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Abstract:

In this project a nine level diode clamped asymmetric
dual converter is proposed based on STATCOM with DC
link voltage control, supplying/absorbing reactive pow-
er to/from the grid. Reduced component count, simpler
layout for switches, and smaller dc-link capacitor values
are the attractive features of the proposed topology, the
diode clamped and cascaded multilevel converters. This
paper suggests further improvements in this topology.
The proposed nine level diode clamped asymmetric dual
converter mainly used to decrease the total harmonic dis-
tortion of a proposed system. Suitable selection of the dc-
link voltage values reduces distortion in the current fed
to the grid. In addition, circuit topology is modified to
avoid the split-capacitor dc links. This reduces the num-
ber of independent dc capacitor voltages to be controlled
and eliminates the flow of third-harmonic current through
the transformer. In order to improve the performance, a
phase-shifted carrier-based pulse width modulation tech-
nique is used. The Proposed conversion system can be
analyzing and implementing by using MATLAB/SIMU-
LINK software.

Index Terms:

DC voltage regulation, harmonic suppression, multilevel
operation, pulse width modulation (PWM), static com-
pensator (STATCOM).

1. Introduction:

The static synchronous compensator (STATCOM) is
a flexible ac transmission system device, which is con-
nected as a shunt to the power system, for generating or
absorbing reactive power. A STATCOM works in the ca-
pacitive mode if it injects reactive power to the power
system.
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A multi pulse converter uses more than one voltage source
converter (VSC), with common dc link, operating with
nearly fundamental switching frequency, and the output
of each module is connected in series through the multi
pulse transformer. By adjusting the triggering pulses of
different VSCs, specified total harmonic distortion (THD)
of the injected current is achieved with reduced switching
losses as compared to that of single-VSC-based solution.
The major drawback of this scheme is that high cost and
complex structure of the bulky multi pulse transformer.
Multilevel converter technology is a very efficient alter-
native for medium-voltage and high-power applications
and also for other applications where high quality volt-
ages and currents are required.Multi-level diode clamped
voltage fed inverters are recently becoming very popu-
lar for multi-megawatt power applications with available
switching devices. The topologies of multilevel convert-
ers and application. The main advantage of such an in-
verter topology is voltage division, i.e., the output voltage
is produced through small steps of voltage and the indi-
vidual switches are submitted only to these small voltage
steps.The other commonly used multilevel topology, i.e.,
cascaded converter topology, comprises several single-
phase H-bridge/full-bridge converters, with separate dc
links. The following are the two associated problems of
this topology:

1) The size of the dc-link capacitor required is high be-
cause the instantaneous power involved with each module
varies at twice the fundamental frequency,

2) Regulating voltage across a large number of self-
supported dc-link capacitors makes the controller design
complex

To address some of the aforementioned limitations in mul-
tilevel converters, a four-level open-ended-transformer-
based multilevel converter, shown in Fig. 1, is proposed.
This topology uses a reduced number of components (12
controlled switches with anti parallel diodes) as
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compared to the diode clamped topology (18 controlled

switches with anti parallel diodes plus 18 diodes). More-
over, in this case, semiconductor switches are arranged as
VSC, which enables easier structural layout and reduced
driver circuit complexity. Therefore, standard VSC power
modules [include six insulated-gate bipolar transistors
(IGBTs) and their driver circuits in one package] can be
used instead of discrete components. Moreover, this to-
pology utilizes cascade connection of three-phase VSCs,
and hence, the size of the dc-link capacitor is less as com-
pared to that in cascaded H-bridge multilevel converter.
The reduced number of dc links makes voltage regula-
tion easier as compared to that in an equivalent cascaded
converter. Comparison of diode clamped converter, cas-
caded converter, and open ended transformer topologies
for various parameters.
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Figl:  Open-ended-transformer-based  four-level
STATCOM

Fig2: Conventional Asymmetric-twin-converter-to-
pology-based STATCOM

I1. Proposed multilevel circuit topology:

The proposed asymmetric-twin-converter-based multi-
level topology, comprising two VSCs, is shown in Fig.3
&4. Low voltage (LV) windings of the transformer are
connected differentially between two 2-level VSCs such
that the voltage appearing on the LV side is the difference
of the output voltages of two VSCs. High-voltage (HV)
windings, arranged in a star configuration, are connected
to the three-phase grid. Leakage inductances of the trans-
formers act as input filter inductances of the STATCOM.
Both VSCs operate with separate dc links to produce two-
level individual output. Voltages appearing on the LV
windings of the transformer are written in terms of output
voltages of VSCs as
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ea=ealgl —ea2g2 +eglg2
eb=eblgl —eb2g2 + eglg2
ec=eclgl —ec2g2 +eglg2 (1)
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Fig3: Block diagram of a nine level diode clamped
Asymmetric-twin-converter-topology-base

STATCOM.

r= +

Fig 4: Proposed conversion VSC-1 and VSC-2 circuit
diagram
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where ea, ealgl, ea2g2, and eglg?2 are the voltages across
the LV winding of phase-a, the pole voltage of VSC-1, the
pole voltage of VSC-2, and the voltage difference between
negative dc-link terminals of the two VSCs, respectively.
Since both VSCs have separate dc links, the sum of the
LV winding phase currents should be zero.
ia+ib+ic=0. 2)

Furthermore, the sum of instantaneous values of grid volt-
ages is equal to zero

vA+vB+vC=0. 3)

The sum of the LV winding voltages is given by

ea + eb + ec = NLV/NHV(VA + vB + vC) — r(ia + ib +
ic)~L d(ia + ib + ic)/dt @)

Where r and L are the resistance and leakage inductance
as measured from the LV side, respectively, and NLV/
NHYV is the turns ratio. Substituting (2) and (3) into (4)
gives

eateb+ec=0. (5)
Substituting LV voltages from (1) in (5) results in

eglg2 =—1/3(ealgl —ea2g2)— 1/3(eblgl — eb2g2)
— 1/3(eclgl —ec2g2) (6)

Substituting the value of eglg2 in (1) yields
. -1 -1 €algl — €a2g2
’ -1 -1 2 Eclgl — €c2g2
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III. DEVELOPMENT OF THE CONTROL-
LER:

The proposed nine level diode clamped asymmetric twin-
converter-based STATCOM has two dc-link voltages vdc1
and vdc2. The controller should regulate these two dc-
link voltages and govern the total reactive power flowing
to/from the STATCOM. The total active power required
to overcome losses and regulate dc-link voltages is drawn
by STATCOM from the grid. This active power needs to
be redistributed among the two dc links. The distribution
should ensure that the two dc-link voltages vdc1 and vdc2
are maintained equal to their corresponding reference val-
ues. The suitable controller to achieve these objectives is
discussed in this section.

A. Current Control:

The overall system is represented by two coupled differ-
ential equations, as depicted from

(T )00,

The above equation is the system variables in the dq0
frame are expressed.To decouple them, two variables x1
and x2 are defined such that

—edl +ed2 =L/wb(x] —wiq) —|V| (9)
—eql + eq2 = L/ob(x2 + wid). (10)

By combining (8) with (9) and (10), the decoupled system
equations are obtained as follows
By combining (8) with (9) and (10), the decoupled system
equations are obtained as follows

(1)-CF =2)@)+2(2)
iq 0 —Dn ig L \x2 a1
Applying small-signal analysis on the decoupled system

of (4), the small-signal plant transfer function is derived
as

Aig " .’:'.i',; = 1
Ar - Az, - § 4 Fub
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Fig5: Controller for STATCOM.

Control variables x1 and x2 govern the system currents
id and iq, respectively, as per the differential equation (4).
Therefore, current control is achieved by controlling vari-
ables x1 and x2 using the errors between reference values
and actual currents, as given by

I = k;}l(,‘e.l'_n'f ol ';:f) + 'Iffl “I:f_l't'f o Etf.} dt
(6) "

Iz = prE{iq_n'f = iq) + kiz “a,l_n'f e jq}df

(M

The inner current controller generates the modulating
waveforms of LV voltages (mdlvdcl — md2vdc2) and
(mqglvdcl —mgq2vdc2). However, modulating waveforms
for individual VSCs md1, md2, mql, and mq2 have to be
derived from these LV voltages. This distribution is used
to regulate real power exchange between the two VSCs.
Furthermore, the current controller requires the reference
current signals id_ref and iq_ref as inputs. The phase-
locked loop is synchronized with the grid voltage such
that q component of the grid voltage is kept equal to zero.
Therefore, the total active and reactive powers absorbed
or supplied by the STATCOM are proportional to id_ref
and iq_ref , respectively. The outer cascaded controller
generates the reference current signals id_ref and iq_ref
such that the system variables (total reactive power and
two dc-link voltages) are maintained at their respective
reference values.

B. Reactive Power Control:

STATCOMs are commonly used either for transmission
line voltage support or for reactive power compensation
of load. For voltage support of the transmission line, the
reactive current reference iq_ref is controlled by the de-
viation of the transmission-line voltage from its nominal
value. On the other hand, for load compensation opera-
tion, the reactive current reference iq_ref is controlled by

January 2016

www.ijmetmr.com

Page 271



ISSN No: 2348-4845
International Journal & Magazine of Engineering,

Technology, Management and Research

A Peer Reviewed Open Access International Journal

the deviation of source power factor from its required
value. In both the aforementioned cases, iq_ref will be
supplied to the current controller by a higher level con-
troller.

C. DC Voltage Control:

A dc voltage controller should ensure that the two dc-link
voltages vdcl and vdc2 are regulated at their reference
values. This problem is divided into two separate con-
trol objectives: first, to maintain the sum of two dc-link
voltages (vdcl + vdc2) that is equal to the sum of their
reference values (vdcl—ref + vdc2-ref ) and, second, to
maintain the difference of the two dclink voltages (vdcl
— vdc2) that is equal to the difference of their reference
values (vdcl—ref — vdc2—ref ).The sum of the dc volt-
ages (vdcl + vdc2) increases with the net real power flow
from grid to STATCOM and vice versa. In other words,
the error in the sum of dc-link voltages (vdcl + vdc2 —
vdcl-ref — vdc2—ref) indicates the amount of real power
to be absorbed from the grid. Hence, the d-axis reference
current id_ref is controlled by the error existing between
reference and actual dc-link voltages of VSCs, as shown
in Fig. 5.

Pulse width modulation Technique:

The pulse width modulation (PWM) concept is borrowed
from communication systems, wherever an indication is
modulated before its transmission, and so demodulated at
the receiving terminal to recover the initial signal. Con-
stant idea may be applied to an influence convertor. In
an exceedingly power convertor, the switch network has
associate on/off nonlinear nature. The desired continuous
wave form is modulated and reborn to digitized signals
to management the switch network. The performance of
a modulation scheme can be evaluated based on the fol-
lowing five aspects: (1) distortion of the output voltage
or current; (2) power losses; (3) harmonic spectrum and
EMI; (4) dynamic range; and (5) complexity. It is always
desirable to minimize the distortion of the output volt-
age or current. It may change with the modulation index
in a nonlinear curve. The power losses are related to the
total number of switching actions in one switching cycle,
and the current level at switching. Therefore, different
modulation schemes may result in different efficiencies.
A PWM scheme with minimized switching losses is de-
sirable especially for high power applications. Harmonic
spectrum of the output voltage or current is related to the
EMI issue and acoustic noise.

Volume No: 3 (2016), Issue No: 1 (January)

It is desirable to minimize the EMI and acoustic noise.
Dynamic range refers to the maximum possible control
level in steady state or during transient. It can also be in-
terpreted as the ratio between the maximum possible out-
put and the input. It is desirable to have a higher ratio. It
means a better DC link voltage utilization, which is cru-
cial for high voltage applications. It is preferable to have
a PWM scheme that can be implemented easily, by either
an analog means or digital means.

L]
- g i-rad
- g

R gr el
Fig.6: Comparison of modulating and carrier wave-
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Fig 7: PWM waveforms
I'V. Simulation Results:

This section details about the analyzing and implementa-
tion of a proposed conversion system features by using
MATLAB/Simulink software. The below figure shows the
simulation circuit diagram of a nine level diode clamped
asymmetric dual converter based STATCOM and the re-

spective waveforms are followed.

) _—
g i W L

Fig8: Simulation circuit diagram of a proposed con-
version system
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Fig9 : Waveform of source voltage and current
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Figl12: VSC-2 voltage waveform

V. CONCLUSION:

A high-power STATCOM based on two 9-level VSCs is
reported. Which is used mainly to decrease the total har-
monic distortion rate and also for power quality improve-
ment. In the proposed topology, only two dc voltages have
to be controlled and also in this paper, an effort has been
made to improve the performance of open-ended trans-
former topology presented. Furthermore, the ratio of the
dc-link voltages of the two VSCs is selected such that low
distortion in current is achieved. A dc-link voltage con-
troller has been proposed to regulate the dc-link voltages
of the two converters by drawing requisite amount of real
power from the utility and by differentially distributing
them between the two converters. The proposed system is
simulated by using MATLAB/SIMULINK software.
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