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Abstract: The outline of a multilevel D-STATCOM inverter for small to medium size (10– 20 

kW) changeless magnet wind or solar oriented establishments. The proposed inverter can 

effectively direct the reactive power on singular feeder lines at a programmable yield while 

giving the variable yield energy of the renewable energy source. The point is to give utilities 

distributive control of VAR compensation and power factor redress on feeder lines. The 

composed inverter uses a 5-level hybrid clamped multilevel voltage-source converter topology 

and utilizations the streamlined consonant ventured waveform method for symphonious end. The 

topology considers the separation of dynamic and reactive power control and the capacity to 

work under any heap conditions. The point of the paper is to outline another kind of inverter with 

FACTS capacities to furnish utilities with more information about the conveyance systems, 

particularly on end points. MMC has a measured plan in view of indistinguishable converter 

cells which settle on it an appropriate decision for abnormal state applications. 

Keywords: Multi level inverter, Power quality improvement, D-STATCOM, H-Bridge inverter, 

wind energy source.  

1. Introduction  

As of late renewable energy source control 

provided into the utility network has been 

given careful consideration because of 

increment in petroleum derivative costs, 

ecological contamination and vitality request 

blast. Among different renewable energy 

source assets, for example, solar oriented, 

wind, tidal, geothermal, biomass and so 

forth, the solar based photovoltaic system 

being more alluring and promising green 

asset due to its bottomless accessibility, safe 

asset, and cost free and eco-accommodating. 

The solar powered photovoltaic (PV) 

modules straightforwardly changes over the 

light vitality into the electrical vitality, 

however vitality got from the PV module 

acts as low voltage DC source and has 

generally low transformation productivity. 

Customary inverter topologies, for example, 
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voltage source inverter (VSI) and the current 

source inverter (CSI) are being used to 

change over solar oriented power created 

electrical power into the utility lattice. While 

these topologies require additional DC/DC 

converter arrange bringing about a two 

phase control change and furthermore 

require interfacing transformer to infuse 

control into the network. These topologies 

increment the circuit many-sided quality as 

well as increment the cost and space 

necessities. The single phase solar oriented 

power exchange will fulfill all the control 

destinations like maximum power point 

tracking (MPPT), synchronization with 

system voltage, and lower symphonious 

substance in the yield current. At display 

situations a few answers for a network 

associated PV system with traditional two-

level and multilevel inverter has been 

accounted for in the writing. If there should 

arise an occurrence of two-level inverter, it 

inject greatest PV control into the network 

with a solidarity control factor, however the 

system neglects to be free from higher 

request harmonics, high voltage worry over 

the semiconductor control switch and high 

power misfortunes because of high 

exchanging recurrence. Fell H-Bridge 

multilevel Inverter: The fell H-connect 

multilevel Inverter utilizes isolate dc sources 

(SDCSs). The multilevel inverter utilizing 

fell inverter with SDCSs blends a coveted 

voltage from a few free wellsprings of dc 

voltages, which might be gotten from 

battery, energy units, or solar light based 

cells. This setup as of late turns out to be 

exceptionally prevalent in ac power supply 

and flexible speed drive applications. This 

new inverter can dodge additional brace 

diodes or voltage adjusting capacitors. Once 

more, the fell multilevel inverters are 

grouped depending the sort of DC sources 

utilized all through the information. A 

solitary phase structure of a m-level fell 

inverter is Each separate dc source (SDCS) 

is associated with a single-phase full-

extension, or H-connect, inverter. Every 

inverter level can produce three diverse 

voltage yields, +Vdc, 0,and – Vdcby 

associating the dc source to the ac yield by 

different blends of the four switches, S1, S2, 

S3, and S4.To get +Vdc, switches S1and 

S4are turned on, though VDc can be gotten 

by turning on switches S2 and S3. By 

turning on S1and S2or S3 and S4, the yield 

voltage is 0. The ac yields of each of the 

diverse full-connect inverter levels are 
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associated in arrangement with the end goal 

that the incorporated voltage waveform is 

the whole of the inverter yields. 

 

Fig 1.1: Single phase structures of Cascaded 

inverter (a) 3- level, (b) 5-level, (c) 7-level 

Modular Multi-level Converter (MMC) 

The typical structure of a MMC is shown in 

Fig. 1.6, and the configuration of a Sub-

Module (SM) is given in Fig. 1.7. Each SM 

is a simple chopper cell composed of two 

IGBT switches (T1 and T2), two anti-

parallel diodes (D1 and D2) and a capacitor 

C. Each phase leg of the converter has two 

arms, each one constituted by a number N of 

SMs. In each arm there is also a small 

inductor to compensate for the voltage 

difference between upper and lower arms 

produced when a SM is switched in or out. 

 

Figure 1.2 - Schematic of a three-phase 

Modular Multi-level Converter  

With reference to the SM appeared in Fig. 

1.6, the yield voltage UO is given by, UO = 

UC if T1 is ON and T2 is OFF UO = 0 if T1 

is OFF and T2 is ON where UC is the quick 

capacitor voltage. The arrangement with T1 

and T2 both ON ought not to be considered 

on the grounds that it decides a short out 

over the capacitor. Additionally the 

arrangement with T1 and T2 both OFF is not 

valuable as it produces distinctive yield 

voltages relying upon the present heading. 

Fig. 1.8 demonstrates the present streams in 

both helpful states. In a MMC the quantity 

of ventures of the yield voltage is identified 

with the quantity of arrangement associated 

SMs. Keeping in mind the end goal to 

demonstrate how the voltage levels are 

produced, in the accompanying, reference is 

made to the basic three level MMC design 

appeared in Fig. 
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Figure 1.3– Chopper cell of a Sub-Module 

 

Figure 1.4- States of SM and current paths 

 

Figure 1.5 - Schematic of one phase of 

Three-Level Converter  

For this situation, keeping in mind the end 

goal to get the positive yield, +UD/2, the 

two upper SMs 1 and 2 are skirted. In like 

manner, for the negative yield, - UD/2, the 

two lower SMs 3 and 4 are avoided. The 

zero state can be gotten through two 

conceivable switch designs. The first is the 

point at which the two SMs amidst a leg (2 

and 3) are skirted, and the second one is the 

point at which the ends SMs of a leg (1 and 

4) are circumvent. It must be noticed that the 

present courses through the SMs that are not 

by passed deciding the charging or releasing 

of the capacitors relying upon the present 

bearing. In this way, with a specific end goal 

to keep the capacitor voltages adjusted, both 

zero states must be utilized on the other 

hand. The voltage waveform produced by 

the three level converters is appeared in Fig. 

1.6. 

 

Figure 1.6 - Voltage waveform of a Three-

Level Converter  
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The principle of operation can be extended 

to any multi-level configuration as the one 

represented in Fig. 1.7. 

 

Figure 1.7 - Schematic of one phase of 

Multi-Level Converter  

In this kind of inverter, the main expresses 

that have no excess arrangements are the 

two expresses that create the most extreme 

positive and negative voltages, + UD/2 and 

– UD/2. For producing alternate levels, all in 

all there are a few conceivable exchanging 

designs that can be chosen with a specific 

end goal to keep the capacitor voltages 

adjusted. In MMC of Fig. 1.10, the 

exchanging grouping is controlled so that at 

every moment just N SMs (i.e. half of the 

2N SMs of a phase leg) are in the on-state. 

For instance, if at a given moment in the 

upper arm SMs from 2 to N are in the on-

state, in the lower arm just a single SM will 

be in on-state. A run of the mill voltage 

waveform of a multi-level converter is 

appeared in Fig. 1.8. 

 

Figure 1.8 - Voltage waveform of a Multi-

Level Converter   

Wind Turbines Wind turbines transform 

wind energy into electricity. The wind is a 

highly variable source, which cannot be 

stored, thus, it must be handled according to 

this characteristic. A general scheme of a 

wind turbine is shown in Fig. 1.9, where its 

main components are presented. 

 

Fig. 1.9 Schematic operation diagram of a 

wind turbine  

The standard of operation of a breeze 

turbine is portrayed by two change steps. To 

start with the rotor separate the dynamic 
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vitality of the breeze, transforming it into 

mechanical torque in the pole; and in the 

second step the era system changes over this 

torque into power. In the most widely 

recognized system, the generator system 

gives an AC yield voltage that is reliant on 

the breeze speed. As wind speed is variable, 

the voltage created must be exchanged to 

DC and back again to AC with the guide of 

inverters. In any case, settled speed wind 

turbines are straightforwardly associated 

with matrix.  

2. Facts Controllers  

The fast improvement of energy devices, 

Flexible AC Transmission Systems 

(FACTS) devices have been proposed and 

executed in control systems. Realities 

devices can be used to control stream and 

upgrade system security. Especially with the 

deregulation of the power showcase, there is 

an expanding enthusiasm for utilizing 

FACTS devices in the operation and control 

of energy systems with new stacking and 

power stream conditions. A superior use of 

the current power systems to expand their 

abilities and controllability by introducing 

FACTS devices ends up noticeably basic. 

Types of Facts Controllers: 

In general, FACTS Controllers can be 

divided into four categories: 

1. Series controllers 

2. Shunt controllers 

3. Combined series-series controllers 

4. Combined series-shunt controllers 

Distribution Static Compensator (D-

STATCOM):  

A D-STATCOM (Distribution Static 

Compensator), which is schematically 

portrayed in Figure, comprises of a two-

level Voltage Source Converter (VSC), a dc 

vitality stockpiling device, a coupling 

transformer associated in shunt to the 

conveyance organize through a coupling 

transformer. The VSC changes over the dc 

voltage over the capacity device into an 

arrangement of three-phase ac yield 

voltages. These voltages are in phase and 

combined with the ac system through the 

reactance of the coupling transformer. 

Reasonable change of the phase and 

greatness of the D-STATCOM yield 

voltages permits successful control of 

dynamic and reactive power trades between 

the D-STATCOM and the ac system. Such 

setup enables the device to retain or produce 

controllable dynamic and receptive power. 

The VSC associated in shunt with the ac 
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system gives a multifunctional topology 

which can be utilized for up to three very 

unmistakable purposes:  

1. Voltage regulation and compensation of 

reactive power;  

2. Correction of power factor; and  

3. Elimination of current harmonics. Here, 

such device is utilized to give persistent 

voltage direction utilizing a by implication 

controlled converter. 

 

Figure 2.1 Block diagram of D-STATCOM  

The shunt infused current Ish rectifies the 

voltage droop by altering the voltage drop 

over the system impedance Zth. The 

estimation of Ish can be controlled by 

altering the yield voltage of the converter. It 

might be said that the adequacy of the 

DSTATCOM in remedying voltage list 

relies upon the estimation of Zth or fault 

level of the heap transport. At the point 

when the shunt infused current Ish is kept in 

quadrature with V L, the coveted voltage 

remedy can be accomplished without 

infusing any dynamic power into the system. 

Then again, when the estimation of Ish is 

limited, a similar voltage redress can be 

accomplished with least evident power 

infusion into the system.  

Mathematical Modeling of DSTATCOM: 

DSTATCOM is a shunt device which hast 

the capacity to infuse or retain both dynamic 

and receptive current. The reactive power 

yield of a D-STATCOM is corresponding to 

the system voltage as opposed to the square 

of the system voltage, as in a capacitor. This 

makes DSTATCOM more appropriate as 

opposed to utilizing capacitors. Despite the 

fact that putting away vitality is an issue for 

long haul premise, considering genuine 

power compensation for voltage control is 

not a perfect case. So the vast majority of 

the operations considered are enduring detail 

just and the power trade in such a condition 

is receptive. To acknowledge such a model, 

one might say that a DSTATCOM 

comprises of a little DC capacitor and a 

voltage source converter  

Essential Configuration and Operation of 

DSTATCOM: The D-STATCOM is a 

three-phase and shunt associated control 

hardware based device. It is associated close 

to the heap at the dispersion systems. The 

significant segments of a D-STATCOM are 
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appeared. It comprises of a dc capacitor, 

three-phase inverter (IGBT, thyristor) 

module, ac filter, coupling transformer and a 

control system .The essential electronic 

piece of the D-STATCOM is the voltage-

sourced inverter that changes over an 

information dc voltage into a three-phase 

yield voltage at key recurrence. 

 

Fig 2.2 Basic Building Blocks of the D-

STATCOM  

The D-STACOM utilizes an inverter to 

change over the DC connect voltage Vdc on 

the capacitor to a voltage wellspring of 

customizable size and phase. Along these 

lines the DSTATCOM can be dealt with as a 

voltage-controlled source. The DSTATCOM 

can likewise be viewed as a current-

controlled source. Figure demonstrates the 

inductance L and resistance R which speak 

to the proportionate circuit components of 

the progression down transformer and the 

inverter will is the principle segment of the 

D-STATCOM. The voltage Vi is the 

successful yield voltage of the D-

STATCOM and δ is the power point. The 

receptive power yield of the D-STATCOM 

inductive or capacitive depending can be 

either on the operation method of the D-

STATCOM. Alluding .the controller of the 

D STATCOM is utilized to work the 

inverter such that the phase edge between 

the inverter voltage and the line voltage is 

progressively balanced so the D-STATCOM 

produces or ingests the coveted VAR at the 

purpose of association. The period of the 

yield voltage of the thyristor based inverter, 

Vi, is controlled similarly as the 

dissemination system voltage, Vs. the three 

fundamental operation methods of the 

DSTATCOM yield current, I, which 

changes relying on Vi. In the event that Vi is 

equivalent to Vs, the receptive power is zero 

and the D-STATCOM does not create or 

retain reactive power. At the point when Vi 

is more noteworthy than Vs, the 

DSTATCOM demonstrates an inductive 

reactance associated at its terminal. The 

present, I, courses through the transformer 

reactance from the D-STATCOM to the ac 

system, and the device produces capacitive 

receptive power. On the off chance that Vs 

is more noteworthy than Vi, the D-
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STATCOM demonstrates the system as a 

capacitive reactance. At that point the 

present streams from the ac system to the D-

STATCOM, bringing about the device 

engrossing inductive reactive power. 

 

No-load mode (Vs = Vi) And phasor 

diagram 

 

Capacitive mode (Vi >Vs) And phasor 

diagram Inductive mode (Vi <Vs) And 

phasor diagram 

Operation modes of D-STATCOM: 

Above figure shows the three basic 

operation modes of the DSTATCOM output 

current, I, which varies depending upon Vi. 

If Vi is equal to Vs, the reactive power is 

zero and the D-STATCOM does not 

generate or absorb reactive power. When Vi 

is greater than Vs, the DSTATCOM shows 

an inductive reactance connected at its 

terminal.  

 

The current I, moves through the 

transformer reactance from the D-

STATCOM to the ac system, and the device 

produces capacitive reactive power. In the 

event that Vs is more noteworthy than Vi, 

the D-STATCOM demonstrates the system 

as a capacitive reactance. At that point the 

present streams from the ac system to the D-

STATCOM, bringing about the device 

engrossing inductive receptive power.  

Voltage Source Converters (VSC):  

A voltage-source converter is a power 

electronic device, which can produce a 

sinusoidal voltage with any required size, 

recurrence and phase point. Voltage source 

converters are generally utilized as a part of 

movable speed drives, yet can likewise be 

utilized to moderate voltage plunges. The 

VSC is utilized to either totally supplant the 
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voltage or to infuse the 'missing voltage'. 

The 'missing voltage' is the distinction 

between the ostensible voltage and the 

genuine. The converter is ordinarily in light 

or something to that affect of vitality 

stockpiling, which will supply the converter 

with a DC voltage. The strong state 

hardware in the converter is then changed to 

get the coveted yield voltage. Regularly the 

VSC is utilized for voltage plunge 

alleviation, as well as for other power 

quality issues, e.g. glimmer and music. 

Furthermore, the ac current waveforms can 

be kept up as practically sinusoidal, which 

decreases consonant tainting to the mains 

supply. This PWM design is a periodical 

waveform whose basic is a voltage with a 

similar recurrence of the format. The 

sufficiency of this essential, called VMOD 

is likewise relative to the plentifulness of the 

format. To influence the rectifier to work 

legitimately, the PWM design must produce 

an essential VMOD with an 

indistinguishable recurrence from the power 

source. 

 

Fig 2.3 Operation principle of the voltage 

source rectifier. 

3. Proposed Concept Proposed D-

STATCOM Inverter: 

 

Fig 3.1 Complete configuration of the 

proposed DSTATCOM inverter system  

At this time, the modular multilevel 

converter (MMC) is the most current 

topology for vast scale business 

applications. Fig. 2 demonstrates the 

arrangement of the MMC topology. The 

structure of this topology depends on a few 

modules in which every module comprises 

of a coasting capacitor and two switches. 

This topology is a perfect decision for 

FACTS applications if the capacitor 

voltages are kept adjusted. It requires just a 

single DC source which is appropriate for 

renewable energy source inverters, it is 

anything but difficult to plan for larger 

amounts, and it can convey dynamic and 



VAMSI KIRAN Ch, et al, International Journal of Computers Electrical and 
Advanced Communication Engineering [IJCEACE]TM 
Volume 1, Issue 12, PP: 71 - 83, AUG - DEC’ 2017. 
 

 
 

 

International Journal of Computers Electrical and Advanced Communications Engineering 

                                               Vol.1 (12), ISSN: 2250-3129, AUG - DEC’ 2017                                  PP: 71 - 83                                                                                                                                            

     

reactive power paying little respect to the 

heap attributes. MMC has a particular 

outline in view of indistinguishable 

converter cells which settle on it an 

appropriate decision for abnormal state 

applications. The fundamental disadvantage 

of this topology is that it requires substantial 

capacitors in correlation with comparable 

topologies which may influence the 

aggregate cost of the inverter. In any case, 

this issue can be reduced by the absence of 

requirement for any snubber circuits.  

 

Fig 3.2. Configuration of the MMC topology 

and its submodule 

4. Matlab/Simulation Results 

 

 

 

 

 

5. Conclusion  

In this proposition the idea of a D-

STATCOM inverter is displayed. The 

proposed inverter recommends another path 

in which little inexhaustible sources can be 

utilized to give control and support in 

dissemination systems. The MMC 

DSTATCOM inverter can give utilities 

capacitive VAR pay. The one of a kind work 

of this exploration is to consolidate the two 

ideas of DSTATCOM and inverter utilizing 

the most developed multilevel topology to 
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make a solitary unit called D-STATCOM 

inverter. In the ebb and flow inquire about 

another D-STATCOM inverter utilizing the 

most progressive multi-level topology called 

MMC is exhibited. In this task, MMC is 

utilized as the voltage source converter 

(VSC) topology to make a DSTATCOM 

that is ready to control receptive power, as 

well as can connect to a breeze turbine and 

manage the dynamic power exchanged to 

the system. The proposed device gives an 

inverter and D-STATCOM in a solitary unit 

with no extra cost. The proposed 

DSTATCOM inverter can give utilities 

more information at end purposes of the 

dispersion lines. The objective is to build the 

infiltration of renewable energy source 

systems, particularly twist, to the dispersion 

systems. 
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