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Abstract- In conventional method three converters are used to regulate the power transfer to the grid. In this work, the operation 
of an effective power transfer scheme with minimum number of converters is proposed for a grid connected wind & Photo 
Voltaic (PV) system. In this proposed system, the Distributed generation sources are Permanent Magnet Synchronous Generator 
(PMSG)-based wind energy conversion system and PV array system. Two voltage source converters with a common DC-link serve 
as Wind Side Converter (WSC) and Grid Side Converter (GSC) respectively. The PV array is directly tied to the DC link without any 
power converter providing variable DC-link voltage. The Perturb and Observe technique extracts the maximum power from PV 
and the DC-link voltage is set to the Maximum Power Point (MPP) voltage of the PV array. The output DC voltage of WSC is 
regulated to an MPP PV voltage using an outer proportional–integral voltage control loop.  The GSC tracks the maximum power 
from wind and PV array is an advanced method. A shunt active power filter to compensate for the current unbalance due to the 
connection of non-linear loads at the grid.  

Index Terms—WSC, MPP, GSC,Grid Side converter. 
 
 

I. Introduction  

The conventional energy sources are creating air pollution, 
plant installation cost is high and with increased generation 
cost, now has started depleting. In recent years much 
attention has been paid towards the green energy sources 
like hydraulic, tidal, wind, solar, fuel cell and so on. The 
above distributed generations (DGs) are popular in 
commercial and residential domains of energy harvesting. 
Earlier the focus was separately on the individual sources 
but to extract maximum power from DGs, owing to the 
varying environmental conditions, developments are also 
happening using a combination of DGs. The commercial 
viability study of wind/photovoltaic (PV)/diesel hybrid 
system reported in [1, 2] states that stand-alone PV array is 
a better solution from the economic point of view, but 
suffers deficit power during winter seasons. Earlier studies 
carried out on stand-alone solar and other different 
combinations of hybrid systems project viability and 
importance of solar energy in global electrification [3–5]. 
In recent years, both PV and wind power generation have 
put forward opportunities for utilizing the renewable energy 
sources for electricity generation. In wind generation 
systems, variable-speed variable-frequency based electrical 
generators can increase the energy  production,  with  the  
flexibility  of  operating  under  wide wind conditions, 

simultaneously reducing the stress on the mechanical  
subsystem  and  offering  maximum  efficiency  at  all wind 
velocities. 
Though both solar PV and wind power being intermittent in 
nature, a possible combination of both is much appreciated 
as they complement each other in many aspects. The 
authors [6, 7] report that in weak grids, the wind/PV array is 
considered optimal, as the hybrid system rapidly suppresses 
the random output power from individual sources. Wang 
and Lin [8] propose for utilization of a battery unit in the 
hybrid wind/PV system. The battery unit is reported to 
significantly improve the reliability of the system and 
flexibility. A stand-alone system with both PV and 
permanent magnet synchronous generator (PMSG) as 
sources is discussed in [9]. This system offers a regulated 
load voltage but the reliability of the system in satisfying the 
load demand cannot be ensured. To overcome the above 
disadvantages, a hybrid system comprising of wind/PV/fuel 
cell is reported in [10]. This paper projects a novel topology 
for meeting out the differences in power generation where 
fuel  cell  supports  the  system  when  both  wind  and  PV  
fails  to satisfy the demand. The authors also use an ultra-
capacitor as a dump load to store the excess generated 
energy.  Giraud and Salameh [11] propose a grid supported 
hybrid system and ensures reliable power supply with the 
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help of battery storage. The present work uses a novel 
topology and effective power transfer scheme with 
minimum number of converters in a hybrid wind/PV system. 
The   proposed   system   offers   maximum   power   point   
(MPP) operation of both the renewables and also 
compensate for current unbalances on the grid side. Various 
combinations of hybrid micro grid systems consisting of both 
PV and wind are discussed in the literature. A system 
with both PV and PMSG as sources and battery as primary 
energy storage device is discussed in [12], where both the 
source and storage systems are connected to a common DC 
bus through individual power electronic converters, which 
in turn is connected to the grid through an inverter unit. 
Bae and Kwasinski [13] describe a grid connected hybrid 
renewable energy system with PV and PMSG, but MPP 
tracking (MPPT) for PMSG is not implemented. Various 
configurations of a hybrid DG system with PV and PMSG as 
their sources are reported [14, 15]. In [16] a single-phase 
grid connected hybrid PMSG–PV array where the PV array is 
directly connected to DC link is proposed. An uncontrolled 

diode bridge rectifier followed by DC–DC converter and 
single- phase inverter are used and the DC-link voltage is 
tracked based on the duty cycle variation of DC–DC 
converter. However, the implemented control scheme 
achieves active power transfer and DC-link voltage 
regulation only. In all the above mentioned PV and   
PMSG   systems,   the   system   employs   individual   power 
electronic interface units for the sources and backup supply. 
Furthermore, complex control algorithms were employed 
for tracking maximum power from the intermittent sources. 
However, higher efficiency can only be achieved by 
employing lesser power converter stages and this paper 
attempts for a system schema with minimum converters 
where three-phase voltage-source converter (VSC) is used 
on either side of the DC link. The proposed control scheme 
performs active maximum power transfer, DC-link voltage 
regulation, load compensation, and reduces torque 
pulsations in PMSG simultaneously. 
 

                                                   Figure 1: circuit diagram of the proposed system 

System description  
 From the schematic diagram of the proposed hybrid 
Distribution Generating system with wind and PV array as 
sources is shown in fig.1. A Wind Side Converter is 
connected to the stator of PMSG and Grid Side Converter 
transfers power from the DG sources to the grid/load. Both 

WSC and GSC are bidirectional voltage source converters 
connected in back-to-back configuration through a common 
DC link. The PV array is tied to the DC bus creating a variable 
DC-link voltage. 
To facilitate power extraction from both PV array and wind, 
the GSC is current controlled to deliver 

maximum power from both wind and solar system. The DC 
voltage of the WSC is regulated to the MPP voltage of the PV 
panel. A PI voltage controller is used to changes in the 
voltage loop of WSC with respect to the PV voltage. Under 
this condition, the maximum power for the given irradiation 
and for the available wind speed/velocity is drawn by the 
action of the current controller developed for the GSC. The 
maximum power information from the hybrid DG sources is 
given to the GSC for generating reference grid currents at 
unity power factor (UPF). 

In this proposed system, the DC voltage reference for the 
WSC is set to the MPP voltage of the PV panel. In the 
absence of solar energy, the reference DC voltage of WSC is 
set to a default value. It is proposed to test the hybrid 

system under conditions of varying wind velocity, 
irradiations, and load demand and to develop suitable 
current control techniques to meet the objectives. 

 
MPPT for PV: For a different temperature and solar 
irradiation, the Perturb and Observe (P&O) technique MPPT 
technique tracks the PV array output voltage Vpv at which 
the PV array can deliver maximum power. The PV output 
power (PPV) and change in power (ΔPPV) are calculated 

from the sampled values of PV array voltage and current. 
The flowchart of the P&O MPPT algorithm is shown in 
Appendix 1. 
MPPT for wind: An MPP algorithm applied to the WECS 
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follows the MPP trajectory to extract maximum power 
depending on the different level atmospheric wind speed. 
The maximum generated power of the Permanent Magnet 
Synchronous Generator for different wind velocities ‘v’ are 
computed from the power curves. From the obtained data, 
Pmax can be related to ‘v’ using polynomial  
Curve fit as given in equation (1) 

𝑃𝑚𝑎𝑥 = −3 + 1.05𝑣 − 0.133𝑣2 + 0.798𝑣3                  (1) 

The maximum power output of PMSG is set as Pw which 
can be related with Pmax as follows 
                   𝑃𝑤 = 𝑃𝑚𝑎𝑥ŋ𝑔                                                                 
(2) 
Where efficiency of the generator, ηg is assumed as 90%. 
Thus, for each wind velocity, the obtained Pref from t h e  
e q u a t i o n  (2) is plotted and is shown in Appendix 2 
 
Design of WSC and GSC 
In Fig.1, v123, vgxyz are the corresponding  phase voltages 
of the Permanent Magnet Synchronous Generator   and AC 
grid, respectively; i123, igxyz are the corresponding  line 
currents of PMSG and AC grid, respectively; V dc = V PV is the 
DC bus voltage of the system; and Idc is the average DC 
current. The midpoint of each leg of GSC is connected to 
individual lines of the AC grid through   interface   
inductances   L1_g= L2_g= L3_g= Lgg, the system having 
internal resistance are r1_g= r2_g= r3_g= rg_g, respectively.  
The PMSG voltages are fed to the WSC through an inductive 
input    filter    L1 = L2 = L3 = L1      to   suppress    high    
frequency harmonics. The rate of change of stator current 
(Δi ) is limited to 10% of the peak stator current which is 
given as follows: 
                          ∆𝑖𝐿1 = 10%𝑜𝑓 𝑃𝑤 𝑚𝑎𝑥

𝑉1𝑠(max)
                                   (3) 

                            𝐿1 =
𝑉1𝑠(𝑟𝑎𝑡𝑒𝑑)∗(𝑉𝑝𝑣−𝑉1𝑠(min)

∆𝑖𝐿1∗𝑓𝑠∗𝑉𝑝𝑣
                         (4) 

The DC capacitance value selected by the required DC-link 
output voltage, minimum Vpv voltage, maximum output 
power and holdup time (thold ). The value of the capacitor cdc 
is given equation (5) 

                       𝐶𝑑𝑐 =
(𝑃𝑤(max)+𝑃𝑝𝑣_𝑚𝑎𝑥)2𝑡ℎ𝑜𝑙𝑑

𝑉𝑝𝑣2 −𝑉𝑝𝑣(𝑚𝑖𝑛)
2                            (5) 

 Rating of GSC inverter 
The  size  of  the  GSC  inverter  is  decided  by  considering  
the following situations: 
i. maximum VA to be processed, 
ii. Connected load demand, 
iii. Inverter efficiency. 
The rating of the inverter is selected to be >1.5 times of the 
total input power, because starting current is high 
compared to steady- state current. The input power from 
wind and PV is added and fed to the GSC. 
               𝑃𝐺𝑆𝐶 = ŋ𝐺𝑆𝐶(𝑃𝑤+𝑃𝑝𝑣 + 𝑃𝑛𝑙)                              (6) 
Where ηGSC stands for the efficiency of the GSC which is 
taken as 90%.  
Dynamic current controller for WSC 
Dynamic current controller is desired to regulate the output 
voltage of WSC to MPP voltage, a PI controller is 
incorporated in the voltage loop to adapt to the servo 
changes. To eliminate torque pulsations of PMSG due to 
the harmonics and effective utilization of the generated 
power, the stator currents are made to follow the stator 
voltage. With Unified Power Flow control, the overall VA of 
the WSC would contribute to the active power transfer and 
thereby reduce the kVA rating of the Wind Side Converter 
in the proposed system. The system lead to a smaller size 
and hence reduce the economic cost of the power circuit, 
which is one of the significant considerations for variable 
speed wind electrical generation. To achieve this, the 

electrically generated power is computed by using the stator 
voltage and current information from which the reference 
current template for the current controlled WSC is 
generated using synchronous detection method (SDM). 
The Hysteresis Controlle  after processing the current error, 
controls the PMSG current. DC ripples are reduced and 
regulated to MPP voltage of PV array using PI controller. 
Due to hysteresis action, the actual WSC input current 
templates follow and tract the reference current templates. 
The hysteresis band of the inner current controller is 
±0.00001 A. 
Voltage controller for WSC 
The voltage controller proposed for WSC is a PI controller. In 
spite of PV or wind variations, the DC-link voltage is 
regulated using the PI controller. Ziegler–Nichols (ZN) tuning 
method is employed to design Kp and Ki values as 10 and 
1, respectively. The small- signal transfer function of WSC 
cascaded with a PI controller is given as following equation 
(7) 

𝐴(𝑠) = �𝐾𝑝 + 𝐾𝑖
𝑠
� 2𝑉𝑚

(1−𝐷)2
1−(8𝐿

3𝑅𝐿
(1−𝐷2)𝑠

1+(8𝐿/3𝑅𝐿(1−𝐷)2+(8𝐿𝐶/3(1−𝐷)2)𝑠2
(7) 

Current controller of GSC 
The control objective of GSC is to transfer the maximum 

power from the DG sources and to supply the oscillatory 
and reactive VAR needed by the non-linear loads. 
Considering the maximum wind and PV power and the 
losses of the GSC (ploss) the total grid reference currents 
are computed using SDM. 
The computed reference currents are compared with the 
actual AC grid currents to generate current error. This GSC 
current error is fed to HC controllers to produce the 
switching pulses for the gate drives of GSC.  
Design of  PI  controller 

 
      Figure 2: design of control scheme  

 From the fig 2 shows the internal structure of the control circuit. A 
control scheme consists of PI controller, limiter, and three phase sine 
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wave generator for reference current generation and generation of 
switching signals. The peak value of reference current is estimating by 
regulating the DC link voltage. The actual capacitor voltage is 
compared with a set reference value.  
The error signal is then processed through a PI controller, which 
contributes to zero steady error in tracking the reference current 
signal. The output of the PI controller is considered as peak 
value of the supply current (I), to maintain the average 
capacitor voltage to a constant value. Peak value of the 
current (I) so obtained, is multiplied by the unit sine vectors 
in phase with the respective source voltages to obtain there 
reference compensating currents. These estimated 
reference currents (Isa*, Isb*, Isc*) and sensed actual 
currents (Isa, Isb, Isc) are compared at a hysteresis band, 
which gives the error signal for the modulation technique. 
This error signal decides the operation of the converter 
switches. In this current control circuit configuration, the 
source/supply currents I are made to follow the sinusoidal 
Reference current Iabc, within a fixed hysteretic band. The 
width of hysteresis window determines the source current 
pattern, its harmonic spectrum and the switching frequency 
of the devices. The DC link capacitor voltage is kept constant 
throughout the operating range of the converter. In this 

scheme, each phase of the converter is controlled 
independently. 
 To increase the current of a particular phase, the lower 
switch of the converter associated with that particular phase 
is turned on while to decrease the current the upper switch 
of the respective converter phase is turned on. With this one 
can realize, potential and feasibility of PI controller. 

 
                           Figure 3:d-q transformation

 

Validation of the proposed system 

     Different   type  of  power transfer modes  of operation  under 

the various   conditions  of changing irradiation and wind are 
considered, to achieve  the effective control operation.  

Case 1 (both wind and PV generating power) 

        

            

 
 
          Figure4a: WSC voltage,        Figure4b:Compensated WSC 
current,         Figure4c: DC-link voltage,                                          

       

                    

   
Figure4d GSC AC grid voltage,    Figure4e: Compensated 
GSC currents,              Figure4f: PV and IV curve,  

When both wind and PV generating power, the solar MPPT 
continuously tracks the maximum panel voltage value it is 
set as the reference voltage Vpv-ref for the Wind Side 

Converter.  The output DC voltage of WSC is regulated to 
Vpv_ref using a PI controller. In order to achieve Unified 
Power Flow operation, the reference currents for Wind Side 
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Converter are generated using Synchronous Deduction 
Mechanism, which are compared with actual WSC currents 
to produce current error signal. The Hysteresis Controller 
processes this error signal and transfers this maximum 
power to DC side of WSC. In order to make the Grid Side 
Controller  currents follow grid voltage along with maximum   
power   transfer   from   renewables   (Pw + Ppv),   the 
reference currents for GSC are generated using Synchronous 
Deduction Mechanism. 
When wind speed is 12 m/s which makes PMSG to rotate at 
a speed of 1500 rpm is considered.  The PV array  i s  
subjected to an irradiation of 1000 W/m2. figs. 4a and 4b 
show the compensated sinusoidal WSC currents and WSC 
voltages under constant wind speed, respectively. Fig. 4c 
shows regulated DC-link Voltage (241.7 V) under the 
constant wind and solar irradiation. fig. 4f shows the I–V/P–
V curve of the PV system. In the proposed system, MPPT 
tracks the maximum panel voltage at any variation of 
irradiation levels, irrespective of variations in solar 
irradiation. From the figs.4d and e show the utility grid 
voltage and GSC compensated grid currents, respectively.  
Case 2 (only PMSG generating power) 
During night time  or climatic changes like cloudy  conditions  
when  solar  PV cannot generate the power , MPPT 
algorithm becomes ineffective in generating Vpvref. In such 
condition, the voltage controller regulates the DC-link 
voltage to 230. The power from the PMSG is directly 
transferred to the AC loads and grid by GSC. The wind speed 
variations (10–12 m/s) are simulated in the matlab 
environment, and the corresponding currents variations in 

WSC and GSC. 
fig. 5a shows PMSG voltages under varying wind speed 
where it can be seen that generated voltages increase 
proportionally with increasing wind speed. At a wind speed 
of 10 m/s the generated where a change in wind speed is 
instigated, Fig. 5b shows DC-link voltage and RMS voltage of 
one phase of WSC under rectification mode with power 
being transferred from PMSG to the DC side.  Fig.  5c shows 
the RMS current of one phase of GSC. DC power is 
transferred to linear/non-linear loads with surplus power 
being fed to the grid through GSC operating under inversion 
mode. Figs. 5d show DC power. 
 
 
Case 3 (only PV generating power) 
Sometimes wind speed may reduce under the condition of 
climatic changes due to which, WSC may be unable to track 
the solar PV MPP voltage. With sun's irradiation varying over 
time in the absence of wind power, the PV power is directly 
fed to the DC link providing a variable link DC voltage. 
Corresponding the compensated grid current also varies 
with varying irradiation and temperature, the system 
transferring this variable power to the grid. 
Figs. 6a and b show DC-link voltage and PV power varying 
correspondingly to changes in illuminations introduced at 
t = 1.5 s, As  irradiation  varies  from  800  to  1000 W/m2,  
the GSC currents increase proportionally, which are 
successfully tracked by the employed grid side Hysteresis 
controller . 

            

           

 
                                figure5(a) WSC voltage                            figure 5(b) DC-link 
voltage                   Figure5(c) current of WSC                                                              
 

             

       

 
                          figure 5(d): PV power                     6(a) PV voltage under varying 
irradiation                    6(b)PV power,   
  

Case 4 (STATCOM operation)      
 
A GSC act as a STATCOM device it also providing VAR support to 
non-linear loads connected to the grid. When the absence of 
renewable power, the non-linear loads connected to the GSC are 

powered by the grid and the GSC gives a shunt active power filter 
to compensate for the current unbalance 
   In nonlinear loads and linear loads need reactive and 
harmonic VA, it will be oscillating between the AC loads and Cdc 
through the GSC, whereas the total fundamental active power will 

207

http://seeepedia.org/


SEEE DIGIBOOK ON ENGINEERING & TECHNOLOGY, VOL. 01, MAY 2018  

978-81-933187-0-6 © 2018 SEEEPEDIA.ORG 
Society for Engineering Education Enrichment 

be provided absorbed by the grid. When the renewable sources are 
not generating power, the Cdc charges from grid. When the 
renewable sources generating power, the Cdc is regulated to an 
MPP voltage of PV panel by the control action of PI controller. 
During both renewable sources are operating, the grid provides 
the active power required by the loads and the GSC 
compensates for the harmonic and oscillatory current of the loads. 
To calculate the AC grid reference currents, the output of the PI 
controller is added to the total fundamental active power, which is 
calculated by measuring the AC grid voltages and currents. The 
reference grid currents are then calculated using (9a-9c) adopting 
SDM. The difference between reference source current and non- 
linear load current is the GSC reference current. HC compares the 
reference current of GSC and the actual current of GSC and 
generates gating pulses for the GSC switches. 
The power flow through GSC is [(PW + PPV) − Pnl + ploss] which may 
be either positive or negative. With an increase in load the  
converter  losses  will  also  increase,  consequently  the  DC 
voltage regulation will be lost and the current controller also may 

not be able to follow the AC grid reference current. Hence it is 
proposed to regulate the DC voltage to desired DC reference value 
using a PI controller given in equation. The DC reference would be 
the MPP voltage of PV panel in the presence of renewables and 
230V in their absence. 
𝑃𝑙𝑜𝑠𝑠 = (𝐾𝑝 + 𝐾𝑖

𝑠
)(𝑉𝑝𝑣𝑟𝑒𝑓 − 𝑉𝑑𝑐)                                                

(8) 
Where kp and ki  are the proportional and integral gains 
of the PI controller, respectively. The grid reference currents 
computed using SDMs are given: 

𝑖𝑔𝑎 = 𝑉𝑔𝑎+(𝑉𝑔𝑏−𝑉𝑔𝑐)𝛽

𝑉𝑔𝑎2 +𝑉𝑔𝑏
2 +𝑉𝑔𝑐2

(�𝑃𝑤 + 𝑃𝑝𝑣� − 𝑃𝑛𝑙 + 𝑃𝑙𝑜𝑠𝑠)                (9a) 

𝑖𝑔𝑏 = 𝑉𝑔𝑏+�𝑉𝑔𝑐−𝑉𝑔𝑎�𝛽

𝑉𝑔𝑎2 +𝑉𝑔𝑏
2 +𝑉𝑔𝑐2

��𝑃𝑤 + 𝑃𝑝𝑣� − 𝑃𝑛𝑙 + 𝑃𝑙𝑜𝑠𝑠�                (9b)   

𝑖𝑔𝑐 = 𝑉𝑔𝑐+(𝑉𝑔𝑎−𝑉𝑔𝑏)𝛽

𝑉𝑔𝑎2 +𝑉𝑔𝑏
2 +𝑉𝑔𝑐2

(�𝑃𝑤 + 𝑃𝑝𝑣� − 𝑃𝑛𝑙 + 𝑃𝑙𝑜𝑠𝑠)                 (9c)

 

 
             Figure 7a: different level of wind speed  
 

 
                    Figure 7b: different level of irradiation  

 
MPPT operations  
In the hybrid system there are in different level of 
investigations are performed under various different wind 
speeds and irradiation are considered for the system 
performance.  When the constant   irradiation condition is 
1000 W/m2, In this  t i m e  the PV power generate is 1365 
W, the system is performed  for varying wind speeds, and 
the corresponding variations in PMSG power and generated 
reference currents. From the fig.7a  variations of these 
parameters with respect to wind speed variations are 
cached . It can be clearly understood from the figure that, 
the generated PMSG power also had increased 
correspondingly with an increase in wind speed between 
the cut-in and cut-out speeds, The reference currents 
generated by the controller proportionally   increases    
proportionally   to   extract   maximum available power 
from the sources Under conditions of constant wind speed, 
MPPT investigations were carried out for varying irradiation 
levels. The variations in generated PV power and reference 
currents are noted down for gradual increase in irradiation 
level between 800 to 1000 W/m2 during which the 
generated PMSG power remains nearly constant. The 
variations of these parameters with respect to irradiation 
level variations are depicted in Fig. 7b which clearly shows 
that with increase in solar irradiation level, the PV generated 
power had increased correspondingly.  

In order to extract maximum power, the reference currents 
generated by the controller to increase proportionally. Both 
the MPP algorithm successfully tracks the maximum power 
and from the different irradiation and wind speed, it can be 
communicated to   the controller works effectively in 
transferring the maximum power to the grid/load.   
Results and discussion 
The   proposed system   consists   of   using   two   back-to-
back   interfaced converters connected in  common DC link 
where the PV panel is directly tied in DC link. The MPP 
algorithm is implemented on both WECS and PV system  to 
tract the maximum power from  any conditions of 
atmospheric wind and solar irradiation,  The voltage 
regulation of the control system for WSC consists of DC-link 
using PI controller and effective power transfer from PMSG 
using Hysteresis Control. The control strategy for GSC 
consists of transferring the maximum available from wind 
and solar power to the linear/non-linear loads and grid using 
Hysteresis Control. 
The experimental results are found to complement the 
simulation results under steady state and transient 
conditions. Steady-state investigations are conducted at a 
constant wind speed of 12 m/s and constant irradiation of 
1000 W/m2. The implemented (P&O) MPP algorithm for PV 
panel tracks the maximum power from solar and outputs 
the corresponding MPP voltage as a reference to the 
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comparator for DC-link voltage regulation. The current 
control of both WSC and GSC is  to operates effectively 
transfer the available maximum renewable power to the 
load/grid 
Conclusion 
In this paper contain a hybrid Distribution Generation 
system PMSG- based WECS and PV array system connected 
through a common DC link. With parallel operation of PMSG 
and PV, future expansion of the system becomes feasible 
allowing plug and play, load sharing and islanded mode of 
operation. The DC voltage is regulated to an MPP voltage 
of PV through WSC. Without considering any DC–DC 
converter and duty cycle variation and with fewer power 
converters employed, the system track maximum power 
from PMSG and PV and transfers it to linear/non-linear 
loads and grid through a GSC. Same VSC topology and 
controls is implemented in both WSC and GSC to achieve 
maximum power through    under   different   sources   and   
load   conditions.   The proposed system may facilitate the 
integration process of DC power technologies into the 
pervious AC system. Maximum power from PMSG is used to 
generate reference currents for WSC to control the 
harmonics in PMSG stator currents leading to better 
utilization of PMSG. GSC is also acts as a STATCOM device to 
providing VAR support to the grid connected loads and also 
providing active power to the grid. 

 

                        
Appendix 1: Flowchart of P&O MPPT algorithm                

 
         Appendix 2: Turbine power characteristics of PMSG 
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