated from the magnetization
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curve, following the loss expression (19)
AP_ ., =aB"f". (19)

where a, b, and c are determined from the magnetization curve data based on
specifications, and B is defined as half the amplitude of the AC magnetic flux variation.
Therefore, the core loss of the inductors is calculated as given in (20)

PL_Co = IelAﬂAPLl_cO + Ie2 AezAPLz_Co : (20)

where |, is the path length and A, is the cross-sectional area of the magnetic core.

Therefore, the total power loss of the inductor is the sum of core loss and copper
loss, expressed as (21)

PL = PL_Cu + PL_CO' (21)

3.2. Capacitor losses

The power loss of the capacitor is caused by the parasitic resistance r¢. Based on
the instantaneous current in different operating stages, the approximate RMS value of
the capacitor current can be given by (22) and (23)

DT

2 i
N ) .([ I, (t)dt+,5[r4(t)dt ) IO\/B -
C2(rms) T (1_ D)'\/l—D

!iﬁ(t)dtJr [ (i =1,) (t)dt (ol.)
|eogums) = o1 :1/Dlo+—. (23)
Co(rms) T 1-D

The power loss of the capacitors can be calculated using the following
expression (24)

D 2r. (D D? r
2 2 2 _ fc | = _Co
PC - ICl(rms)rC1 + ICZ(rms)rCZ + ICo(rms)rCO - [(1_ D)3 R +[ I + 1— DJ R ] Po (24)

0

C1(rms)

where 1., =1, =1I;.
3.3. Switching loss

Power loss includes conduction loss due to the on-state resistance rps when the
switch is turned on and switching loss occurring during the rise time tr and fall time t:.
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The conduction loss of switches S1 and S2 depends on rps and the RMS value of
the switch currents. Based on the instantaneous currents in different operating stages,
the approximate RMS values of the switch currents are determined as given in (25)

DT
. . N\2
| ~ _([(IL1+IL2) dtN\/B(1+D)|O_

Si(rms) T (1_ D)Z ! ISZ(rms)

The conduction loss of the power switches is calculated as given by (26)

1+D)’ D
( )4 rD51+ D - rDSl Po' (26)
(1-b) R (1-D) R
The switching loss of a power switch is related to the rise time, fall time, voltage
stress, and the average current through the switch. Therefore, the switching loss of
power switches can be expressed as follows (27):

ey
PS_S :%V51|51(tr1+tf1) fSl"’%VSZISZ (tr +t )fsz :{(1 D )(trl +tf1):z;-‘|_'(;‘)|' D)(trz +tf2) stJPO (27)

PSfC - ISl(rms)r-DSl + ISZ(rms)rDSZ _(

Therefore, the total power loss of the power switches is the sum of the losses
during conduction and switching, as shown in the expression (28)

Ps = Ps_c + Ps_s . (28)
3.4. Power losses of diodes

The loss of the diode is primarily due to the forward voltage Vr and the series
resistance rp. Based on the instantaneous currents in the different operating stages, the
approximate RMS values of the current through the diodes can be calculated as follows (29)

T /o \2 . 2 T
LER T ('u i ) dt i, ) dt
L j[z) oD, R ! . ] L (29)
D1(rms) T (1_ D)3/2 ? 'D2(rms) T (1_ D)g/z ' ' D3(rms) T \/ﬁ

Therefore, the expression for the power loss of the diodes is given by (30):

I:>D = IDlvFl + IDZVFZ + ID3VF3 + Iél(rms)rDl + I|§2(rms)rD2 + Iéz(rms)rDZ
— DVFl + VF2 +\£+ D* ﬁ+ 1 ﬁ.k 1 @ P. (30)
(1-D)V| (1-D)M| M| (1-D)’ R (1-D)’ R 1-D R J*

4. Calculated efficiency

The total power loss of the proposed converter is the sum of the power losses of the
inductors, capacitors, power switches, and diodes. It can be calculated as follows (31)

98



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

P

Loss

=P +P.+P,+P,. (31)
Therefore, the calculated efficiency of the proposed converter is given by the following (32)

1= & . (32)
P+P +P. +P +P,

5. Comparison with other buck-boost converters

In Tab. 1, the proposed converter demonstrates superiority over the converters
studied in the references. The voltage stress factor of switch S1, diodes D1, and D2 is the
lowest among the converters in [3]-[8], at only 61% of the output voltage, while for
switch S2, this factor is 2% higher compared to [3], [4] and [6], [7]. For diode D3, since
the converters in [3]-[8] do not use this diode, there is no direct comparison, but this study
also shows that the voltage across diode D3 exceeds the output voltage by 61%.

Tab. 1. Comparison of the normalized voltage stress across semiconductor components
with a voltage step-up ratio is 3

VSl VSZ VDl VDZ VD3
Converters - - - Ve Ve D
VO VO VO VO VO
[3] 1_2D ~093 | 1-150 1_2D =0.93 1159 - 0.63
D D D D
[4] iz =251 1 159 - ZD ~093 | L-159 - 0.63
D D D D
[5] 1_2D =0.93 1 1_2D =0.93 1159 - 0.63
D D D
[6] - ZD ~003 | o159 1159 —iz =251 - 0.63
D D D D
[7] @:o.gs 1159 1"2D ~003 | =159 - 0.63
D D D D
[8] 1 1 1 1 - 0.56
proposed | =2 —061 | 2P 161 | 1P o061 | =P o061 | 2P 161 | 045
2D 2D 2D 2D 2D

In DC-DC converters, the normalized voltage stress factor is the voltage ratio
across the power switch to the output voltage, reflecting how much the voltage on the
power switch exceeds the output voltage. This is an important indicator for evaluating
the efficiency and durability of the converter. A low voltage stress factor typically
indicates that the power switch operates more efficiently, thereby improving
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performance and extending the lifespan of the components.

Similarly, Tab. 2 highlights the advantages of the proposed converter configuration
by analyzing the current stress index of semiconductor components relative to the input
current. Notably, for switch S1, this index is 27% lower than in [3]-[8], indicating
reduced electrical stress and improved longevity.

Tab. 2. Comparison of the normalized current stress across semiconductor components
with a voltage step-up ratio of 3

D1

|
Converters %‘ | T e | D
2
[3] 1 12D 59 | =P _gs9 [ﬂ) _0.34 - 0.63
D D D
2
[4] 1 122D 441 | 12P g5 [ﬂ) _0.34 - 0.63
) D D
2
[5] 1 "D o590 | =P _os0 [ﬂj ~0.34 . 0.63
D D D
2
[6] 1 "D o590 | =P _os0 [ﬂj ~0.34 . 0.63
D D D
2
[7] 1 12D 59 | =P _gs9 (ﬂ) _0.34 - 0.63
D D D
2
8] 1 1-D=044 | =P _o50 (ﬂ) 035 ; 0.56
D D
2
Proposed #b_ 0.73 1b_ 0.28 1'b_ 0.28 1D_ 0.61 (ﬂj =0.34 | 0.45
2 2 2D D

Moreover, the superiority of the proposed design is further emphasized by the
lowest current stress index observed for diode D1 compared to other converters. In
contrast, the current stress index for S2 exceeds the input current is 31% lower than the
configurations in [3] and [5]-[7], 16% compared to [8], and 13% compared to [4].
Additionally, the overcurrent ratio for diode D3 relative to the input current remains low
at only 34%.

Due to the combined influence of currents L1 and L2 in stage 2, the overshoot in
diode D2 is the highest among the studied converters but remains at a manageable 61%.
These characteristics collectively contribute to the proposed converter’s enhanced
efficiency, extended component lifespan, and improved heat dissipation, leading to
excellent system reliability and stability.

Table 3 provides a detailed comparison of the number of components used in
different converter topologies and their corresponding voltage gain. The proposed
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converter incorporates one diode compared to the other designs, contributing to its
enhanced performance characteristics.

Despite this slight increase in component count, the proposed converter achieves
the highest voltage transformation ratio among the compared configurations. This
indicates its superior capability to boost voltage levels efficiently while maintaining
operational stability. The optimized design ensures that the additional component does
not introduce significant complexity but enhances overall performance, making it a
favorable choice for high-voltage applications.

Tab. 3. Compare elements in configurations and voltage gain

Converters L|C|S|D]| Total Voltage gain
2D

Proposed 2 |1 31123 10

[3] 212 ]2]2| 8

[4] 313 |2]2 10

[6] 212 2|2| 8

[7] 31322 10

(
s
[5] 3322 10 (
=
s

8] 21222 8

To objectively assess the efficiency of the proposed converter, a comprehensive
evaluation was conducted, comparing its performance with other buck-boost converters
referenced in [3]-[8]. The experiments were designed to simulate real-world operating
conditions where the converters were significantly affected by the parasitic resistances
of inductors, diodes, and power switches. The parasitic resistance was set at 0.003 times
the load resistance to account for practical losses.

For a fair and precise comparison, all converters were configured with identical
component specifications in Tab. 4: 47 puF capacitors, 0.4 mH inductors,
DC input voltage of 24 V, a load resistance 80 Q. Additionally, the switching devices'
on-state resistance (Rps) was standardized at 4.8 mQ. By maintaining consistent test
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conditions, the evaluation ensured a reliable assessment of efficiency, highlighting the

proposed converter's superior performance and operational benefits.

The results presented in Fig. 5 highlight the superior performance of the proposed
converter in terms of efficiency. It achieves maximum efficiency of 99.09% and
maintains a minimum of 93.68% while operating stably across a broad power range
from 6 W to 806 W. This demonstrates its ability to sustain high efficiency over varying

load conditions.

Tab. 4. Element parameters

Elements Value Unit
Capacitors 47 uF
Inductors 0.4 mH
Load 80 Q
DC Source 24 Vv
Switching frequency 25 kHz
(- - — ———— ———— |
929 I
o8 [\ |
97 |
9% |
z % |
°; 94 :
i i
g n :
= 90 —
89 |
88 |
87 |
86 |
85 .
0 100 200 300 400 500 600 700 800
Power (W)

——Proposed ——[3] ——[4]

Fig. 5. Compare the performance of the proposed converter with other buck-boost converters.

In comparison, the converters discussed in [3]-[8] exhibit lower overall efficiency.
While the converter in [3] shows an advantage in low-power applications, specifically in
the range of 6 W to 26 W, where it reaches a peak efficiency of 99.79%, its performance
declines significantly as power increases, ultimately falling below that of the proposed
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converter. This efficiency drop limits its effectiveness in high-power applications.

Notably, at a power level of 540 W, the proposed converter maintains a high
efficiency of 95.04%. This represents a significant improvement over other designs,
with an efficiency increase of 3.59% compared to [3] and [7], 1.33% higher than [4],
2.99% greater than [5], and an impressive 6.73% improvement over [6]. These
comparisons emphasize the effectiveness of the proposed converter in delivering
consistently high efficiency across a wide operating range, making it a strong candidate
for applications requiring high power and energy efficiency.

The efficiency analysis indicates that reducing voltage and current stresses on the
power switch and diode in the proposed converter significantly enhances overall
efficiency despite switching and conduction losses. Specifically, lowering the voltage
stress on the power switch and diode reduces switching and diode losses, as described in
Egs. (27) and (30) analyzed in Section 3. Since the voltage across the switch and diode
is directly proportional to power losses in these components, minimizing voltage stress
is crucial in improving the converter’s efficiency. Additionally, conduction losses in the
power switch are proportional to the square of its RMS current, as expressed in Eq. (26).
Therefore, reducing current stress also contributes significantly to optimizing the overall
efficiency of the converter.

6. Simulation and experimental results

Simulation experiments were conducted using the PSIM environment to verify the
accuracy of the theoretical analyses presented in Section 2, 3, 4, and 5. Additionally, to
validate the proposed topology, experimental tests were performed on a hardware
prototype to analyze voltage and current stresses on the switches and diodes. The setup
parameters for both simulations and experiments are provided in Tab. 4.

Figure 6 presents the simulation results at a duty cycle of D = 0.5, demonstrating
strong agreement with Egs. (7), (8), (10), and (11), as well as the input current
overshoot expressions listed in Tab. 2. Specifically, the average current through switch
S1is 3.6A, while switch S2 maintains 1.19 A. The current through diodes D1, D2, and
D3 measures 1.22 A, 2.44 A, and 1.22 A, respectively.

Likewise, Fig. 7 confirms that the theoretical expressions derived in Section 2 to
5, along with the voltage stress values on diodes and capacitors detailed in Tab. 1,
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closely match the simulation results. Specifically, the voltage across switches S1 and S2
Is 48.39 V and 144.96 V, respectively. The reverse voltage across diodes D1 and D2 is
48.49 V, while diode D3 experiences a reverse voltage of 144.96 V.

Measure

I(s1) I(s2)
; ‘ x1 ‘ X2 ‘ A Average
] Time 2.00060e-01 2.00100e-01 4.00943e-05 2
8 sy, o 00 o 00 [ +00|  3.60918e+00
4 1(S2) [ 00 o 00 o +00 1.19893e+00
9 1 I(D1)  2.76189e+00  2.71978e+00 -4.21082e-02|  1.22129e+00
I(D2)|  7.49648e+00|  7.51319e+00 1.67152e-02)  2.4490Ge+00
1(D1) I(D2)
Vg (s1,82) O o o +00 4.97512e-01
7.5
5 e = 7
2.5 —_— — “¥ —_—
(7]
Vg (S1, S2)
0.8
0.4
(7]
0.2 0.20002 0.20004 0.20006 0.20008 0.2po1 0.20012 0.20014
Time (s) .
Fig. 6. Current stress on switches and diodes.
V(Sl) v(sz) Measure
X1 X2 A Average
— Time 2.00037e-01 2.00043e-01 6.00414e-06 3
100 V(s1) 4.83856e+01 2.43999e-02 -4.83612e+01 2.58238e+01
— V(S2)  1.44958e+02 3.20723e-03 -1.44955e+02  7.72593e+01
') V(D1) 2.22437e-05  -4.84920e+01 -4.84920e+01  -2.26631e+01
V(D2) 3.00922e-05  -4.84920e+01 -4.84920e+01|  -2.26631e+01
v(p1) v(D2)
0 Vg (1,52) O 00 1 00 1 +00 4.67213e-01
| R — —_— —_—
-100
Vg (S1, S2)
0.8
0.4
[2]
0.2 0.20002 0. 299T4 0.20006 0.20008 0.2001 0.20012 0.20014
1 2
Time (s)

Fig. 7. Voltage stress on switches and diodes.

As shown in Fig. 8, an experimental prototype was implemented to further clarify
the theoretical analyses, with setup parameters in Tab. 4.

The measured voltage waveforms across the switches and diodes, illustrated in
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Fig. 9, indicate that the peak voltage on S1 is approximately 50 V, while S2 reaches
around 150 V. The reverse voltage across D1 and D2 is nearly identical, fluctuating
around 50 V, whereas D3 experiences a reverse voltage of approximately 150 V.

g
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Voltage Probe

| — = — - ﬂ V

| —
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,’ ‘_—____:Ezl =3

Fig. 8. Experimental model.

Tek s [ ] Siop+ M Pos: 0,000¢ CH Tek o f e [ ] S(op* M Pos: 0,000s
ipliny ; | { | Jpliry
0C] L« T e T o o e B ‘r 0C]
‘ B LMt Vo, e \ | Lot 8w Limit
e T e T e T e T e O e B DL THt  lesyad  povind  ownd  fad el e
| | | | m
VSl e rmted M | | W | -] Py - (OMH JOMH
|
| l I Probe 1oh¢
L
VSZ."' Invert Invet
m .,
H1 50,0 CHY 500y M25.0us CH2 / 40.4v LH1 50 CH2 S00v° M 25.0us CH2 /7 13.20v
22-Mar=25 14:49 25.0393kHz CH3 S0.0v 22-Mar~25 1525 25.0393kHz

Fig. 9. Voltage stress on switches and diodes.
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Figure 10 reveals minor discrepancies between the experimental and simulated
current results, primarily due to the influence of parasitic resistance and capacitance in
the switching devices. However, the overall agreement remains strong. Specifically, the
average current through S1 is 3.8 A, while S2 carries 2 A. The diodes' measured
currents through D1, D2, and D3 are 1.42 A, 3.1 A, and 1.45 A, respectively.
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Fig. 10. Current stress on switches and diodes.

7. Conclusion

This study proposes an improved buck-boost converter configuration capable
of achieving a high voltage conversion ratio, outperforming existing designs
referenced in [3]-[8]. The proposed converter exhibits the lowest voltage stress on
the main switch S1 and diodes D1 and D2. Furthermore, the current overshoot ratio
relative to the input current is optimized, with the lowest values observed for switch
S1 and diode D1, while S2 and D2 exhibit variations depending on specific
operating conditions. This demonstrates the converter’s ability to significantly
reduce voltage and current stresses, enhancing efficiency, extending component
lifespan, and improving system reliability. Simulation evaluations validate the
superiority of the proposed configuration, achieving a peak efficiency of 99.09% at a
voltage gain of 3 while maintaining stable operation over a wide power range from
6 W to 806 W. Notably, its efficiency surpasses that of other converters, particularly
in the 60W to 806W range. Simulation and experimental results closely align with
theoretical analysis, further confirming the feasibility of the design. With these
advantages, the proposed converter holds strong potential for practical applications
in power systems requiring high voltage conversion ratios and superior efficiency.
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BO CHUYEN POI BUCK-BOOST MOI VOI TI LE CHUYEN POl
DPIEN AP CAO VA GIAM UNG SUAT PIEN AP VA DONG DIEN
TREN KHOA PIEN VA PI-OT

Nguyén Luong Vin Minh?, Nguyén Tung Linh?, Nguyén Vin Ban®,
Truong Viét Anh®, Pham V3 H@)ng Nghi3, Quach Thanh Hai®
YTruwong Cao dang Ky thudt Cao Thing

2T ruong Pai hoc Dién luc

3deng Dai hoc Suw pham Ky thudt Thanh phé' Ho6 Chi Minh

Tém tit: Bai bao trinh bay mot cAu hinh bd chuyén doi buck-boost cai tién, c6 kha ning
dat ti 16 chuyén ddi dién 4p cao trong khi giam dang ké dién ap stress va dong dién stress trén
cac linh kién quan trong nhu MOSFET va di-0t. Thiét ké dé xuat khong chi nang cao hiéu suat
hoat dong ma con tdi wu hoa do tin cay cua hé théng. Pé danh gia khach quan, cac thir nghiém
thuc nghiém da duogc tién hanh nham so sanh mtrc d6 vuot ap trén cac linh kién chuyén mach,
bao gdom cac khoa dién va di-6t, so voi dién ap dau ra, dong thoi phan tich ti 18 vuot mic cia
dong dién trén céc linh kién nay so véi dong dién dau vao. Ngoai ra, hidu suét tong thé ciia bo
chuyén déi dugc danh gia va ddi chiéu vai cac thiét ké hién c6, co tinh dén anh hudng cua dién
trd ky sinh trong linh kién. Két qua mo phong va thuc nghiém xac nhén tinh chinh x4c ctia phan
tich 1y thuyét, dong thoi chimg minh rang cdu trac dé xuat vuot troi hon cac bo chuyén doi
buck-boost hai cong tic thong thuong trong viéc giam dién ap stress va dong dién stress trén cac
thanh phin quan trong. V4i nhitng vu diém nay, thiét ké d& xuat hira hen tiém ning tmg dung
cao trong cac hé théng yéu cAu hiéu suit vuot troi va do 6n dinh 1au dai.

Tir khéa: Tang-giam dp,; khong cach ly; dé loi cao; dau ra ddo; g sudt dong dién.
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