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Abstract— this paper presents a two high step down
based DC to DC converter has been suggested to
investigating with various control approaches for
retaining the voltage and current. The suggested
converters have developed by transfromerless and
having equivalent power ratings. Two diverse
switching patterns are utilized in this study for
mitigating the stresses across switches in the
proposed system. The very first switching pattern is
consisted of pulse width modulation (PWM) and 180°
phase shift angle along with LC filter in output side.
This system can be operated in closed loop due to
adding the LC filter in output side. The first designed
converters duty cycle will be greater range and less
than 0.5. For second DC-DC converter has been
designed and implemented with second switching
pattern for sustaining the voltage and duty cycles
with LC filter in output side. In this stage, the sums
of stress voltage on their switches are quite high as
compared with the first designed converter. The
proposed system is designed establishing
MATLAB/Simulink as well as investigated in all
operating circumstances. As per the simulation
outcomes, the proposed closed loop system with LC
filter can be shown the high performance in all
dynamic operating situations.. The proposed
converters will be analyzed for all in their switching
patterns. In order to validate the results from
theoretical, the 1st and 2nd proposed converters for
500/26 and 800/20.5 V, respectively, and 430 W, are
used in MATLAB/Simulink.
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I. INTRODUCTION

The DC-DC converters are divided into two types based on
voltage level and high current ratings which can be known as
buck converters have different applications, for example, in,
voltage controller modules, chip, chargers of electrical cars,
light-discharging diode drivers, battery chargers and
furthermore in electroplating wherein -great momentum
thickness is needed for the DC electrolysis measure [1 to5].
The fundamental compel of the regular step down converters
would be the amazingly thin preselected duty ratio to get lesser
voltage(V) transformation proportions which could cause
extreme voltage stress across diodes and switches,
subsequently, the connected misfortunes could be expanded in
[6 & 7]. To give decrease voltages (V) and better yield flows
through DC to DC step down converters (BC) without obliges
of the customary step down converters (BC), a few buck
converters (BC) have been introduced lately. DC to DC step
down converters dependent on transformers or Coupled
Inductors (Cl) could be a decent decision to build the yield
flows. In [8-12], the buck converters are introduced which are
dependent on CI.

In [8] a two-stage super high step down Direct current
converter was introduced. In addition a tapped inductor buck
DC to DC converter with a Cl is introduced in [9]. A step
down converter with a more extensive voltage change
proportion is introduced in [10]. In [11] a voltage controller
with a flyback structure is introduced, which uses a
transformer to diminish the information voltage. In addition, a
Cl-based converter was introduced in [12], in which the
dimensions of the center were considered. By lowering the
turn-around proportion of the optional windings of the CI’s in
those converters, the yield voltage will be reduced more
[13].Be that as it may, the dc to dc converters with Cl in their
constructions experience the ill effects of spillage inductances
[1], which may source great voltage stress on semi-conductor
components and may source great information current waves,
which may effectively affect sustainable power change units.

To maintain a strategic distance from the downsides
of executing transfromerless converters, coupled inductors are
introduced. The transfromerless DC-DC step down
geographies are introduced in [14, 15]. A transfromerless
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three-stage DC to DC bi-directional converter for auto
applications is introduced in [16]. An additional great decision
to accomplish high step down change proportions without
applying very thin obligation proportions for controlling the
dynamic switches could be exchanged inductor and exchanged
capacitor based (or) receiving a mix of those components to
give decrease yield voltages and greater flows at yield
terminals. By including additional cells, consisting of diodes,
inductors (or) capacitors, the transformation proportion of the
converter could be more enhanced [17]. Notwithstanding, the
primary disadvantage of those converters, equivalent to
different transfromerless converters introduced within [14
t016], could be circuit components and various cells required
to give excessive transformation proportions, which cause
more misfortunes. The high voltage transformation proportion
bi-directional converter has been introduced in [18 to 21],
which may be implemented as step down converters. Those
converters experience the ill effects of obliges of the CI’s, for
example, excessive current anxieties and voltage spikes on
semi-conductors due to spillage inductance in their
geographies.

Quadratic DC to DC step down converters (QBC) are
reasonable decisions to give enhanced change proportions
without picking incredibly tight duty ratios, a great amount of
parts and without using transformers. A QBC is introduced in
[22]. In order to progress the change proportion of the QBC, a
switch capacitor cellular is introduced to its geography [23].
Likewise, in [24], a semi-QBC is introduced. The principle
compel of the converters of this kind is the high-voltage stress
of their semi-conductor components. Interleaved structures
type step down converters are introduced to diminish the
voltage stress in step down converters, as of late. In [25& 26],
traditional interleaved converters are introduced. Besides, in
[27 to 31], other transformer less step down DC to DC
converters with interleaved constructions and exchanging
designs are introduced. In any case, the primary disadvantage
that the converters with interleaved exchanging design are
confron.

In this work, a novel two high step down based Direct
Current to Direct Current converter has been suggested to
investigating with various control approaches for retaining the
voltage and current. The suggested converters have developed
by transfromerless and having equivalent power ratings. Two
diverse switching patterns are utilized in this study for
mitigating the switches in the proposed system. The proposed
system has been designed using MATLAB/Simulink and
investigated in all operating circumstances. As per the
simulation outcomes, the proposed closed loop system with LC
filter can be shown the high performance in all dynamic
operating situations.

I1. METHODOLOGY

The suggested high step down converters with comparable
circuits during switching stages are shown in Figures. 1 and 2,
individually. In Figure. 1A, the applied exchanging design is
interleaved with 180° phase shift, at that point, there will be
two transformation proportions for duty ratios bigger and less
than 0.5. In light of the way that the transformation proportion
of the converter for duty ratio<0.5 is better, subsequently, the
change proportion of the 1%t converter for the interleaved
exchanging design is introduced for duty proportions <0.5.
Then again, the construction introduced in Figure. 2A is
worked with the subsequent exchanging design, which has a
solitary transformation proportion for the entire scope of duty
cycles. The force circuits of the 1%t and 2" suggested
converters in quite a while. 1a and 2a have two switches S, Sp.
Note that in 2™ exchanging design, the beat entryways of
switches are inverse with one another, as such, when switches
of one kind is ‘ON’ the other is ‘OFF’. Thus, this applied
exchanging design is straightforward. Nevertheless, these
converters have 4 inductors of Lia, L2, L, and

Lop.Furthermore, these converters have diodes Dia, D2a, Dsa,
Daa, Dsaand Deain the upper module and Dip, Dap, Dsp, Dap,
Dspand Depin the bottom module, the capacitors Cia, Cza, Caaln
the upper module and Cip, Capand Cspin the bottom module.
Note that the applied capacitors are assumed big sufficient,
besides, the voltages throughout them are taken into
consideration to be consistent values. The converters proposed
are analyzed below continuous conduction modes. The
different modes of the circuit as shown in [32].
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Fig: A. Equivalent circuit of first converter [32].
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Fig:B . First mode [32].

Fig:C. The 4" and 2"'modes [32].
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Fig: D. Third mode [32].

2.1. 15Tconverter:

The outcome waveforms of suggested converter are exhibited
in this converter, where the switches have been interleaved
with 180° shift phases. Mode 1 (to<t <t3): In the first switching
mode, diodes D2a, Dsa, Dsa, Din, Dapand Dep and switch S, is
‘ON’, even, the alternate diodes and switch is ‘OFF’. The stage
referring the equivalent circuit can be shown in Figure. 1B,
consequently, the inductor voltages in the first
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Fig: 2.A. Equivalent circuit of second converter [32]
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Fig:2.B. First mode [32].
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Fig. 2.C. Second mode [32].

Mode is considered as Vi1a= Vcia— Vc2aand Viza= Veza— Vo. In
addition, the inductor voltages in the second mode are
considered as V= — (Vean + Vean) = — 2Venand Viz= — Vo.
Modes 2 & 4 (t1 <t <t & t3 <t <t): In the 4" and 2
switching modes, diodes Dia, Dasa, Dea, Din, Day, and Degpare
ON, while alternative diodes and switches are OFF. The circuit
equivalence of this mode is shown in Figure, 1C. Accordingly,
inductor voltages are considered as Viia= — (Vczat V) = —
2Vc2a, Vo= — Vo, V= — 2Vea, and V= — V. Mode 3
(t2<t <t3): In the 3" switching mode, switch S,and diodes Dia,
Dsa, Dga, D2p, D3, Dspare ‘ON’. While the other diodes and
switches are ‘OFF’. The circuit equivalence of this mode is
shown in Figure. 1D. so, the inductor voltages can be
considered as Viie= — 2Vcaa, Vize= — Vo, VL= Ve~ Ve,
and Vian= Vcsp— Vo. The proposed controller has been shown
in Figure 3.

I1l. STEADY STATE ANALYSIS

I11LA. Voltage Gain

The inductor voltage will be equivalent to 0(Zero) at
the consistent state mode at the standpoint of the law of voltage
balance for inductors. So, while incorporating the voltage
balance law for inductors Lia, L2a, L1, and Loy outcomes in the
following equations:

Viia= (DVcia = Veza) (1= D) (= 2Ve2a) = O (a)

Vi2a=V (Vcza = Vo) + (1 = D) (- Vo) = 0 (b)

Vwie=V (Ve = Vean) + (1 = D) (- 2Dcab) = 0 ()

V128=D (Vcsb = Vo) + (1 = D) (- Vo) =0 (d)

Obtained equations from figure 1A

Vcia-Vein= Vo + Vi (e)

Ly, @DV, _ (2-D)V,

VCla VClb Dz Dz[(2(27 D)/ Dz)fl] (f)
N v oy Vo V.

VC3a VCZa VC3b VCZD D D[(2(27 D)/ Dz)fl] (g)

oV _ 1 D’ (h)

V., [2@2-D)/D)-1 “4_2D_D?
I11.B. Voltage stress on diodes and switches

As shown in Figures. 1B-D, the voltage stress across diodes as
well as switches at the time of their respective intervals can be
attained as stated below. The calculated voltage stresses as
shown below are applied to the diodes and switches at the
interval time of [1 -D]Ts:

B 3 _(2+D)V,  (2+D)V,
V sa _V sb _V cla +V c2a +V c3a D? - 2(2_ D) _D? (|)

[JCRT2105206 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ c49


http://www.ijcrt.org/

www.ijcrt.org

© 2021 IJCRT | Volume 9, Issue 5 May 2021 | ISSN: 2320-2882

(2-D)V,
V D2a :V D2b :V cla = 2(2_ D) _ D2 (J)
Dy,
Vosa =Vosa =Voar =Vosy =Veaa = 2(2-D)- D? (k)
Dv,
Vosa =Vosa =Voap =Voen =Vesa = 20-D)_D? )

2.3.2nd converter:

The proposed circuit of 2nd converter is shown in Figure. 2A.
the current and voltage waveforms of this converter are shown
in Figure. In this converter, switch Sa is ‘ON ‘once the switch
Sp is ‘OFF’. Along these lines, the pre-owned witching
example is so straightforward. The converter is having two
switching modes that are clarified in the accompanying. Mode
1 (t0< t < t1):In the 1st switching mode, switch Sa, diodes D2a,
D3a, D5a, D1b, D4band D6bare ON, On the other hand the
other switch and diodes have gone OFF. The equivalent circuit
of this mode is shown in Figure. 2B. so, the inductor voltages
in the 1ststage are considered as VL1la= Vi — VC2a, VL2a=
VC3a— VCl1b. In order, to calculated the inductor voltages in
the 2nd stage is VL1b= — (VC2b+ VC3b) = — 2VC2b and
V2b= — Vo. Mode 2 [tl <t <t2]: In the 2nd switching mode,
switch Sb and diodes D1a, D4a, D6a, D2b, D3b, and D5bare
ON, on the other hand other switch and diodes are OFF. The
equivalent circuit of this mode is shown in Figure. 2C.
Therefore, the inductor voltages are considered as VLla= —
2V(C2a, VL2a= — VClb, VLI1b= VClb— VC2b, and VL2b=
VC3b— Vo. Consequently, the Direct Current characteristics of
the 2ndproposed converter consisting of  the voltage
throughout the capacitors, voltage gain, voltage stress on
diodes and switches, average currents of switches, inductors,
and diodes suitable inductances values (L1a, L2a, L1b, L2b) to
accomplish CCM  operation  &components  number
(NComponent) are summarized. The proposed controller has
been shown in Figure 3.

IV Performance Comparison

Pl

PID Controller2

From12 Relafional

Operator

From1

Logical ~ Gotor

Repeating Operatord

Sequence

Fig 3: Proposed controllers in the system

From fig 4.The buck converter is used to reduce the amplitude
of the output voltage when compared to input voltage. The
output ripples can be minimized because of the presence of
filter in the output side. The function of pi controller is to
reduce the steady state error and to regulate the output voltage
at all time irrespective of the load condition and input voltage
variations.

Dc-De .
Iput buck LC filter Load
converter
Ve
PWM PI
generator controller
Vdc ref

Fig4: Block diagram of buck converter with closed loop
system.
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3.0 Results and Discussion:

For the 1st converter by applying interleaved pulse width
modulation with 180 degree phase shift, we got the output
voltage is 25.59v (theoretical), 26v (practical) values.

This system can be operated in closed loop due to adding LC
filter in output side

Output Voltage (Vo)

|

(a)Output voltage

Vsa-Vsb:

The voltages across switch sa is 253.4v from practical value of
the 1stconverter.

Voltage across switch 'a’ (Vsa)
; T T

0
-
T
s
. | | |
o a2 7 we o : ] |.| . |u H
Toms pecomiy -

(b)Vsa

The voltage across switch sb is 250v from practical value of
the2™ converter.

Voltage acrass switehh* (Vb

01 e s s v .z 1 e i ]

Vsp

The inductor currents of converter 2.

T T 1
1
: i S
[ I I I I I I I I !
[ IS I S e .
[ [ I [ [ [ [ [ [ |
[ [ [ [ [ [ [ [ [ f
I R S I S S —
[ I | | I I | I | |
Time(s)
(d) ia

The pulses and voltages across switches sa and sb of the
converter 2.

The voltage across switch sa is 1200v and sb is 190v from
the practical values.

Time(s)
(e) pulse

The voltages across diodes of 2nd converter. The practical
values are obtained from MATLAB/Simulink are shown in
below figure.
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= ] e ] | ] ]
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Time(S)
(f) Voltages Vd1-Vd4
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(9) Voltages from (Vd1lb-Vd4b)

The output voltage of 2nd proposed converter is 20.4v
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(e) Vo, of proposed system
The output voltage of 2nd kconventional converter is
20.49v.

T T T
S
@
()]
g
)
>
Time(s)
Fig: Converter 2.output voltage
(f)Vo of conventional system
Magnitude Settling
(over shoot) time
Conventional 90 0.05
proposed 29 0.01

V. Experimental results:

parameters values

Input voltage Vin =500 for first converterl

Vi» =800 for first converter2

Duty cycle D=0.4
Frequency of switches Fs=30KHZ
Inductors Lla=7mH,L2a=500Uh,L1b=1m
H’
. L2b=100uF.
Capacitors

Cla=C1b=C2a=C3a=C2b=C3b=
Co=330uF.

Output resister Ro=1.6Q converterl

Ro=1.5Q converter 2

VI. Conclusion

The present work consists two high step-down based DC to
DC converter has been suggested in the system with two
different switching patterns using LC filter for maintain the
scheduled voltage and current. In this study, the transformer
and inductors are not presented in the structure of the
suggested converter. Moreover, the closed loop structure is

proposed in this study with LC filter for mitigating the
harmonics and other power quality issues. The suggested LC
filter has been designed in the converter’s output side for
switching patterns. The first designed converter has been
operating at the duty cycle ration is less than 0.5 and utilized
the conversion converter for conversion. Similarly, the second
developed converter is designed with total range of duty cycle
with the help of single conversion ratio equation. The 1st
converter voltages stresses is less than the 2nd converter. The
suggested  system has been developed in the
MATALAB/Simulink environment. The suggested closed loop
network shows superior performance in terms of all
operating conditions as compared with other techniques.
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