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Abstract : This paper proposes a new confi guration of 84-pulse voltage source converter composed of 12-pulse 
VSC, in  conjunction with an asymmetric single phase 7-level converter with an injection transformer, this 
confi guration or this arrangement is designed where the reduction of voltages will be seen with the VSC 
output’s total harmonic distortion allowing it to be used in the especial applications or as the FACTS devices. 
The operational feasibility of proposed system was verifi ed by the computer simulations with MATLAB/
SIMULINK. And the proposed strategy allows saving in the number of employed switches.
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1. INTRODUCTION

The Static Synchronous Compensator (STATCOM) is one of the most useful FACTS devices, Since 
it can synthesize the reactive power from small storing elements [1].When it s operated with in the linear 
region, it is seen by the system as synchronous voltage source [2,3].By regulation of the StatCom’s output 
voltage magnitude when these are operated with in the linear region it seen by the system as synchronous 
voltage source. The StatCom’s output voltage magnitude is regulated then there will be an exchange 
between the device and the transmission system which may controlled and improves the power system 
profi le [4, 5, 6, 7].

The STATCOM shows more effective on the fundamental sine wave at the frequencies that are 
multiples of the fundamental one. During this process there should be a special care because it can prevent 
the entire system without entering any unwanted harmonic issues. The voltage source converters are 
basically classifi ed as three feasible strategies which is to assemble a VSC they are:
 1. The multi-pulse
 2. The multi-level
 3. The pulse width modulation (PWM)

The In the VSC’s output voltage should need some strong efforts, By this method or by this process 
the construction of the circuit and the usage of switches will be more and the task to perform will become 
very diffi cult, because of the use of more number of gating signals. So that we can’t able to get rid 
of the formation of large chain of capacitors .A strategy to build an 84-pulse equivalent output voltage 
waveform, which employs a 12-pulse along with an 8-level reinjection converter is presented in[10].
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However the cost will be extra to build an 84-pulse need 26 extra switch devices and 7 DC voltage sources. 
So, to overcome this diffi culty there is another method which is (MLVR)-Multilevel voltage reinjection 
H-bridge conversion which acts as the another remedy or option to generate the 84-pulse.The proposed 
strategy will constitutes the reduction of cost which was the main aspect to design the circuit. According 
to the current technology the voltage is generally be higher than the switches and diodes ratings in order 
with the high voltage applications [11].

2. 84-PULSE VSC TOPOLOGY

Several methods have been investigated to increase the number of  pulse’s in the multi-pulse converter’s 
output. The simplest method is by increasing number of 6-pulse converters and the transformers.4 six-
pulses converters results in 24-pulse, 8 six-pulse converter results in 48-pulses operation. The harmonic 
cancellation will be carried out by the arrangement of transformer secondary windings. The drawback 
of this method is large size and high cost due to the increased number of bridges and transformers. To 
overcome such diffi culty, an auxiliary circuit in the DC link side has been proposed for reinjection[12].
Such topology results through modifying the DC input on the conventional double bridge 12-pulses shunt 
converters through a multi-level auxilary circuit with an injection transformer[13].An asymmetric  7-level 
array for the auxiliary circuit is used as reinjection scheme is implemented in this paper,shows in Fig, 1.The 
conventional double bridge 12-pulse operation is placed by the connection of two identical three-phase 
bridges to three-phase transformers in parallel VSC confi guration. In each branch the 6-pulse converter 
must have 120° displacement between them. The upper switch conducts while the lower switch is open 
and vice versawhich is equal to 180°voltage source operation[14].The fi ring sequence of both converters 
should be considered as 30°.The transformers turns ratio’s are 1:1 and 1:√3 on YY and Y∆ transformers, 
DC pulses are injected through three-phase bridges neutral point,spreading  an efect of pulse is attained.
The auxiliary circuit is common for all the phases will reduces the number of extra components.

The complete confi guration of pulse multiplication is explained detailed in [9,10,12,15,16,21] in fi g.1 
explains about auxiliary seven-level inverter used as a reinjection circuit. The seven-level inverter output 
voltage is applied to feed the 12-pulse converter while these application a special care should be taken 
without injecting negative voltage into VY or V∆. The inclusion of the injection transformer between 
both arrays are noticed. So, therefore the voltages at the six-pulses converter inputs can be regulated and 
adjusted the injection voltage Ui by

 VY = VDC + Ui (1)
 V = VDC – Ui (2)
 The injection voltage is determined by the seven-level inverter switching pattern and the injection 

transformer turns ratio. By Using voltages  VY and V∆  as inputs to the six-pulse converters,VΥ And V∆ are 
the input voltages to the six-pulse converters load to the formation of cleaner VSC’s output. Fig .2 Exhibits 
the followed strategy to build  VΥU or V∆U as the interaction of the seven-level output and the corresponding 
six-pulse signals. Through the 1:1 ratio for the YY TRANSFORMER,1: 3 for the Y∆ TRANSFORMER, 
and adding their corresponding output signals, 84-pulse line-to-neutral VU emerges by adding these two 
output signals correspondingly. The spectrum is shown in fi g. 3b, illustrated on a linear scale, it was seen 
in fi g. 4 is displayed VU is a odd symmetric signal, therefore the Fourier’s even terms are zero. Thus,

  VU(t) = 2 11 UV sin((2 – 1) )
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Fig. 1. 84-pulse StatCom structure.

3. MODELLING OF VSC BASED STATCOM

Basic Operating Principles of STATCOM    

Fig. 2.  Basic Statcom Structure.
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The STATCOM is connected to the power system at a PCC (point of common coupling), through a 
step-up coupling transformer, in which there is a trouble with the voltage -quality. The PCC is known as 
the terminal for terminal voltage is which is UT. All required voltages and currents are measured and are 
fed into the controller to be compared with the commands. The controller then performs feedback control 
and outputs a set of switching signals (fi ring angle) to drive the main semiconductor switches of the 
power converter accordingly to either increase the voltage or to decrease it accordingly. A STATCOM is 
a controlled reactive-power source. It provides voltage support by generating or absorbing reactive power 
at the point of common coupling without the need of large external reactors or capacitor banks. 

3.1. Voltage Source Converters (VSC)

A voltage-source converter is a power electronic device, which can generate a sinusoidal voltage 
with any required magnitude, frequency and phase angle. Voltage source converters are widely used in 
adjustable-speed drives, but can also be used to mitigate voltage dips. The VSC is used to either completely 
replace the voltage or to inject the ‘missing voltage’. The ‘missing voltage’ is the difference between the 
nominal voltage and the actual. The converter is normally based on some kind of energy storage, which 
will supply the converter with a DC voltage. The solid-state electronics in the converter is then switched 
to get the desired output voltage. Normally the VSC is not only used for voltage dip mitigation, but also 
for other power quality issues, e.g. fl icker and harmonics. The voltage source-converter or inverter (VSC 
or VSI) is the building block of a STATCOM and other FACTS devices. A very simple inverter produces a 
square voltage waveform as it switches the direct voltage source on and off. The basic objective of a VSI 
is to produce a sinusoidal AC voltage with minimal harmonic distortion from a DC voltage. Three basic 
techniques are used for reducing harmonics in the converter output voltage. Harmonic neutralization using 
magnetic coupling (multi-pulse converter confi gurations. Harmonic reduction using multi-level converter 
confi gurations and the pulse-width modulation (PWM).

3.2. Multi-Pulse Converter Confi guration

Multi-pulse operation is achieved, by connecting identical three-phase bridges, to transformers which 
have outputs that are phase-displaced with respect to one another. Star and delta-connected windings have 
a relative 30o phase shift and a 6-pulse converter bridge connected to each transformer will give an overall 
12-pulse operation eliminating 5th and 7th harmonics. This principle can be extended to 24- and48-pulse 
operation summing at the primary windings the transformed outputs of several 6-pulse converters (4 for 
24-pulse and 8 for 48-pulse operation). The harmonic cancellation is carried out into the transformer 
secondary winding Multi-pulse staircase voltage waveform  

3.3. Multi-Level Inverter Confi guration

The multi-level inverters synthesize a staircase voltage wave, from several levels of DC voltage 
sources, obtained from capacitor voltage source. As the number of levels increases, the synthesized 
staircase wave approaches the sinusoidal wave resulting in reduced harmonic distortion.  a single-phase 
fi ve level voltage source inverter, this converter is more complex and requires the DC voltage source to 
be split or centre-tapped in order to provide a zero voltage reference. Five-level voltage source inverter 
The fundamental magnitude and the harmonic spectrum are controlled varying the switching angles, α. 
The fundamental voltage component can also be changed by keeping α constant and changing VDC. 
Alternative forms of multilevel converters is the chain circuit in which several converter bridges, each 
with its own source capacitor, are connected in series. 

3.4. Pulse Width Modulation (PWM)

In multi-pulse and multi-level converters, there is only one turn-on, turn-off per device per cycle. 
An- other approach is to have multiple pulses per half-cycle, and then vary the width of the pulses to vary 
the amplitude of the AC voltage. The pulse width modulation (PWM) technique is commonly employed 
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to generate high quality output waveforms by  relatively low power converter used in variable frequency 
AC motor drives and distribution applications . With this technique, the output of each converter pole is 
switched several times during a fundamental cycle between the positive and negative terminals of the DC 
PWM requires a considerable increase in the number switch operations (high switching frequency);thereby 
it generally increases the switching losses of the converter . However, the always increasing switching 
frequency of modern solid-state power switches could made possible the use of PWM in high power 
applications.

Fig. 4. Mixing seven-level, six-pulse signals, and transformer’s ratios to attain. VYU and V∆U.

Fig. 5(a). 84-pulse line-to-neutral output voltage and 5 (b) harmonic content minimize the total 
harmonic istortionTHD), which is defi ned by [9, 17].
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The minimization of THD yields the parameter a. In this paper such estimation has been made through 
MATLAB for a value n = 7200, with increments of a = 0.0001. With these parameters, the minimum THD 
becomes 2.358% with a = 0.5609, value employed in previous fi gures. According to the IEEE Std. 519, 
the distortion limits indicate that the allowed THD voltage is 10% in dedicated systems, 5%ingeneral 
systems, and 3% for special applications as hospitals and airports [17]. Table 1 presents the voltage’s 
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minimum THD generated by several multi-pulse confi gurations. Through our proposition, the resultant 
TH  allows its use even in applications with stringent quality requirements; it exhibits less dependence to 
variations in the transformer’s turn ratio a, which can have a variation until +/-12.5% to reach a maximum 
THD lower than 3%.

4. OPEN LOOP STATCOM STRUCTURE

The connection of the improved VSC to the system requires aspects to be considered. This section                
deals with such details within an open loop context.

4.1. Phase-Locked-Loop (PLL)

The connection of the improved VSC to the system requires aspects to be considered. This section 
deals with such details within an open loop context. 3.1 Phase-Locked-Loop (PLL) The Synchronizing 
Circuit is responsible for determining the system frequency and the phase-angle of the controlled AC 
bus fundamental positive sequence voltage [18]. The Phase Locked-Loop (PLL) utilizes the Stationary 
Reference Frame in order to reduce the computational cost, and helps to improve the system’s dynamic 
performance [19]. The digital PLL is an algorithm able to detect the phase of the fundamental voltage, 
through the synchronization of the output signal to the frequency and phase of the input one, without 
requiring a zero crossing subroutine at the input voltage, or to generate an internal reference signal for the 
input current [20]. The proposed strategy employs a

Fig. 3. Optimized PLL scheme.

4.2. Six-Pulse Generator

The second block is the six-pulse generator, responsible for generating the pulse sequence to fi re the 
three-phase IGBT array. It consists of an array of six-pulse spaced 60° each other. The IGBT will operate 
at full 180° for the on period and180° for the off period. Any disturbance on the frequency will be captured 
by the synchronizing block, preventing malfunctioning. The falling border in the synchronizing block 
output signal is added to a series of six 60° spaced signals. The modulus operator with the 2π argument 
gives the needed on sequence that will be sent to the gate opto-coupler block, which will feed each six-
pulse converter. The off sequence turns out on a similar way but waiting 180° to keep the same on and off 
duration in each IGBT.

4.3. Seven-Level Pulse Generator

To operate the seven-level inverter, six times the frequency of the six-pulse generator must be ensured. 
This is achieved by monitoring the falling border in the novel PLL output signal, using it along with the 
modulus operator with the π/3 argument. This signal will be the period for the seven-level generator which 
will change its state each π /42 rad.
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5. VSC ASSEMBLING

The 84-pulse VSC along with the PLL to synchronize it to the grid has been assembled in a low 
power lab prototype. The following fi gures exhibit some results. Fig. 7 illustrates the 84pulse output, 
while Fig. 8 depicts its corresponding harmonic content. It is important to observe that the scale provided 
by oscilloscope is on decibels and is very close to Fig. 4. Fundamental frequency is 60 Hz and the main 
harmonics are about each 5 kHz, 

6. SIMULATION RESULTS

The test system results are the following :

Fig. 6. Source current waveforms before applying 84-pulse STATCOM.

Fig. 7. Test system control strategy generated 84- pulse wave form.

Fig. 8.  DC voltage waveform of the 84-pulse STATCOM.
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Fig. 9. Source current waveforms after applying 84-pulse STATCOM.

5. CONCLUSION

This paper prposes about xplains about the performance of statcom based on 84 pulse voltage source 
converter confi guration using multilevel converters reinjection concept which is to attain an 84 pulse vsc 
with the low THD, which will be assumed by the combination of one-twelve pluse converter and a seven-
level converter.The design performance will allows to verify the harmonic content of the resultant voltgae 
signal.The assumed low THD, allows the system to be used in the basement of FACTS devices or as in 
the especial applications.The three-phase PLL is used to synchronoize the fi ring signals in all switches.
Because of the H-brigde multilevel concept the size of the construction is reduced with out adding more 
number of switches.
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