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Abstract — This paper presents a control configuration
approach for ideal unique reaction in single-stage framework
associated sustainable converters with least energy

stockpiling parts. This is a significant issue in acknowledging
minimal and vigorous converters without utilization of
massive and touchy electrolytic capacitors. Non optimum
dynamic reaction brings about undesired interferences of the
most extreme power point following and decrease of the
general effectiveness of the framework. Normal practice is to
choose an enormous dc-transport size in request to decrease
the twofold recurrence swells that cause music furthermore, to
hinder the dynamic reaction to keep away from enormous
variances on the transport brought about by arbitrary info
power bounces. This paper shows that the two issues can be
routed generally by improving the control framework and
without need to exorbitantly expand the size of the transport
part. This paper proposes a control framework to accomplish
these objectives and gives an insightful plan technique to
improve both powerful reaction and yield current music The
proposed technique prevails to diminish the size of transport
part a few times without bargaining the framework execution.
Details of the proposed method, mathematical modelling of
the bus controls and current control systems, simulations, and
experimental results are presented and discussed.

Keywords (Size 10 & Bold) — Compact dc bus, distributed
generation, electrolytic capacitor, renewable energy.

I. INTRODUCTION

The power electronic converters are broadly utilized for
interfacing environmentally friendly power assets with the
utility framework. They are liable for extraction of greatest
force from the source and for infusion of smooth and excellent
current to the matrix [1]-[3].One of the ordinarily utilized
geographies for such converters is the two-stage converter
geography [4], [5]. Ordinarily, the principal stage plays out the
(most extreme) power extraction from the inexhaustible
source and gives reasonable voltage level to the subsequent
stage; and the subsequent stage creates and infuses a steady
and smooth ac capacity to the network. A dc transport is
utilized to connect the two phases and to decouple the
throbbing part of the air conditioner power from the source [6],
[7]. The subsequent stage is likewise answerable for
controlling the dc-transport energy whose normal reference
esteem is picked by the creator dependent on the framework
boundaries and part constraints.

There are two other converter geographies including single
stage and three phase or more. In the single-stage geography,
voltage intensification isn't utilized in light of the fact that the
yield of the environmentally friendly power asset is as of now
at an appropriate level for direct transformation to ac. In this
geography, the reference for the dc transport is
straightforwardly accommodated the inverter by the greatest
force following calculation. This methodology isn't
appropriate - for power decoupling and doesn't permit
minimization of the aloof energy stockpiling parts. Different
methodologies with multiple stages streamline the control
difficulties and accomplish more strong execution by
expanding the quantity of control factors and making control
frameworks more decoupled. Such geographies experience the
ill effects of higher number of segments, greater expense, and
regularly lower productivity [4], [5]. It very well may be
presumed that a two-stage approach with least energy
stockpiling is the ideal arrangement as far as conservativeness,
dependability, cost, and effectiveness. To accomplish a
decoupling with just two phases, a strategy is proposed in [8]
and [9] where the twofold recurrence wavering is allowed on
the transport part and the results of the transport swells are
wiped out utilizing control strategies.

When electrolytic capacitors are compared to other
capacitor technologies like film capacitors, the film capacitors
have a much better life expectancy and much lower internal
resistance, but also significantly lower energy density. This
lower energy density results in approximately an order of
magnitude larger volume, at the same capacitance, as an
electrolytic capacitor [10], [11]. Even though a film capacitor
would be a better option than an electrolytic capacitor in terms
of the life of the converter, the enormous increase in volume
makes the film capacitor option unviable in passive filtering.

In the case of passive filtering where the capacitor is
connected directly to the DC bus, the total amount of energy
stored in the capacitor is much more than the amount of
energy that is extracted and injected into the circuit in each
period.

The figure below is an illustration of the utilised and
unutilised energy in a DC-bus capacitor, indicating the
instantaneous energy storage in the capacitor.
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Fig 1-: Energy waveforms of a capacitor directly connected to the DC-bus
of a single phase inverter indicating which portion of the total stored energy is
utilised.

If larger voltage variation of the capacitor is allowed, all
this unused energy could be utilised. Unfortunately, a
capacitor that is directly connected to the DC-bus cannot
tolerate wide voltage variation, as this would mean that the
DC-bus voltage is not constant anymore.

Il. GENERAL DC FILTER CAPACITOR POWER
MANAGEMENT

In the literature study, several different approaches were
researched to solve the problem of instantaneous power
mismatch. It is seen that all of these methods create the same
capacitor power waveform for a given inverter power
waveform, even if the voltage or current ripple varies. This is
due to the law of conservation of energy, given as:

Py (t) = Poye(t) (D)

Which must hold true under ideal conditions. It is important
to note that the power that a capacitor processes is primarily
governed by the laws of conservation of energy, and voltage
and current ripple will in turn create the required power
waveform.

A. Fundamental Approach to Solving Capacitor Power

In an isolated system, the input and output power of the
inverter will be equal. This explains why a large ripple will
be created on the DC side of the inverter when no energy
buffer is implemented, given that the output side has been
defined to be AC. If the AC side of the inverter has a
defined power waveform, the exact input power waveform
can be defined to ensure that P;,, (t) = P, (t).

B. Capacitor Power Evaluation
The basic power processed by a capacitor is given as:

Pe(t) = V() X €= V(D] ... ()

Where P (t) is the power processed by the capacitor,
V. (t) is the time varying capacitor voltage and C is the
capacitance. As stated above, P.(t) must take the
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following from to adhere to the laws of conservation of
energy:

Pc(t) = Py sin(Rwt) ..(3)
Where Pavg is the average power of the inverter. This

value is assumed to be constant in this study, as only a
single point of operation of the inverter is evaluated.

C. Application to Passive Filtering
The design of a passive filter to correspond to a chosen
capacitor voltage range has been derived. Because the
model above is based on fundamental equations, it must be
applicable to passive filtering, as well as active filtering
where the capacitor is decoupled from the DC bus.

D. Application to Active Filtering

All capacitor power waveforms must take the form of a
sine wave if the output power has been defined. In essence,
direct power control and active filtering are the same thing,
although different parameters are controlled.

The concept of direct power control entails controlling
the power processed by the capacitor directly, instead of
injecting current into the DC bus to regulate the DC bus
voltage and current, as in the most cases of active filtering.
The greatest advantage of this approach is that it enables
the minimum possible capacitance to be used. The control
system of direct capacitor power control will try to create
the negative part of the time varying term in the AC power,
to cancel the term and create ideal ripple cancelation in the
DC bus.

I1I.CONVERTER LOSS MODEL

To be able to use the model to its full potential, a loss
model of the chosen converter is also required. It is not a
necessity to incorporate a loss model into the general solution,
but it will add the ability to accurately choose a set point
voltage variation. The trade-off between voltage variation,
capacitance and losses can be viewed on the same plot
simultaneously and an informed decision can then be made.

For the purpose of this study, a simple full bridge converter
is chosen as seen in Figure 2 below. As it is not the purpose of
this research to optimise the converter design, a simple PWM
modulation technique is assumed, along with hard switching
of all the transistors across the entire operating range.

ju— UCa D

Fig. 2 - Bi-Directional Full Bridge converter configuration
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For the purpose of this rudimentary loss model, the
assumption is made that only switching losses and conduction
losses of the transistors will significantly contribute to the
total converter losses. Other losses incurred from the circuit
like the capacitor’s series resistance are deemed to be
insignificantly small, and will be ignored.

IV.CHOSEN COMPONENTS

To be able to assess the losses of a transistor, the
characteristics of the specific transistor needs to be known.
Most of the important characteristics that are required to
evaluate the transistor can typically be found in the
manufacturer’s datasheet of the device.

Depending on the required accuracy, researchers tend to
test the transistors under laboratory conditions to be able to
measure the desired characteristics with accurate measuring
equipment. In this research, only the datasheet characteristics
will be utilised.

To keep up with modern trends of increased switching
frequency, the IGBT in the Infineon Trenchstop 5 range has
been chosen. The relevant characteristics from the datasheet
can be seen in the Table | below:

Table |
Chosen Infineon IGBT characteristics
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As seen in the figure above, a small inductance has been
placed in series with the voltage source. This has been done to
weaken the ideal source so that the simulation results are
closer to real-world application. An inductance value of 1 mH
has been chosen as it is a real-world possible value that that
can be found in DC sources.

A. Simulation Results of Solution Two (80 uF
Capacitor)

In the simulation, the results and conclusions are based on the

converter as a whole, including the inverter and the active

filter. For this reason, the plots will illustrate both of the

inverter and filter variables on the same axis, and then the net

effect of those variables in the system thereafter.

The first simulation is done on the case study where the
capacitance was calculated to be 80 uF and a minimum
required voltage of 29.07 V. The relevant plots can be seen
below.
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Fig. 4 - Solution Two comparison between the inverter output line voltage
and the active filter capacitor voltage.

Parameter Value
Part Number IKP15N65F5
Collector — Emitter
Breakdown Voltage Sk
Collector Current 21 A
Operating Switching 30 kHz — 120 kHz
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Fig.5 - Solution Two power comparison between the inverter output line

V. SIMULATION RESULTS

The configuration of the active filter in conjunction with the
full bridge single phase inverter can be seen below. Both of
the active filter scenarios in the case study make use of exactly
the same circuit, only with different capacitances. A triangular
waveform of 100000 kHz was used as the carrier waveform
and the fundamental voltage waveform calculated was
implemented using C code.
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Fig. 3 - Topology and configuration of simulation setup.

Voltage
M

500
400
300
200

power and the active filter capacitor power.

Vo e

100

[ 001 0.02 003 004
Time [s]

Fig.6 - Solution Two resulting DC-Bus voltage.

B. Simulation Results of Solution Three (120 uF Capacitor)

The second simulation is done on the case study, where the
capacitance was calculated to be 120 uF and a minimum
required minimum voltage of 232.2V. The relevant plots can
be seen below.
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Fig.7 - Solution Three voltage comparison between the inverter output
line voltage and the active filter capacitor voltage.
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Fig.8 - Solution Three DC-bus resulting voltage.

It can be seen that all of the results obtained from the
simulation results are as expected from the general
solution model.
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