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ABSTRACT: A triple-level circulate (TPS)
stability method with reduced transformer's
voltage pressure is proposed throughout this
paper for the diode-braced full-join (FB) 3-stage
disengaged DC/DC converter. The proposed
method can maintain the transformer's best
voltage changes (1V) at simply 50% of the
understanding voltage (Vin/2) with the aid of
using utilising 3 level circulate delays.
Subsequently, contrasting and consequently the
conventional strategies, the blessings of the
proposed system include: 1)
(dv/dt) at

transformer and 2) enhancing the transformer's

lessening the

voltage alternate charge the
voltage sounds because of the really well worth
of the staggered voltage. Also, the proposed
method has operating modes with 0-voltage
changing (ZVS) for enjoyable the huge records
voltage variety. At last, the proposed device is
checked with the aid of using each duplicate and

trial results.
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INTRODUCTION
When refers to the type of microgrids, DC
microgrids are becoming promising solutions for
future smart-grid systems because of the
increasing usage of renewable distributed energy
sources and energy storage systems in DC form.
In addition, DC microgrids have obvious merits
such as high efficiency, frequency stability, no
reactive power, and easy system control [2]-[7]
in comparison with AC microgrids. In general,
DC microgrids prefer a high DC bus voltage to
increase the power delivery capability and
reduce transmission losses. In DC microgrids,
DC/DC
responsible for delivering power and interlinking
different

isolated converters, which are

bus voltages, are fundamental
components and largely influence performances
of DC microgrids [8]-[10]. Accordingly, the
researches on the highinput-voltage and high-
reliability isolated DC/DC converters are desired

for DC microgrids. For high voltage applications,
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one of most competitive candidates is the three-
level (TL) based isolated DC/DC converter due
to the lower switch voltage stress in comparison
with the two-level based DC/DC converter [11],
[12]. A lot of research about the TL based
isolated DC/DC converter has been carried out
so far. Reference [13] proposed an improved
half-bridge (HB) TL isolated DC/DC converter
(TL-IDC) with the simple phase-shift control.
Based on [13], a TL-IDC with an auxiliary
circuit was proposed in [14] to reduce the
circulating current and thus improve the
efficiency. Reference [15] proposed a new TL-
IDC with series-connected transformers to both
realize the zero-voltage switching (ZVS) in the
almost entire load range and balance the output
currents. In [16], a novel four-switch TL-IDC
with a compact circuit structure was proposed.
Based on [15], four kinds of TL-IDCs with wider
soft-switching range were proposed in [17]. In
[18], a novel ZVS control strategy was proposed
to balance the currents among input capacitors
and primary-side power switches for the four-
switch TL-IDC proposed in [16]. Additionally, a
new ZVS TL-IDC with a corresponding
secondary-side phase-shift-control was proposed
in [19] to reduce the circulating current for high
voltage applications. The above research is
mainly about the HB TL-IDCs. However, the HB
converter maybe not the most attractive choice
for the high-power applications due to the high
current stress on the power switch. Normally, the
FB converter is preferable for high-power

applications [20], [21]. Two hybrid full-bridge
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(FB) TL-IDCs were presented for the high-
power applications in [22], [23]. Reference [24]
(CPS)
modulation strategy for the diode-clamped FB
TL-IDC. Based on [24], a double phase-shift

(DPS) modulation strategy was proposed to

proposed a chopping phase-shift

reduce the power switches’ conduction loss in
[25]. Additionally, reference [26] proposed a
new modulation strategy to balance the currents

among the primary-side power devices.

PWM CONTROLLER FEATURES

This controller offers a basic “Hi Speed”
and “Low Speed” setting and has the option to
use a “Progressive” increase between Low and
Hi speed. Low Speed is set with a trim pot inside
the controller box. Normally when installing the
controller, this speed will be set depending on
the minimum speed/load needed for the motor.
Normally the controller keeps the motor at this
Lo Speed except when Progressive is used and
when Hi Speed is commanded (see below). Low
Speed can vary anywhere from 0% PWM to
100%.

Progressive control is commanded by a
0-5 volt input signal. This starts to increase
PWM% from the low speed setting as the 0-5
volt signal climbs. This signal can be generated
from a throttle position sensor, a Mass Air Flow
sensor, a Manifold Absolute Pressure sensor or
any other way the user wants to create a 0-5 volt
signal. This function could be set to increase fuel
pump power as turbo boost starts to climb (MAP

sensor). Or, if controlling a water injection pump,
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Low Speed could be set at zero PWM% and as
the TPS signal climbs it could increase PWM%,
effectively increasing water flow to the engine as
engine load increases. This controller could even
be used as a secondary injector driver (several
injectors could be driven in a batch mode, hi
impedance only), with Progressive control (0-
100%) you could control their output for fuel or
water with the 0-5 volt signal.
MODELLING OF CASE STUDY

In this triple-phase-shift (TPS)
modulation strategy is proposed for the diode-

paper, a

clamped FB TL-IDC as an extension of our
previous work [29]. High voltage changes with
the value of the full input voltage on the
under the conventional

transformer occur

strategies, but the proposed strategy can
maximum value of these voltage changes at only
half of the input voltage (Vin/2). Consequently,
the proposed strategy can mitigate the voltage
stress, voltage change rate (dv/dt), and voltage
harmonics on the transformer. Additionally, the
proposed strategy comprises two operating
modes with ZVS to fulfill the wide input voltage
The

operating modes

two
the

range. transition between these

is seamless. Finally,
simulation and experimental results are given to
validate the proposed strategy. Comparing with
the previous work in [29], this paper adds the
following new contents. 1) The introduction has
been enhanced. 2) The analysis of the operation
principle of TPS strategy has been enhanced. 3)
The the ZVS

performances under the TPS strategy has been

theoretical  analysis  of
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added. 4) The verified simulation results have
been added. 5) More experimental results and
related analysis have been added, including ZVS
performances, transformer’s voltage harmonics,
and efficiency comparison. The rest of this paper
is organized as follows. The proposed strategy’s
operation principle is analyzed in detail in
Section Il. Section |1l presents a detailed analysis
of the characteristics and performances of the
diode-clamped FB TL-IDC under the proposed
strategy.

OPERATION PRINCIPLE
The circuit topology of the diode-clamped FB
TL-IDC is presented in Fig. 1, in which Cil and
Ci2 are two input capacitors; S1 — S8 and D1 —
D8 are power switches and diodes; C1 — C8 are
junction capacitors of S1 — S8; Cs1 and Cs2 are
two flying capacitors; D9 —D12 are clamping
diodes; Tr is the transformer; Lr is the leakage
inductance of Tr plus the inductor in series with
Tr if added; Dr1 — Dr4 are output rectifier diodes;
Lo is an output filter inductor; and Co is an
output filter capacitor. Additionally, V1 and V2
are voltages on Cil and Ci2, respectively; Vin is
the input voltage; Vab and ip are the primary-
side voltage and current; n is the turns ratio of
Tr ; iLo is the current on Lo; Vo is the output
voltage; lo is the output current. It is well known
that the two-level FB isolated DC/DC converter
is one of the most simple and common circuit
topologies. When comparing with the two-level
full-bridge isolated DC/DC converter, the diode-
clamped FB TL-IDC as shown in Fig. 1 has

Copyright @ 2021 Authors



Juni Khyat
(UGC Care Group I Listed Journal)

more complex topology and control strategy,
which means it would have higher cost and
implementation complexity. However, the diode-
clamped FB TL-IDC has the following merits. 1)
It can withstand higher input voltage because the
voltage stresses of power devices in the three-
level converter is only half of that in the two-
level converter. Therefore, it is more suitable for
2) |t

with

higher voltage applications. has a

reconfigurable circuit structure two
operation modes, which can thus satisfy a wider
range of the input voltage. 3) It has a lower
ripple current on the output inductor thanks to
the benefit of multi-level voltage. The detailed
explanations about these merits will be provided
in the following contents. It also needs to be
mentioned that the diode-clamped FB TL-IDC as
shown in Fig. 1 has two flying capacitors Csl
and Cs2, different the

conventional diodeclamped multi-level topology

which is from

without flying capacitors.
SAMPLE RESULTS
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CONCLUSION

. In this paper proposes a triple-phase-shift (TPS)

modulation strategy for the diode-clamped FB

TL-IDC to improve the transformer’s voltage

. stress. By employing the three phaseshift delays,

the transformer’s voltage changes can be kept at
only half of the input voltage (Vin/2) under the
proposed strategy. Consequently, the voltage

stress, voltage change rate (dv/dt), and voltage
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harmonics on the transformer can be reduced

when comparing with the conventional strategies.

Additionally, the proposed strategy is composed
of two operating modes that can not only achieve
ZV'S but also fulfill the wide input voltage range.
The transition between these two operating
modes is seamless. Finally, the simulation and
experimental results validate the proposed

strategy.
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