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ABSTRACT

In this paper a series power electronic converter is proposed to improve power quality of AC/DC hybrid
microgrids. An injection transformer which is series with AC microgrid is used beside the series converter to
inject voltage for the purpose of voltage disturbances compensation. The series converter by using a simple and
effective control system in stationary reference framework of d-g-0 is proposed to compensate voltage sag and
swell, source unbalanced voltages, voltage harmonics of the utility. In these types of micrigrids a lot of voltage
disturbances have occurred due to large number of converters. Moreover, it is not required to use a storage
energy system like battery; the required power is supplied by DC microgird, so the proposed system is very
efficient. Simulation results in the MATLAB/Simulink environment have verified the appropriate performance
of the proposed method.
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1 Introduction

Nowadays,  because of the
Nenvironmental issues and dangerous

effects which are caused by fossil fuel
power plants, distributed generation (DG) units
have been proposed in the low voltage systems.
Most of DG types are renewable energy [1].
Because of the increasingly need to DGs and
regard to DGs power
management, a new framework of active
network or Microgrid (MG) should be provided
to connect the DGs to the distribution systems.

main concerns

Operation of MG has two modes: grid-connected
mode and island mode. Because most of the
renewable energy resources generate DC power
[2-3], recently the operation of DC loads has
taken a new form; so need for DC microgrids is a
possible solution [4-5]. Moreover, because most
of the networks structures support AC power,
these types of MGs are becoming the main part
of the power systems [6-7]. A hybrid MG AC/DC
is defined recently and researches about its
optimal operation continue. Interface of two MG
are formed by two-side AC/DC converters which
are connected together [8]. Because of the AC to
DC or DC to AC and large number of converters,
it is required to implement control strategies in
these MGs to improve power quality [9].
According to IEEE 1900 Standard, power quality
is defined to improve supply and protection of
the equipment. One of the main parameters of
the system is the Voltage unbalance which has
adverse effect on the system. The unbalance
voltage increases the losses, reduces the stability,
and damages equipment such as motors, power
electronic converters and speed regulator drives
[10]. Compensation of voltage unbalance usually
is performed by active filter which inject
negative sequence voltage in series with
distribution line [11-12]. There are the other
methods to compensate voltage unbalance. For
example in  [13-14] unbalance voltage
compensation is performed by balanced line
currents. Because of the high amplitude of these
currents in loads, this method has been faced
with serious problems. One of the most
important methods for unbalance voltage
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compensation is Dynamic voltage recovery
(DRV) method. The main problem of this type of
D-FACTS devices is that they need to storage
elements like batteries, Super capacitors, diode
converter with a parallel capacitance and etc.
[15]. In some researches renewable energy
resources such as solar energy are used to supply
the required power [16]. For example in [17]
solar energy is used replace conventional energy
resources. In this paper a series converter is used
to connect AC Microgrid and DC microgrid and
compensate the voltage disturbances. The main
difference of proposed method and DVR is that
the proposed method does not need to power
generation resource for its power; because the
required power is supplied by the DC bus and a
voltage injection transformer which is in series
with network. Moreover, it is possible to clear
intensive faults which require to more active

power.
2 THE PROPOSED TOPOLOGY

The proposed topology is shown in figure 1.
In this figure the series power electronic
converter is placed between the AC and DC
microgrids so that the required power for the
voltage disturbance compensation is supplied by
the DC microgrid. Therefore, the advantage of
this method is that the large voltage drops which
requires high power could be compensate in a
suitable way. Moreover, an efficient controller is
designed to detect the voltage disturbances,
inject voltage and detect the final error. The
appropriate performance of the under study
series converter and its controller is indicated in
MATLAB/Simulink environment.
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Fig. 1.- The proposed AC/DC hybrid Microgrids.




3. CALCULATION

3.1 Calculation of the injected voltage of
series converter for voltage compensation
based on the power injection

Let us consider the thevenin equivalent
circuit of the network and series converter and
their single line diagram according to figures 2
and 3. Converter voltage is determined as:

)
And IL is obtained as:

1 7|:pL+jQL:|*
[ — VL

If the load voltage phase is equal to zero, the

)

equation () is written as:
©)

Where a, 3, and 0 are the angles of Vse, Zth,
and Vth, respectively and 0 is the load power
factor angle which is expressed as:
¢9=tan’1(QL/ P) (4)
The injected apparent power of series converter
is determined as:

See =V I/ ®)

If the angle between Vse and IL is kept
vertical, the injected active power for voltage
compensation will be zero and only the reactive
power will be injected by the series converter. It
should be mentioned that the series converter
performance without active power injection is
justifiable if the power shortage could be
compensated; otherwise, the active power
injection is inevitable. The active power injection
of series converter is provided by DC microgrid.
Hence reduction in injected voltage amplitude
by series converter leads to voltage correction
with minimum active power injection. In this
method voltage correction is so effective in
reduction in capacity and value of series
converter booster transformers [18].

Series
Inverter

DC
BUS

Fig. 2 Thevenin equivalent circuit of network and
series converter
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Fig. 3: Single line diagram of Thevenin equivalent
circuit of network and series converter

3.2 Series converter interface performance
without active power injection

As it has been mentioned previously, )
the angle between Vse and IL must be 90 to
compensate the voltage without active power
injection. Therefore, angle of Vse a is determined
as:

a =90 — @ 6)

And a is obtained as: 3)

a:tan*ll: Zy 1L SIN(B — 0) —Vy, Sins } (7)
VI +Zl LCOS(B-06) — Vi, COs &

Considering (6) and (7), we have:
(8) 4

5 cost V| +Zyp! [COS(B ~0)~Zy || tansin(f - 0) _1( Vi cos 0
o7 2 2 - Vin
J{Vm + (Vyp, cos 6) J
According to (8), the requirement for the (5)
answer for 0 is:

©)
Vi +Zgp! I_COS(/}—H)—ZthIL tansin(ﬁ’¢9)}<1

\/Vth2+ (Vy cos '9)2

By simplifying (9), answer condition for 0 is
determined as:

V, =W ,COSO+Z,1,COS B) (10)

The right side of (10) is depended on load
current, load voltage, and system impedance.
The calculated

Vth indicates the voltage correction without
active power injection.

3.3 Series converter interface performance
by minimum active power injection for
voltage injection

Given load current, power injection of series
converter is depended on the injected voltage
amplitude which can be obtained as:
VZ=V2V2+Z212+V Z,1,COS(B-0)-A,Z,1 COS
(B-6-06)-2 V,COSS5

Therefore for the minimum voltage injection
(or power injection) the following condition
must be provided:

6\/ 2DVR _
o5
So d is obtained as:

1mn

(12)



5_tan_l{ 24,1 S0~ 6) } (13)

V| +Zy 1 COS(B-0)
Given 0, voltage and power injection of series
converter is obtained.

4. CONTROL OF THE SERIES INVERTER

The main performance of the series converter
is to inject dynamic controlled voltage (Vinj) to
the voltage bus. This is done by injection
transformer. Instantaneous amplitude of injected
voltage in 3 phases is controlled so that the
destructive effect of bus error on the load voltage
(VL) will be avoided. It means that every voltage
difference caused by disturbances in the AC
microgrids is compensated by an equal voltage.
The performance of the series converter is not
depended on the error type and system events.
The series power electronic converter has to
operation modes. a) Standby: in this mode of
compensation (Vinj=0) low voltage winding
transformer of voltage converter is short circuit.
In this mode, no switching occurs in
semiconductor equipment, because
terminals are triggered so that the short circuit
path will be provided for the transformer
connection. Series power electronic converter
mostly is in this operation mode. b)
Compensation: in this mode (Vinj>0) the series
converter injects compensation voltage by
voltage injection transformer with detection of
disturbance in the power supply. Figure 4 shows

inverter

the circuit diagram block of the series
compensation control using synchronous
framework.

yyyyyyy

Fig. 4: Circuit block diagram of the series converter
control.

In this method, harmonics, sag and swell,
negative and zero sequences, and unbalanced in
voltage could be extracted. This method could be
used in sinusoidal, non-sinusoidal, symmetrical,
non-symmetrical waveforms. In the method of
synchronous reference framework theory, first
the system voltage A-B-C with synchronous
reference framework is converted to the d-q-0
coordinate system according to (14)

Vsqu :Taﬁgo V sabe (14)
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In typical methods undesirable parts of q and(13)

d voltages are eliminated using low-pass and
high-pass filters. Then compensation voltages
are obtained using synchronous framework
conversion. This method leads to phase shift and
changes in amplitudes of harmonics that are
passing from the filters. In this method low-pass
and high-pass filters are replaced by desirable
value of load phase voltage in d and q
coordinates. Load voltage must be completely
sinusoidal with fixed frequency and amplitude.

Desirable voltage and expected load are
determined as equations 15 and 16.
V m
VI;bc :Ta(;go '\/I;bc —[ 0 jl (15)
0
{ V ,cos (et +6) ] (16)
V iie =|V mcos (at +60—-120)
V., cos (at +6+120)

Where Vm is the desirable load peak value
and 0 is the voltage angle which is calculated by
PLL; this angle is obtained by subtracting the
phase voltage desirable value in d coordinate
axis V1d" from Vs all the disturbances in d axis.
Moreover the load phase voltage desirable value
in q axis is equal to zero. In other word, Vsd
indicates all the disturbances of the q axis. Hence
series compensation reference is calculated as:

4 LT:! =Vig Vi~ 17)

Then after the conversion to ABC the
calculated disturbance voltage is:

VABCl :VA*BC _Vinven (18)
This value is subtracted from the converter
voltage, then is compared with triangular

waveform by PI controller in Pulse width
modulation (PWM); finally required control
pulses g, —g,are generated to impose to the

series voltage converter switches. The modified

_ method is programmable with low cost. The
v other advantage is that the calculation time of

the control circuit is reduced, so the pulse time of
the control system will be faster.

5. SIMULATION RESULTS

A case study that is shown in figure 1 is
employed to verify the performance of the
proposed series converter in AC/DC hybrid
microgrids. The required parameters are shown
in table 1.

(14)



Table 1: Network Specification

Parameter Value
AC microgrid Voltage 380V
DC microgrid Voltage 500
Conversion ratio of the 1:1
injection transformer

Load active power 10 kw
Load reactive power 3 kvar
Network frequency 50Hz
Filter inductance 7MH
Filter inductance 50uF
Switching frequency 10 kHz

5.1 Simulation results of balanced voltage
sag in utility:

To evaluate the performance of the proposed
method, balanced voltage sag is imposed from
the network side. This sag is imposed in 0.2s to
0.3s with 0.5pu. figure 5-a shows the voltage at
PCC, figure 5-b shows the injected voltage of
series converter, and figure 5-c shows the
modified load voltage.

SR o
I

. 'c‘"b‘o""t”o'"o"u%’u"o‘o’c’oc |

F1g.5

Injected active and reactive power for drop
voltage compensation of three phase balanced
fault are shown in figures 6-a and 6-b.

- 85888

Fig. 6

5.2 Simulation result of voltage swell on
utility voltage

Figure 7-a shows the voltage at PCC, figure 7-
b shows the injected voltage of series converter,
and figure 7-c shows the modified load voltage.
This voltage swell is imposed in 0.2s to 0.3s.
Simulation results are shown in the figure.
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Figure 8-a and 8-b show the active and
injected power for
compensation.
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5.3 Simulation results of unbalanced on
utility voltage

Figure 9-a shows the voltage at PCC, figure 9-
b shows the injected voltage of series converter,
and figure 9-c shows the modified load voltage.
This unbalanced voltage occurred in angle of -45
and amplitude of 0.5pu and negative sequence.
Simulation results are shown in the figure.
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Fig. 9
Figure 10-a and 10-b show the active and

reactive injected power for compensation of
unbalanced on utility voltage
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5.4 Simulation results of 7th order harmonic
occurrence in network voltage

Figure 11-a shows the voltage at PCC, figure
11-b shows the injected voltage of series



converter, and figure 11-c shows the modified
load voltage. Simulation results are shown in the

figure.
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Figure 12-a and 12-b show the active and
reactive injected power for compensation of 7th
order harmonic occurrence in network voltage.
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5.5 Simulation results of three phases to
ground short circuit fault

Figure 13-a shows the voltage at PCC, figure
13-b shows the injected voltage of series
converter, and figure 13-c shows the modified

Fig. 12

load voltage in case of three phase short circuit
fault.
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Fig. 13

Figure 14-a and 14-b show the active and
reactive injected power for drop voltage
compensation in three phase fault case.

As figuras devem estar preferencialmente no
formato pdf ou, alternativamente, em ps ou eps.
Vocé pode incluir figuras em seu trabalho. Por
exemplo, veja a Figura 1.
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5.6 Simulation results of two phases to
, ground short circuit fault

Fig. 14

Figure 15-a shows the voltage at PCC, figure
15-b shows the injected voltage of series
converter, and figure 15-c shows the modified
load voltage in case of two phase short circuit
fault.
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Figure 16-a and 16-b show the active and
reactive injected power for drop voltage
Compensatlon in two phase balanced fault case.
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5.7 Simulation results of single phase to

ground short circuit fault

Figure 17-a shows the voltage at PCC, figure
17-b shows the injected voltage of series
converter, and figure 15-c shows the modified
load voltage in case of single phase short circuit
fault.
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Figure 18-a and 18-b show the active and
reactive injected power for drop voltage
compensation in single phase balanced fault
case.
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Fig. 18
6. CONCLUSION

In this paper, modeling and simulation of
AC/DC hybrid microgrids and series converter is
conducted and the role of this converter in
elimination of voltage sag and swell, balanced
short circuit faults, unbalanced source voltage
cases, and 7% order harmonic is evaluated.
According to the simulation results, the
following comments could be summarized:

1- The series converter has an accurate
performance against all the voltage faults.

2- The three phases to ground short circuit
fault has the maximum injected power; as the
number of phases that are short circuit to ground
is increased, the more
compensation is required.

3- Voltage swell and network harmonics
required the
compensation.

Therefore, to obtain the desired network
voltage that is the sinusoidal voltage with a unit
value, the proposed method has the appropriate

power for the

minimum power for the

performance against all the mentioned
disturbances.
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