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Abstract: Three-level isolated DC-DC converter is an
attractive topology in high input voltage applications,
which can provide the voltage stress of the power devices
to only a half of the dc voltage and also reduce the size of
dc filter requirement. But major limitations in the existing
three level ZVS converter topologies are brought out with
an increased inductance in the primary side and it
required to provide complete ZVS of all primary devices
down to light loads. By employing an external inductance
in the primary of the transformer, total leakage inductance
of the transformer increases which is required for
realization of soft switching of the converter switches but
there are some disadvantages of connecting external
inductance in the primary of the transformer. To
overcome all these drawbacks, the three-phase three-
level isolated DC-DC soft switching converter has been
proposed in order to reduce voltage and current stresses.
This converter topology requires less number of control
switches and operates with an asymmetrical duty cycle
control. The proposed three level DC-DC converters
provide two- level voltage waveform before dc output
filter, which significantly reduce the size of dc output filter.
The proposed work has been implemented using
MATLAB/SIMULINK and the performance of the
proposed converter is verified through simulation results.

Keywords: Three-phase, Three-level, isolated DC-DC
Converter, Switching losses. Zero voltage Switching (ZVS),
duty cycle control.
1. Introduction

To overcome the limitations of single phase three
level DC-DC converters, three-phase three-level isolated DC-
DC soft switching converters are considered in order to reduce
voltage and current stresses. In DC-DC power conversion,
three-phase full bridge PWM dc-to-dc soft-switched
converters have placed considerable importance. A three phase
three-level topology has been proposed in [1], [14] for inverter
application to minimize the voltage stress to half of the dc
input voltage. The three level converter has been used for
realizing a dc-to-dc converter in [2], [3]. In [4], the phase-
shifted PWM is used to provide soft commutation and it is a
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simple control structure and compact system having high
power density and at high power levels, the components of the
converter provides considerable current stress.

Three-level converter is an attractive topology in high
input voltage applications, which can provide the voltage
stress of the power devices to only a half of the dc voltage [5].
To further minimizes the voltage rating of devices for three-
phase three-level and three-phase full-bridge PWM DC-DC
converters were proposed in [6], [7], as a combine
configuration of half-bridge three level converter and full-
bridge three-phase converter. The symmetrical duty cycle
control was used in the converter [6], and the converter has the
advantages including lower voltage stress on devices, voltage
source characteristic and soft-switching capabilities for output
stage. A phase-shifted PWM control strategy was employed in
the converter [7], as a result, the devices can provide ZVS and
ZCS without any additional auxiliary components. The
common advantages of three phase three level DC-DC
converters specified above are the employment of a three-
phase transformer and inverter configuration, even though the
voltage stress on devices can be minimized, the power devices
result in the larger overall cost and increased complexity of
control circuit.

The other alternative were developed in [4], [8], these
topologies uses a three-phase high frequency transformer
coupled to a three-phase inverter and to a three-phase high
frequency rectifier. The advantage of this topology increase
the output and input current frequency by a factor of three as
compared to full-bridge converter and smaller rms current in
the power components and reduction of cores. Even though, it
indicates satisfactory features, soft commutation has not been
provided, which limits the power density and the switching
frequency. The use of asymmetrical duty cycle in three-phase
DC-DC converter was developed in [9], [10] to provide ZVS
commutation of all devices for a wide load range. Analogously
to the full-bridge converter, the selected topology undergoes
conduction losses in the secondary stage, because two series
diodes carry the load current. Hence, involvement of a three-
phase high efficiency rectifier and a three-phase DC-DC
converter seems to be an optimal placement to applications
that demand low output voltages and high current levels. It
provides an increment in the output current and input current
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frequencies by a factor of three as that of full bridge converter.
This will results in lower current ratings for the components
and a reduction of size of isolation transformer. But, switching
devices experience the control structure and high voltage
stress is also involved. In order to overcome these drawbacks,
a converter topology consists of a three-phase three level
Phase shift PWM converter consists of six devices operates
under ZVS and six devices operates under ZCS has been
presented in [11]. But, the control duty cycle range of the
converter is from 0 to 120° In order to obtain the rated
voltage, the converter must be overrated by 33%. To overcome
this drawback, a new three-level dc-to dc Phase shift PWM
converter is considered in [3], [12] consists of secondary
rectifier is a centre-tapped full-wave current tripler. This
makes to considerable reduction in the size of the dc output
filter as compared to conventional full bridge topology. For
the same power at a specified voltage level, the current carried
by each switch is minimizes to one-third as that of converter in
[13]. Therefore, a lower rated switch will be used for a high-
power application and it leads to good thermal management as
total power dissipation gets distributed over more number of
switches. Hence, the rms value of input current is less as
compared to single-phase version for the same power level and
dc-link voltage [13]. The soft switching of devices based on
ZVS is provided by energy stored in the transformer leakage
inductance [14] and soft switching of devices based on ZCS is
provided by placing tapped filter inductors at the output side
of transformer [15]. The mechanism of dc output filter having
a tapped inductor provides reduction in circulating current
during a freewheeling interval, which results with reduced
conduction losses.

To satisfy the needs for high conversion performance,
some solutions take resonant three-phase converters where soft
switching can be provided, including the resonant LCC-type
converter proposed in [16] and resonant LCL-type converter in
[17]. The improved resonant converter provides ZVS
condition under wider load range and higher converter
efficiency. The wide changes in switching frequency should be
used in the applications with high input/output voltage range.
The other alternative schemes are the three-phase non resonant
soft-switching converters. The three-phase DC-DC converter
with asymmetrical PWM was presented in [18], [19], in order
to provide ZVS commutation for all devices and control the
output voltage, the lower and upper commutation cell devices
are focused to different current stresses. All the topologies
mentioned are usually suitable for medium voltage level, for
the devices still sustain the whole input voltage and will
provide high voltage stress in high input voltage applications.

In this research work, the three-phase three-level
isolated DC-DC soft switching converter has been proposed in
order to reduce voltage and current stresses. This converter
topology requires less number of control switches and operates
with an asymmetrical duty cycle control. The proposed three

Published Online 25-3-2021

level DC-DC converters provide three- level
waveform in the primary side of transformer,
significantly reduce the size of dc output filter.

voltage
which

2. Three-Phase Three-Level Isolated Dc-Dc Converter:

The circuit diagram of three phase three level
converter is shown in Figure 1. The delta/star connected three-
phase transformer is used with low turns ratio and low VA
rating. The inductances L, L and Ly are used along with
transformer leakage inductances L, Libw and Ly to make
wider ZVS range. The freewheeling diodes Ds and Dy, are
used along with flying capacitor Css. The diodes Dgri-Drs are
the rectifying diodes. The dc output filter consisting of Ly, Ct
and R is the load resistance.

2.1: Proposed three-phase three-level (TPTL) ZVS isolated
DC-DC converter:

The switching pattern of the original control
algorithm and modified control algorithm are as shown in
Figures 2 and 3. From Figure 2, it is clear that the duty cycle
of all the control switches are equal and conduction period of
each control switch is 120°. The specified duty cycle of each
control switch is in the range of 0.167 to 0.33. The duty cycle
of control switch is varying with the dc input voltage and load,
the incoming control switch cannot be exactly turned on at the
instant of collector to emitter voltage zero within the
operational period. Hence, the switches are operating under
hard switching and produce considerable switching losses. In
order to provide ZVS commutation in the switches, the
interleaved control switches are to be designed in a

complementary manner with proper dead time and it is similar
to the control mechanism used in the asymmetrical half bridge
converter. Therefore the control switches S;, Sz and Ss are
receiving complementary pulses of control switches Sa, Se and
So. The control pulses for the asymmetrical scheme are as
shown in Figure 3.

Figure 1: Configuration of three phase three level DC-DC
converter
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Table 1: Comparison of Proposed converter with existing
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2.2 Modes of operation:

converter The following assumptions are considered in TPTL
Type of Three-phase Proposed Three- DC-DC converter:
Element Three-Level DC- phase Three-Level (i)  The control switches and diodes are ideal
DC converter DC-DC Converter (i)  All inductances and capacitances are ideal
topology [6] Topology (iii) The output filter inductor should be large enough to
Control n* 4 n*2 .
switches make output gurrt.ent cgntlnuous and constant
Diodes n*6 n* 4 throughout the switching period.
Gate-Amp n* 4 n*2 (iv)  The primary side inductances in each phase of the
Dc-Link n*3 n transformer is identical. ie., Lia=Lixp=Likc=Lik,
Capacitors Lra=Lw=Lr=L:
Switching High Low (v) The intrinsic capacitors are equal.
Losses C1=Cp=Cs=C4=Cs=Ce=C;
Where “n *is the n‘m_lber of transformer The operational waveform of the proposed converter
primary voltage levels, n=3 is shown in Figure 4 for asymmetrical duty cycle control. This
converter has 18 operational modes and 7 operational modes
‘ are shown in Figures 5 to 11 and the remaining modes are
symmetrical to first 7 modes in the switching cycle.
S; S, S;
0 >t Se Ss Se
- s s [ = Ik
: - T ‘
s||s||s t
> > A
: - TR /S
i s ‘
Figure 2: Symmetrical duty cycle control Vo ! \i,—/
u L e /
G U/ ‘
- - R t
1 ﬁ/t] Llls ts te
Figure 4: Operational waveforms of the proposed
So S Se converter
The currents and voltages of transformer are listed as
. .. s, under:
Vap + Ve + Vea =0 (1)
lsat Usp+ Iisc =0 (2
dig _ (disa) _ VLika
Figure 3: Asymmetrical duty cycle control of proposed at T Npat Ly ®)
converter diy _ (disp) _ VLkb &)
Table 1 shows the comparison of proposed three- ;Ct (dNde)t , Lue
phase three- level DC-DC converter with conventional three- — — = ﬁ = %:” (®)

phase three-level DC-DC converter. From table 1, it is noticed
that, the no. of control switches used in the proposed converter
are less than the conventional converter.
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Where N; denotes turns ratio from primary to
secondary of transformer. The voltage drop across transformer
leakage inductance is deduced from (4.25) - (4.28) and is
given by,

Vika + Vikp T Vike = 0 (6)
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Operational mode 1: (prior to to)

Before time t=to, the switches Si, Sz, S¢ are on along
with diode Dy, in the primary side and diodes Dr1 and Drgs are
operating in the secondary side as shown in Figure 5. The
voltages Vag=Va/2, Vec=0 and Vca=-Vq/2. Based on
equations (4.24), (4.25) and (4.29), the following voltages are
obtained:

_ Vac — — _Vdc
Vpa = =5 Upb = 0, vpc = - -
_ _ 1
Vrec = Vsa — Vse = N Vac
T

®)

Where Vi denotes transformer primary voltage and
Vsi denotes transformer secondary voltage, the script ‘i’
denotes a, b, and ¢ subscripts.

Lika

5T S pd Jfe |9, ¥0u B0n 40w
DiL S’.l E e Cq Ds Cs Tk Jish — [ L
- *. * o

s Wt S| SN T ¢ |vrect
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s s, | o] L ic I
D12y 4‘ Dy Cd c
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Figure 5: Equivalent circuit for mode ‘1’ operation

Operational Mode 2: to<t<t:

At time t=to, the control switch S; is off. Thereby
capacitor C; starts charging whereas the capacitor C4
discharges linearly and hence the rectifying voltage will get
reduced, as shown in Figure 6. The rising rate of voltage
across S; is limited by the capacitor Ci. The voltage across Ci
and C, are as follows:

ver(®) = ot = £) ©)
v C
vea(t) =75 — (ﬁ.w - m) (10)
T 1
Cal bk T -

s s, ipd §prra [ isa_ ¥ Dmt Drs D!
ok L D C Il [Cs T Yisb — n .
HesaT «4 4 ia T e T s ¢ |vrect ©
SS La Ipt Tr)

A i Lk

c T Like + 3Br,
¢ 8 S Lrc"ic R | 4
st I cs D,
De. _l C

Figure 6: Equivalent circuit for mode ‘2’ operation
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At time t=t;, the voltage across C; increases to Vq/2
and the voltage across C4 falls to zero. Hence the diode D4
naturally conducts and rectifying voltage becomes reduced to
zero.

Operation Mode 3: t1<t<t2

Ly

+

Drs

e 1Y)

Figure 7: Equivalent circuit for mode ‘3’ operation

The current flowing through C; is transferred to Css
when the capacitor C; is totally charged and Css begins to
charge. The voltage capacitor Css increases and it blocks the
diode Dr, into off state, during this period, Vag=Vec=Vca=0.
The diode D4 starts conducting and it makes zero voltage
condition for turn-on of switch S4. The diodes Dgr; and Dgs are
operating and rectifying voltage becomes zero, as shown in
Figure 7.

Operation Mode 4: t2<t<ts

At time t=t, the control switch Se is turn-off under
ZVS and voltage Vag rises in reverse polarity. If voltage Vpa is
maintained constant then voltage polarity of L. is
independent on current flowing through it. Thereby, the
current ipa will decrease and in this instant the load current
cannot be provided. In this case, the diode Dgs starts
conducting and current becomes commutates between diodes
Dr1 and Dgs as shown in Figure 8.

viear

Figure 8: Equivalent circuit for mode ‘4’ operation
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The voltage across Cs and Cg are as follows.

ves(t) = 24— ﬁ Iy. Z,.. sin[w, (t — t,)]) (11)
Ve (D) = ﬁzo Z,..sin[w, (t — t,)] (12)
() = %.10 + %NLT.IO cos[wy(t — £,)] (13)
ip(t) = =1 lo cos[wy(t — )] (14)
ic(t) = _i"‘) + ;NLT.IO. cos[w, (t — t,)] (15)

In this mode, the rectifying voltage becomes zero.
Thereby, the voltage across capacitor C3 decrease to zero and
simultaneously D3 starts conducting.

Lika 1k

‘D5 ra 132,

Lk _Lisb —» | D
ia [T | isc Vrect °
ipl i =

°

Lra

¢ Like + 3B,
—— {4
s Lrcic ! 3§ :
4l D, C.
T 2 Dro Dry Drs

Figure 9: Equivalent circuit for mode ‘5’ operation

The control switch Ss is ready to turn-on under ZVS
at any time after t=t, since the body diode Djs is already on. In
this mode, the switches S,, Sz and S4 are conducting, thereby
Vag=-Vue/2, Vec=Vuc/2, Vca=0. The rectifying diodes Dgs,
Dr1, Drs are conducting and rectifying voltage becomes zero
as shown in Figure 9. The phase currents in the proposed
converter during this mode are,

. . v,
lpa(t) = lpa(ts) - ﬁ-(t — t3)

(16)
. . Vie
ipp(D) = ipp(t3) + a-(’f —t3) -
ipe(® = —3--To .

The line currents can be determined from (4.33) to
(4.35) is as follows.

ia(D) = ia(ts) — 2t — t5)
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From equation (4.39), the current is, flowing through Dgy will

be falls to zero then diode Dg, conducts and diode Dr;1 turned

off simultaneously. As compared to the primary voltage, the

rectifying voltage is lost at time t=ts 4. The loss of duty cycle is

given by,

D _t3, _ 6lplp
loss1 = Tsw = NV Ts

3

(22)
Where T is the switching time period.

Operational Mode 6: t4 <t <ts

During this interval, Vas=-Va/2, Vec=Vu/2 and
Vca=0. The voltage and current expressions of the transformer
during this mode are,

V, C V, C V, C

Vpa = _%-Upb:%JUpc: _% (23)
eV ge

Vrec = Vsp — Vs¢ = 23;_ (24)

. 1 Ve

lA(t) = E.]o - i(t - t4} (25)

. 1 Vae

ig(t) = E']" + i‘p.(t —q) (26)

. 1 Vae

ip(D = —Z.E.Io +r‘p.(t —1t4) 27

The current isc will flows through the diode Dre. The
diode Dgs is turned off, when the current i falls to zero. At
this time, the transformer primary and secondary currents are
becomes zero as shown in Figure 10. The time duration of this
state is given by,

(28)

After this state, the switches S, Ss and Ss are
conducting in the primary side and the diodes Dgrz and Dgrs
conducting in the secondary side. The rectifying voltage
becomes k*Vq, and it is same as the rectifying voltage in
mode 1. The equivalent circuit of this mode is shown in Figure
10.

°
=
8

Figure 10: Equivalent circuit for mode ‘6’ operation

Operational Mode 7:ts <t <ts
After mode 6, the switches S, Sz and S4 are operating
in the primary side, the diodes Dgr, and Drs are operating in the
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2Lp” (19)
. s Vdc
ig(t) = ig(ts) + L_(t — t3)
P (20)
. . Vdc
ic(t) =ic(ts) — T(t — t3)
P (21)
Copyright © Authors

ISSN (Print): 2204-0595
ISSN (Online): 2203-1731



IT in Industry, Vol. 9, No.2, 2021

secondary side and the rectified voltage becomes

1
N_T'Vdc
which is same as mode 1. The equivalent of this mode is
shown in Figure 11.

D

Vrect

Figure 11: Equivalent circuit for mode ‘7> operation

2.3 Design equations:

The converter design indicates the design of values
for Cq1, Ca2, C1, Cp, C3, Cy4, Cs, Cg, Css, Li, Lt and C;.

The output inductor should be large enough to make
the output current should be continuous throughout the
switching period and leakage inductance of transformer must
be small enough to make the less reset time.

The capacitors Cq1 and Cg2 must be large enough to
make the voltage division must be maintained as constant even
when the change of input voltage and voltage spikes produced
by the switching capacitances.

The resonant capacitor C; (=C1=C,=C3=Cs= Cs=Cs)
must be selected in such a way that the minimum requirement
for ZVS operation of control switch during turn-off. The large
capacitance is required to hold the switch voltage closed to
zero during current fall time of the switch (t). The value of ts
can be taken from the data sheet. The value of C; can e
calculated as,

Where I, is the peak value of current flowing through
the primary winding of transformers.

The capacitor Css can be determined based on
parasitic capacitor C, of switch

r

005 20"

CSS = Cr
(30)
The dc output filter elements are designed based on
the following equations:

_ Vo ={1-K)=Ty

Alg = (31)
Le

AV, 2 =(1—K)=f?

Vo T A G2

£ = = (33)

" 2w Lev Cr

Where AV, & A I are the acceptable ripple contents
in the dc output voltage and current waveforms, V, is the
required dc output voltage, f, is the resonant frequency,
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fsw=(1/Ty) is the switching frequency and K is the duty cycle of
switch.

2.4 Realization of soft switching:

Before turning on the switches under ZVS, enough
energy is required in intrinsic capacitors to fully charge or
discharge them. At the time of transition of control switches
Sz, S4 and Sg (shown in Figure in 4.45), the charging current in
intrinsic capacitors is directly proportional to load current.
Thereby, the switch voltages changes linearly and output filter
inductance is used to provide required energy for ZVS
condition of three switches.

In order to make zero voltage turn-on, the incoming
switch intrinsic capacitor is fully discharged through line
current during dead time. The ZVS condition of the switch is
lost if the current used in equation (4.30) is below lomin and it
is given by,

B Vie C..Np
Iomin: S2.84.86 T
d (34)

In order to achieve ZVS for the switches S;, S; and
Ss, the energy stored in the transformer leakage inductances
and resonant inductances are used. The ZVS condition of
switch is lost if the current below minimum current used in
equations (4.31 and 4.32) is given by,

NT' Vdc.
Z‘r

Iomin: $1.83.85
(35)
3. Results and Discussion:

The parameters of the proposed converter circuit

shown in Figure 1, are shown in table 2.

Table 2: Converter parameters

Name of the parameter Value
Switching frequency, fsw 10KHz
DC Input voltage, Vgc 100V
DC Output voltage, Vo 24V
DC Input capacitance, Ca1 200uF
Parasitic capacitor, C, 10uF
Leakage Inductance of transformer, Lk 25.4uH
Turns ratio of transformer (Np:Ns), Nt 1:1
DC filter inductance, L¢ 8.7mH
DC filter capacitance, Ct 10uF
DC load current, lo 80A
Power Rating, P 2000W

Figure 12 show the gate pulses of the proposed
converter switches. If the switches Si1& Se are used to make
positive Vag and switches S; & S4 are used to make negative
Vag. If the switches S;& S3 are used to make positive Ve and
switches S¢ & Ss are used to make negative Vgc. If the
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switches S4, Ss & Se are used to make positive Vca and
switches Si1, S, & Sg are used to make negative Vca. The
primary voltages Vag, Vec and Vca of all three transformers
are displaced by 120°. The three-level voltages in the primary
side of each transformer are 0, Vu/2 and —Vg./2.

15
w
<) 1
5
Sz 05
w
5 0
(&)
05 1.2 1.4 1.6 1.8 2
time (ms) x 10-3
15
8 1
5
2g o5
w
= 0
(&)
-0.5
1 1.2 1.4 1.6 1.8 2
time (ms) x 10—3
Figure 12 (a): Gate pulses for S1 and Sz
1.5
& 1
5
23 05
W
5 0
051 1.2 1.4 1.6 1.8 2
time (ms) «107°
1.5
w
uéo 1
3 o5
W
= o
057 1.2 1.4 1.6 1.8 2
time (ms) «107°
Figure 12 (b): Gate pulses for Sz and S4
15
& 1
5
23 05
W
5 0
05 1.2 1.4 1.6 1.8 2
time (ms) %107
1.5
w
o] 1
5
23 05
w
3 0
-0.5

1.2 1.4

time (ms)

1.6 1.8

Figure 12 (c): Gate pulses for Ss and Ss
Figure 4.48: Gate pulses for proposed three-phase three-
level DC-DC converter

Figure 13 show the waveforms of primary voltages of
three transformers. Each transformer primary voltage consists
of three levels which include zero, 50V and -50V and each
primary voltage of transformer are displaced with other two
primary voltages of transformers by 120°. Figure 4.50 show
the combined graph of all the primary voltages of the
transformers.
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Figure 13: Three primary voltages of transformers

100
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17T
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Figure 14: Three primary voltages of transformers
combined in single graph

Figure 14 shows the dc output voltage waveform of
the proposed converter with filter. The dc filter values are
designed in a way that the maximum acceptable ripple content
in dc output voltage and current is 3%. The dc output voltage
is reached to its settling value at time t=0.015s.

N
o

/

0.005

DC OUTPUT
VOLTAGE

[
o

0

0 0.01

time (s)

0.015 0.02
Figure 14: DC output voltage waveform with filter.
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Figure 15: Gate voltage, voltage across and current
through S1 during ON to OFF
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Figure 15 and 16 show the gate voltage, voltage
across and current through switch S; during on state to off
state and off state to on state instants respectively. From
Figure 15, during turn-off transition the collector to emitter
voltage of switch is still zero due to its intrinsic capacitor C;
but the collector current of S; starts falling. Thus, it can be
noticed that the switch S; turns-off in ZVS mode. From Figure
16, the voltage across device once almost reached to zero, the
gate to collector voltage is applied, thus indicates ZVS turn on
action for switch Si. Due to soft switching, there will be no
voltage spikes in the primary side switches. The voltage stress
in the primary side of switches becomes half of the input dc
voltage, as a result the conduction losses are reduced and low
rated devices can be used for high power applications.

Figure 17 show the gate voltage, voltage across and
current through switch S, during on state to off state transition
period. At time t=8.769ms, the switch S; is changing its state
from on to off. The voltage across switch S is still zero due to
its intrinsic capacitor C,. Hence this switch is operating under
ZVS during on state to off state switching transition period.

15
w
1
2 05 \
05 0
> 05 / \
/ 89 \ 891 892 893 894 895
ti 3
Ig 200 i _tme ks x10
22 0 ~ -
59 ool f
\ &9/ 891 892 893 894 8.95
time (ms -3
-5 40 : : e L —x10
EE 207 \ / m
"3 0 ~ 89

891 8.92 8.93 8.94 8.95
time (ms) X 10-3

Figure 16: Gate voltage, voltage across and current
through S: during OFF to ON
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Figure 18 show the gate voltage, voltage across and
current through switch S, during off state to on state transition
instant. The switch S; is turned on at time t=8.735ms, the
collector current of S, starts rising due to leakage &
magnetizing inductances of transformer, whereas the collector-
emitter voltage of S, is clamped to zero by the body diode of
So. Hence, the switch S; is operating under ZVS during off
state to on state transition period and no switching power loss
in this transition instant. In the similar manner, the remaining
control switches also operate under ZVS during switching
transition period.

g 13
w
£ 05 | |
OO 0
> -05
87 81l 872/ 873 | 874 875 876 877
T 200 | fie {ms) —2VS x10°
o2 100 |
g': 0 ™\
%S 100 ‘
87 871 872\ 873 | 874 875 876 877
time (ms) 3
IE 40 x 10
ou \ / AN
Eax 20 WY
%% 0 ot
87 871 872 873 814 875 816 877
time (ms)d X 10-3

Figure 18: Gate voltage, voltage across and current
through Sz during OFF to ON

Table 3 shows the % efficiencies of the proposed
three-phase three-level DC-DC converter for different load
currents. The performance of proposed three-phase three-level
DC-DC converter is compared with the existing three-phase
three-level DC-DC converter [6] with same parameters as
specified in table 4 in order to realize the proposed work. It is
noticed that the efficiency of proposed three-phase three-level
DC-DC converter was higher than the existing three-phase
three-level DC-DC converter [6].
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Table 4. Comparison of efficiency of proposed converter
with existing converter for various load currents

S.NO | LOAD % Efficiency

CURRENT

(Amps)

Proposed
Three-phase
three-level
DC-DC
converter

50 91.6
60 92.7 90.1
70 94.32 89.6
80 88.2 87

Existing three-
phase three-level
converter [6]

90.25

EE N CSARC N

3. Conclusion

The proposed three-phase three-level isolated DC-DC
converters have the advantages of soft switching and three-
level voltage waveform in the primary side of transformer.
The proposed three phase three level DC-DC converter based
on the sequence of triggering the control switches and
generates three level voltage waveform in the primary side of
transformer to reduce the size of dc filter. Hence, the size of
output dc filter reduced in 3-phase three-level DC-DC
converter topologies. The size of leakage inductance of high
frequency transformer was smaller for achieving soft
switching. Hence, the cost and switching losses were reduced
to a greater extent, thus improves the overall efficiency of a
DC-DC converter. The efficiency of the proposed three-level
isolated DC-DC converter was compared with the existing
three-level DC-DC converter, from the comparison, it was
cleared that the efficiency of the proposed three-level DC-DC
converter was higher than the existing three-level DC-DC
converter.
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