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Abstract: The modernization of distribution grids developed the power systems towards the
smart grid. The microgrid plays a vital role in an improving power systems area, which refers to
the loads operated under an organized and synchronized way and the distributed energy
resources. The microgrid, which is operated in “islanded” mode, should be connected to the main
power grid, or it must be entirely off-grid. Bipolar hybrid microgrid feeds local loads with local
resources because it consists of both DC and AC bus simultaneously. The converter, which is
used for microgrid application, plays an important role, which is said to be Interlinking Converter
(ILC). The lower order harmonics can be eliminated by these ILCs. By reducing the THD and
increasing the dc-link voltage utilization SVM is used. In this paper, there will be an increase in
system performance and great reliability with a fully automated system. There will be a decrease
in switching losses, current ripple and THD of grid current by the use of a new switching
modulation method, which is validated by the Matlab simulation results.

Keywords:
Interlinking Converter, THD, dc-link, carrier based modulation, voltage ripple, grid and hybrid
microgrid.

Nomenclature:

ILC Interlinking Converter NPC Neutral Point Clamped
SVM Space Vector Modulation Ve DC-link Voltage

DC Direct Current VSC Voltage Source Converter
AC Alternating Current BHM Bipolar Hybrid Microgrid
Urer Normalized Reference Voltage Vector

MG Microgrid Ve DC voltage

MLC Multilevel converter

1.Introduction:

The ILC performs the bidirectional flow of power without any power conversion circuit between dc and
ac buses. The distributed power is transferred between utility grids to MG and vice versa [1-3] will be
managed by ILCs, which are the essential device of microgrid [4—6]. The proper bidirectional ILC should
be selected for the load management and the resources that are connected to the microgrid. The BHM
consists of two self-governing AC and DC buses [7]. ILC can control variables of ac or dc bus that act
as an interface between the buses. Hence, in an AC microgrid the operation of ILC has two conditions:
(1) DC Grid Feeding and AC Grid Forming, (2) AC Grid Feeding and DC Grid Forming [8—11]. The
performance of ILC will not be affected by the changes in ac bus but the dc bus voltage will be formed
by the ILC. In hybrid microgrid, two level VSC act as a suitable ILC topology for BHM [12]. The
proposed work contains more efficiency compared to multilevel ILCs. In various cases by having, more
number of voltage levels in dc bus we can able to connected different voltage levels of loads and
resources. A boost converter has to be applied to link PV sources to the dc bus, though, when lower dc-
link is in range, avoids additional boosting voltage, cost of the converter and volume by joining the PV
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to this lower V. [13]. Alternatively, the voltage balancing challenge will be raised by various Vg levels,
which is offered by multilevel converters as ILC.

During high switching frequencies MLC does not accomplish well due to switching power loses. It is
well known that in medium and high power applications, multilevel converter needs extra
semiconductors [14]. The 10-switch converter performs more advantages in both two level and three
level converters that negotiates amongst two level VSCs and MLCs. In [15], it explains about the
different types of MLCs, having combination of three-level NPC and two level VSC. In preceding works
on 10-switch converter, Vg4 balancing problems are not discussed because it is restricted to SPWM
methods [16, 18]. The Z source converter that is connected to 10-switch converter produces output
voltage of low quality with unbalanced currents with the use of four-vector SVM method. Furthermore,
in the switching sequence of SVM by applying two small voltage vectors there will be an increase in
THD and decrease in dc-link voltage utilization.

In this proposed SVM a full scale V. balancing approach is designed and simulated. The survey has
taken for harmonizing the dc-link poles and the same is evaluated for dc-link balancing strategies with
the help of this proposed 10-switch converter. The main features of this 10 switch converter is elaborated
in Section 2 and explains about the elimination method for lower order harmonics with the analyses of
universal control pattern for a grid-tied ILC. The simulation results of this proposed SVM for BHM
under balanced and unbalanced conditions are described in Section 4. Similarly, the current THD,
voltage across ILC, dc link voltages and dc voltage ripple will be evaluated [19-21]. By the use of this
simulation results the benefits of V4 balancing and suggested modulation method is evaluated.

2. Diagrammatic Representation and Circuit model of ILC

The BHM contains ILC which is shown in Fig. 1. An ac output voltage of 2/3 level with three-wire
bipolar dc topology is proposed by 10 switch converter. The conventional voltage source converter
(VSC) added with S1A to S4A switches to obtain this proposed converter. This converter comprises of
3 main legs and an auxiliary leg contains 4 switches having three different forms of switching states (P,
O, N). The switching states and their illustration is shown in table 1.

Table 1: switching states of ILC

Switching State ON switches Terminal voltage
P S1A S1 or S3 or S5 E
0 S2A S1 or S3 or S5 0
S3A S2 or S4 or S6
N S4A S2 or S4 or S6 -E

The auxiliary leg of switches S2A or S3A produces a switching state O and these switches depend on
former leg states. The remaining switching states are said to be understandable. eight and twenty seven
switching vectors of two-level and three-level VSI is compared with the 10-switch converter which has
twenty one switching vectors that contains eighteen active and three zero vectors (PPP, OOO, NNN).
The twenty-one switching vectors of 10 switch converter is splited as three zero vectors which are sited
midpoint of a hexagon including six large and twelve small vectors. The dc-link poles are short-circuited
due to this 10-switch converter by having this medium level vectors. The SVM, which is applied for 10-
switch converter, consists of six sectors and these sectors are subdivided into small parts having the
shapes of trapezoid and triangle. By using this SVM there will be an increase in ac grid THD, switching
configuration and NP voltage deviation.
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Figure 1. Diagrammatic Representation of Interlinking Converter for Bipolar Hybrid microgrid.
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Figure 2. Circuit diagram for ILC.
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Fig. 1 shows the bipolar hybrid microgrid with grid tied converter. Similarly, fig 2 represents the circuit
diagram of 10 switch interlinking converter. The voltage and frequency on ac bus is controlled by the
use of diesel generator, micro turbine or some other converters, that’s why here the ILC is linked to an
ac bus. The main purpose of this ILC is to control and stabilize the pole voltages of the DC bus and it is
used to inject active and reactive power to ac bus. The THD of ac current in the MG is affected by slight
variations in grid, which is produced by the low-order harmonics.

Bipolar DC Side

Ve

Figure 3. PWM control of ILC.
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To overwhelmed these minor distortions effect it consists of two different methods, 1 — feed-forwarding
grid voltage [21, 22]. 2 — by interfacing harmonic controller parallel with PI controller. To eliminate
lower-order harmonics like fifth and seventh the resonant controller (Gr) is tuned to the same frequency.
The basic PWM control of ILC is shown in fig. 3 is upgraded by these usual methods.
K;s
GT(S) - Sz + (6(1)n)2 (1)
Where, @, is the nominal angular frequency and K, is the gain.

3. SVM topology and its switching sequence

A Vg balancing ability is elaborated in this subdivision by the use of proposed SVM technique. The
main objective of this novel SVM method is to improve dc-link voltage and to decrease the output
current THD and common mode voltage. Similarly, this proposed SVM need not have any passive or
active elements. The SVM operates under both balanced and unbalanced conditions that lead to decrease
in extra converter expenses, volume and loss due to power.

3.1. Region determination

Initially, corresponding SVM for three level VSI, the V. is induced to measure its angle and amplitude.
Then, it is to be determined that were V .ris located and to identify the sector and region for this reference
voltage vector. Each sector region is similar to one another and it is validated in fig 4. The region and
the sector in which it is situated will be stipulated by the angle and amplitude of the V.

won  Sector I PRM
®

0.5

— i Urer

W W/ >
NNP  Sector’ V. BNP !

et 1

0.5 U,

(a) (b)

Figure 4. (a) SVM for 10 switch converter (b) Sector representation for normalized voltage vector

The Uk is attained to compute and locate the region of Vi for this 10-switch interlinking converter.
The vectors U; and Us obtain the resultant vector of Uy, which is shown in equation (2), (3) and table
2.

Uy = Urer (Cos@ - ﬂ) (2)
V3
Uy = 2Uper (%) 3)

To eliminate over modulation these calculations are used. The Ut angle and its amplitude are used to
change the region of respective sectors with the values U; and U, maximum of 1. The U amplitude
goes in the trapezoidal area, which contains two equal areas after passing region 1 area, which is shown
in fig 4. The trapezoidal region changes from 2 to 3 when the reference voltage vector attains 30° which

is equal to v3/2. The non-existence of medium voltage is reimburse with the split up trapezoidal regions
of 2 and 3.
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Table 2. Region identification based on Uvt

Case Angle (8) Region
U <05andU;<05 & NA
U;+U><0.5
U;>050rU;>05or 6 <300
U1+U2>0.5 8> 30°

3.2. Symmetrical switching sequence
This type of switching sequence is organized to minimize the THD, which is considered as the main

objective of this proposed method.
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Figure 5. Switching sequence of sector 1.
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The switching time (Ts) for the sector 1 with switching sequence is shown in Fig. 5. Since fig. 4 shows
identical sectors and regions, hence by having the reference of first sector, the vector selection and
switching sequence of this proposed SVM for all the six sectors eighteen regions are calculated. The
selected voltage vectors finalize the switching pattern. Fig. 6 shows the flowchart for the proposed SVM
method.

3.3. Voltage balancing with modified switching sequence

In bipolar microgrid, by injecting different and contradictory small voltage vector for 10-switch
converter the unbalanced DC-link pole voltage will be rectified. Fig 5 that shows the seven segment
switching sequence selects two forms of small vector voltages similarly under balanced condition.
Moreover, according to these conditions, it may have five or six segments of switching sequence. For
an unbalanced condition, the switching sequence is modified and its states are shown in fig. 7.

Vi V7 Ve V1 Ve V7 V1

ONN  PNN PPN POO PPN PNN ONN
Mo b T kL M
2 2 2 2 2 2

" Ts

Figure 7. Unbalanced switching Sequence in sector 1.

There will be slow reduction in dc-link pole voltage and escalation in another pole by extracting unequal
power from those poles. By using modest and forthright procedure, a coefficient k is determined to find
the unbalanced voltages [23]. The interlinking converter that is operated as both rectifier or inverter
mode has the value of K regarding the direction of power flow. The 10-switch converter acts as a rectifier
mode has the following equations (4) and (5).

Vact = Vacz = Vaalancing 4)
VBalancing > VTipple >K=1;
— Viipple < Vaatancing < Vripple = K = 0.5;

VBalancing < Vripple =>K=0; (5)

The dc-link pole voltage ripple is obtained by difference in two dc-link pole voltages and it is denoted
as Vipple. The coefficient K becomes 0.5 when the converter works under balanced condition with the
absolute value of Vpaancing is lesser than the Viippe. The coefficient K equals 1 when the converter works
under unbalanced condition with the absolute value of Viaiancing 1S larger than the Vippe. Hence, by using
equations (8) and (9), the coefficient K value can be determined.

4. Simulation Results:
The MATLAB simulated output of the 10 switch-interlinking converter with SVM method for BHM is
discussed in this section. The proposed SVM is used to eliminate the harmonics, which is shown, by
using FFT spectrum of grid converter output current and voltage. Similarly, controlled dc-link voltage
for balanced and unbalanced conditions is examined. Fig 8 shows the MATLAB simulated block
diagram for this BHM.
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Figure 8. Block Diagram of MATLAB Simulation.
By the use of Matlab Simulink 2014a the ILC with BHM is simulated and the results are discussed
below. The Simulink model of MG is simulated under balanced and unbalanced condition for the grid

side. Fig. 9 shows the simulated result of PV array and wind energy conversion system.
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Figure 9. Simulated output of solar PV and Wind energy system

The battery voltage of bipolar hybrid microgrid has a value of 230 V and utility grid that supplies a
voltage of 9 kW, which is shown in fig 10. The ac grid under unbalanced condition having a simulated
output voltage of 500 V and a current of 5 A which is shown in fig. 11.
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Figure 10. Simulated output of battery and ac utility grid.

The THD analysis for a proposed interlinking converter for an unbalanced condition as a FFT spectrum

ac output voltage and current is displayed in fig 12. The output voltage and current has a THD of 20.51%
and 12.71%.
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Figure 11. Simulated ac grid side output of Voltage and current for unbalanced condition.
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Figure 12. FFT Analysis for grid side output voltage and current for unbalanced condition.

The balanced output voltage and current waveform of grid-connected system is shown in fig. 13.
Similarly, fig. 14 shows the balanced condition of grid for this proposed system the THD analysis and
FFT spectrum of ac output voltage and current, and their THD are decreased to 12.97% and 4.73%.
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Figure 13. Simulated ac grid side output of Voltage and current for balanced condition.
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Figure 14. FFT Analysis for grid side output voltage and current for balanced condition.

5. Conclusion:

This paper proposes the working of MG with two-way power flow with the help of ac/dc bidirectional
converter and SVM technique. In this proposed SVM method, the grid obtains constant power flow by
the use of bidirectional converter under unbalanced condition. This will enrich the consistency of the
bidirectional ac/dc converter in weak MG. The efficiency of the MG with bidirectional converter is
simulated for balanced and unbalanced grid voltages under dissimilar control schemes. In addition, the
renewable energy sources like solar PV and wind energy system features are simulated and the results
were discussed. By this proposed SVM technique, the lower order harmonics in the ac grid side are
eliminated. The objective of this SVM comprises reduction of current THD in ac grid and increase in
Vaa consumption. Still, the proposed SVM technique is very tough and unites the pole Vg in severe
unbalance circumstances. The power quality issues and the elimination of lower order harmonics in
BHM with 10-switch converter evaluated by the use of proposed SVM is simulated with the help of
Matlab Simulink.
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