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Abstract—Renewable energy is a critical part of 

reducing global carbon emissions .Among many 

renewable energies the penetration of photovoltaic 

(PV) solar power generation in distributed generation 

(DG) systems is growing rapidly because of its 

stability and cleanliness. Especially when high 

penetration levels are achieved ,it imposes new 

requirements to the operation and management of the 

distribution grid. Based on the requirements power 

electronics technology(eg: cascaded modular 

multilevel converters) is used to properly integrate 

PV system to the grid .However, power distribution 

and control in the cascaded PV system faces tough 

challenge on output voltage over modulation when 

considering the varied and non uniform solar energy 

on segmented pv arrays .This paper solves the issue 

and proposes improved PV system with cascaded 

modular multilevel converters using FLC in DC-DC 

converter controller. A newly derived vector diagram 

is used to find the relation between output voltage 

component of each module and power generation 

which illustrates the proposed power distribution 

principle. 

 
Index Terms—Cascaded  photovoltaic  (PV)  system, 

power–voltage  distribution,  reactive  power 

compensation,  unsymmetrical  active  power. 

 

I. INTRODUCTION 

Renewable energy is generally defined as the 

energy the is collected from resources which are 

naturally replenished on a human time scale such as 

sunlight ,wind ,rain ,tides ,waves and geothermal 

heat. Among of these renewable energy, solar 

energy is much easier to be harvested, converted, 

and delivered to grid by a variety of power 

converters [1]–[5]. In particular, large-scale grid-

connected photovoltaic (PV) systems play a major 

role to achieve PV grid parity and have been put 

forward in high penetration renewable energy 

systems [6]. Numerous industrial applications have 

begun to require high power apparatus in recent 

years. Some medium voltage motor drives and 

utility applications requires medium voltage and 

megawatt power level. For a medium voltage grid, 

it is troublesome to connect only one power 

semiconductor switch directly. As a result, a 

multilevel power converter structure has been 

introduced as an alternative in high power and  

 

 

 

 

 

medium voltage situations. A multilevel 

converter not only achieves high power ratings, but 

also enables the use of renewable energy sources.  

Renewable energy sources such as photovoltaic, 

wind, and fuel cells can be easily interfaced to a 

multilevel converter system for a high power 

application. As one type of modular multilevel 

converters, cascaded multilevel converters share 

many merits of modular multilevel converters. 

Lower electromagnetic interference modularity, 

etc., but also is very promising for the large-scale 

PV system due to its unique advantages such as 

independent maximum power point tracking 

(MPPT) for segmented PV arrays, high ac voltage 

capability, etc. [4]–[5].PV systems with cascaded 

multilevel converters have to face tough challenges 

considering solar power variability and mismatch 

of maximum power point from each converter 

module due to manufacturing tolerances, partial 

shading, dirt, thermal gradients, etc. In a cascaded 

PV system, the total ac output voltage is the sum of 

output voltages from each converter module in one 

phase leg, which must fulfill grid codes or 

requirements. Because same grid current flows 

through ac side of each converter module, active 

power mismatch will result in unsymmetrical ac 

output voltage of these modules [5]. The converter 

module with higher active power generation will 

carry more portion of the whole ac output voltage, 

which may cause over modulation and degrade 

power quality if proper control system is not 

embedded into the cascaded PV system. Several 

control strategies have been proposed for the 

cascaded PV system with direct connection 

between individual inverter module and segmented 

PV arrays. But they did not consider the fact that 

PV arrays cannot be directly connected to the 

individual inverter module in high-voltage large-

scale PV system application due to the PV 

insulation and leakage current issues. Even if there 

are low-frequency medium-voltage transformers 

between the PV converters and grid, there are still 

complicated ground leakage current loops among 

the PV converter module. Therefore, those methods 

in are not qualified for a practical large-scale grid-

connected cascaded PV system. Moreover, reactive 

power compensation was not achieved, which 
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largely limits the functions of the cascaded PV 

system to provide ancillary services. Proper 

reactive power compensation can significantly 

improve the system reliability, and in the meantime 

help the MPPT implementation for the cascaded 

module under unsymmetrical condition as well as 

comply with the system voltage requirement 

simultaneously. A reactive and active power 

control strategy has been applied in cascaded PV 

system with isolated dc–dc converter. If 

symmetrical active power comes from each 

module, active and reactive power can be equally 

distributed into these modules under traditional 

power control. However, if unsymmetrical active 

power is generated from these modules, this control 

strategy will not be able to achieve decoupled 

active and reactive power control. Reactive power 

change is along with the active power change at the 

same direction, which may aggravate output 

voltage over modulation during unsymmetrical 

active power outputs from segmented PV arrays. In 

order to solve the aforementioned issues, this paper 

proposes a large-scale grid-connected cascaded PV 

system including current-fed dual-active-bridge 

(CF-DAB) dc–dc converters and cascaded 

multilevel inverters. A decouple active and reactive 

power control system is developed to improve the 

system operation performance. Reactive power 

from each PV converter module is synchronously 

controlled to reduce the over modulation of PV 

converter output voltage caused by unsymmetrical 

active power from PV arrays. In particular, the 

proposed PV system allows a large low-frequency 

dc voltage ripple for each PV converter module, 

which will not affect MPPT achieved by CF-DAB 

dc–dc converters. As a result, film capacitors can 

be applied to replace the conventional electrolytic 

capacitors, thereby enhancing system lifetime. 

Christo Ananth et al.[8] presented a brief outline on 

Electronic Devices and Circuits which forms the 

basis of the Clampers and Diodes. 

II. SYSTEM CONFIGURATION AND POWER–

VOLTAGE  DISTRIBUTION 

 
Fig 1 ; Block diagram of Grid-connected PV system with 

Cascaded PV inverter 

A. System configuration 

Fig. 1 describes the system configuration of one 

two-stage  grid-interactive  PV  system  with  n  

cascaded converter  modules  for  each  phase,  

which  is  very suitable  for  the  medium/high  

voltage  application.  It can  be  immune  to  the  

leakage  current  and  PV potential  induced  

degradation  issues.  In  this  paper, threephase  PV 

converters are connected in “wye” configuration.  

They  also  can  be  connected  in “delta”  

configuration.  In  the  two-stage  PV  system, the  

first-stage  dc/dc  converters  with  high  voltage 

insulation  can  achieve  the  voltage  boost  and  

MPPT for the segmented PV arrays. The second 

stage three-level  H-bridge  converter  modules  are  

cascaded  to augment  the  output  voltage,  deliver  

active  power  to grid, and provide reactive power 

compensation. The dc-link voltage can be 

controlled to be constant and the  same  in  each  

converter  module. The  single-stage  PV  system  

features  simple configuration  and  fewer  devices  

integration  in  each module.  However,  additional  

methods  need  be developed to solve the leakage 

current issues. In addition, the system  may  need to 

be oversized to accommodate  the  wide  input  

voltage  variation.  In these  configurations,  

unsymmetrical  active  power may be harvested 

from the cascaded modules due to PV  module  

mismatch,  orientation  mismatch,  partial shading, 

etc. In this case, improper power distribution and  

control  are  prone  to  an  intrinsic  instability 

problem  if  MPPT  is  still  desired,  which  results  

in a limited operation range  for the system.  

Moreover, it may  also  seriously  deteriorate  the  

system  reliability and power quality. Particularly, 

appropriate reactive power compensation  is  very  
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helpful  to  improve  the operation  of  the  

cascaded  PV  system.  Considering active power is 

produced by  PV arrays and reactive power  

injection  or  absorption  is  regardless  of  PV 

arrays,  one  expects  an  independent  active  and 

reactive power control for each module. By this 

way, effect  of  reactive  power  compensation  on  

system reliability  and  power  quality  can  be  

investigated.  In this  paper,  efforts  are  focused  

on  the  intelligent reactive  power  compensation  

method  and  optimized reactive power distribution 

from each module. 

 

B. Power and Voltage Distribution Analysis 

In the cascaded PV system, the same ac grid 

current flows through the ac side of each converter 

module. Therefore, the output voltage distribution 

of each module will determine the active and 

reactive power distribution. In order to clarify the 

power distribution, four modules are selected in the 

cascaded  

Vector diagrams are derived in Fig. 2 to 

demonstrate the principle of power distribution 

between the cascaded converter modules in phase 

a.he same analysis can be extended to phase’s b 

and c. It means that active and reactive power will 

be independently controlled in each phase. 

Therefore, a discrete Fourier transform phase 

locked Loop (PLL) method is adopted in this 

project, which is only based on single-phase grid 

voltage orientation and can extract fundamental 

phase, frequency, and amplitude information from 

any signal. Considering that the PCC voltage is 

relatively stable,��� is first used as the PLL 

synchronous signal of the cascaded PV system  as  

shown  in  Fig.2(a).���is transformed in to αβ 

stationary  reference  frame  quantities ����and 

����which is the virtual voltage with π/2 phase 

shift to ����.  

Fig. 2(b)  illustrates  voltage  distribution  of  

four  cascaded  converter  modules  under  

unsymmetrical  active  power  generation  in  phase  

a. The  output  voltage  of  the  total  converter ���is 

synthesized by the four-converter module output 

voltage with different amplitude and angles. 

Fig 2 Vector  diagrams  showing  relation  between αβ frame,dq 

frame.(a)Relationship  between  grid  current,  grid  voltage,  

and converter  output  voltage  in  phase a.(b)  

Voltagedistribution of the PV converter in phase a. 
The average active and reactive power to grid in phase a���and 

���, can be derived 

��� 	 
��� � ����

���
��

���
�………..(1) 

	��� 														� �
�

�
��������	…….......(2) 

���																					=(1/2)�������………..(3) 

III CONTROL SYTEM DESIGN 

 
Fig 3;block diagram of the proposed control system 

The active and reactive power  is  

regulated  in  the  dq reference  frame.  PLL  is  

used  to  synchronize  the output  voltage  of  the  

cascaded  PV  converters grid  current ���  with  

���  so  that  the  desired  power control  can  be  

achieved. The  maximum  active  power  harvesting  

from each  module  can  be  implemented  by  

MPPT  control and dc-link voltage control.In this 

the active power and reactive power can be 

controlled in separate axis.In the d-axis real power 

is controlling and in the q-axis reactive power is 

controlling.Fig 3 shows the block diagram 

representation of the proposed control systems. 

 

 

IV SIMULATION RESULTS 

 In  order  to  explore  the  

performance  of  grid interactive  cascaded  PV  

system  with  the  proposed reactive  power  

compensation  approach,  simulations were  first  

conducted  in  a  cosimulation  platform  of  

MATLAB/Simulink . A 1500W/415V three-phase 

two-stage  cascaded PV system as shown in  Fig.  1  

is  applied  in  this  paper. 



ISSN 2394-3777 (Print) 
                                                                                                                  ISSN 2394-3785 (Online)    

                                                                                                   Available online at www.ijartet.com 
 

               International Journal of Advanced Research Trends in Engineering and Technology (IJARTET)         
               Vol. 4, Special Issue 6, April 2017 
 

 151 

 
 

Fig 4 ;Three phase voltage at the grid. 

 

 
Fig 5;Three phase current at the grid 

 
Fig 6 ;Active power at the grid 

 
Fig 7 ;Reactive power at the grid 

 

V CONCLUSION 

This  paper  addressed  the  effect  of  reactive  

power compensation  on  system  operation  

performance  in grid-interactive  cascaded  PV  

systems.The  system stability  and  reliability  issue  

caused   by unsymmetrical  active  power  was  

specifically analyzed. Reactive power  

compensation  and distribution was introduced to 

mitigate this issue.The output  voltage  of  each  

module  was  verified   to directly  determine  the  

power distribution.The relationship between  

voltage  distribution  and  power distribution was 

illustrated with a wide power change range. 
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