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Abstract— The dynamic stability of grid connected PV, wind 
and wave power generation system is presented in this paper. 
The power produced by wind power generation system is design 
in accordance to Permanent magnet synchronous generator and 
wave power generation design in linear induction generator. The 
induction generator works on Archimedes wave swing (AWS) 
principle. The output terminal of the hybrid system is connected 
through the common link of dc bus bar via voltage source 
converter (VSC). Though, this dc power is converted to the ac 
power through voltage source inverter (VSI). To smoothen the 
ripple, a supercapacitor (SC) is implied to power supplied to the 
power grid of distribution side. In this paper a control 
mechanism is suggested to maintain the balance between the 
generated side and grid side of the distribution network. In order 
to achieve the goal, convention tool of stability is applied to the 
system under various condition of disturbance and approves the 
effectiveness of the topology used for control and enhance the 
performance of the hybrid PV and wind generation system.  

Keywords— VSC, Renewable Energy, Wind, PV. 

 

I. INTRODUCTION 

In the ongoing years, the use of non-renewable energy 
sources like coal, gas, and so forth., increases rapidly because 
of the expansion in the demand of load on the generating system 
and it prompts significant issues by making consequences for 
the nature [1]–[3]. The petroleum products that degrade as they 
are not inexhaustible in the subsequent few decades. Despite the 
accessibility of hybrid sources, the interest in energy growth is 
steadily increased by the public modernization. The pre-
eminent arrangement is to use affordable, sustainable energy 
sources[4]–[7] to meet this need for demand. From the different 

PV and wind-based texts it is shown that 56 percent of wind 
energy and 22 percent of solar power supplies in India were 
generated by a key factor in promoting sustainable energy 
sources and their interconnection with grid as of 18th May 
2018[8]. Solar and wind energy generation was expanded in the 
main, as the reciprocal accessibility and the output control 
period of the solar power plant depend on individual sunlight 
accessibility and wind velocity [10].  

Due to the high effect of sustainable energy sources on the 
climate, discontinuous and irregular voltage results from 
sources. To ease this progress, power sources are combined to 
identify the renewable energy network and MPPT control 
computing is needed to monitor the most extraordinary power 
sources[11]. The basic structure of a sustainable energy hybrid 
topology is shown in Fig.1. Other MPPT experiments have 
included: dislocation and observation (P&O), hill climbing, 
Fuzzy command, hybrid system and artificial neural network 
open to maximum energy independence from economical 
renewable sources[12]. On the other hand, a design and style 
optimization approach for the new major grid-connected 
Voltaic Power Generation System, which focused on a multi-
faceted innate algorithm, was shown in the new development of 
the large standalone wind-photovoltaic system [11]. The system 
was a stand-alone photovoltaic battery hybrid power generation 
system. The dynamic stability of a macro grid that connects 
with a wind transformer, a simultaneous diesel dynamo and a 
cellular energy storage repository was investigated in [22], 
while in the new HPGS grid-connected PV-diesel power 
station, which uses a further wave in the PV handle curve, the 
smaller wave solidity development outcomes were presented 
[13].  
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To enhance the efficiency of a photovoltaic and wind energy 
with battery HPGS, the creators in [14] put forward a narrative 
hold strategy built on the particular circumstance of charge 
associated with the battery. The use of a SMEs to improve the 
dynamic certainty of the grid-affixed wind-photo voltaic hybrid 
power generation system throughout the matrix energy sink has 
been researched in [15] as the power stabilizing of a hybrid 
macro grid using Super Capacitors was documented in [16]. 
Even though a great deal regarding outstanding analysis within 
the matters of WPG methods (Wave Power Generation 
Systems) have been performed and detailed in [17]-[29], the 
blend of the wind power generation systems together with the 
other RESs in typically the HPGSs has not recently been 
broadly examined. Only a new handful of issued papers in 
particular [30]-[32] has announced regarding the hybrid power 
generation systems together with the wind energy.  

The combination of wave turbine and wind energy 
engendering techniques utilizing a dc macro grid was 
deliberated and detailed in [30] while a mixture of quartet 
various wave power transformation tools fastened to a diffusion 
department was constituted in [31]. The authors in [32] had 
expanded an autonomous Photo Voltaic-wind  hybrid 
sustainable energy origination structure for use in islands in 
Malaysia. In that fusion project, the WPGS was replicated by a 
Permanent Magnet Synchronous Generator operated by a 
swaying aqua upright appliance and the turbine was utilized as 
a reinforcement power-depot order. Within this paper, the 
energetic stableness examined outcomes of a new matrix-linked 
wind and photovoltaic HPGS through the supercapacitor 

regarding smoothing the strength variations are conferred. A 
new command strategy is recommended to smoothen the power 
provided to the grid, also, to continue the well-balanced 
functioning of the considered method while drawing out the 
highest strength from wave along with the PV exhaustible 
means. Typically the presentation of the researched 
arrangement and the performance in the SC united together with 
the offered power structure are inspected along the root-loci 
survey outcomes of the process inherent value in addition to the 
measure-original outputs. 

II. METHODOLOGY 

    In this section, we are going going to discuss about  wave 

energy, wind energy and solar energy. Design parameters and 

techniques used in the design of wave, wind and solar also 

mentioned. In wave generator we perform parks and Clarke 

transformation and inverse of these transformations for abc to  

measurements. A 100 kilowatt of wave generation, 10 kw of 

wind and 20 kilowatt of solar energy is successfully integrated 

with the utility grid. The synchronizing voltage and current also 

plotted. The grid side response and load response plotted and 

discussed. Mathematical modeling is also explained in this 

chapter that how we transform abc to 
0dq

transformation. In 

wind system, rotor current, rotor speed and irradiance effect on 

the system is described and mppt signal is controlled to get the 

maximum power all the time. 

The presented model is shown in figure 1, which is given below.  

 

Fig 1. Presented Simulink Model 

 
In many developing countries, the development of islands is 

almost affined to availability of electric power cause many 
islands over the country where electric power grid is 
unavailable and the electricity is generated by traditional energy 
sources, but the main problem is to increase fuel cost remotely. 
Even, the electricity is generated by conventional sources 
increases the million tons of CO2, which increases global 
warming. 

To overcome this challenge, renewable energy sources is 
the only the solution, solar energy is an environment friendly 
energy source. The main problem with solar energy is 
dependency on environment conditions, doesn’t produce power 
during night and cloudy periods. It means solar system doesn’t 
produce power continuously at load. This issue can be solved 
by integrating the solar system with another renewable energy 
sources or storage system like wind, wave, fuel cell, battery 
bank etc to form a hybrid system. 
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Wave Energy i.e. Ocean Wave Energy uses surface wave 
power to generate electricity. Even many wave energy 
conversion techniques have been used. Here we use 
Archimedes Wave Swing (AWS)conversion technique. 

Principle of Working (Wave) 

2
2 2
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Where, 

P= Wave Energy Flux                                              


= Water Density 
g

= Acceleration by Gravity                                       

2

0mH
= Significant Wave Height 

eT
= Wave energy Period 

In other hand, we can also find the wave energy and its flux.  

2

0

1

16
mP gH

                                                                  (2) 

 

As the wave propagates, the energy of the wave is transported. 

The transported velocity is the group velocity. Through a 

vertical plane, the energy flux will be: 

gP Ec
                                                                                  (3) 

gc
= Group Velocity. 

 

(a) 

 

(b) 

Figure 2,(a)(b): Motion of a Particle in an ocean Wave 

 

 

A is representing the elliptical motion in deep Water 

B is representing the shallow water  

 

 Simulink Model of Wave Generator  

      Wave generator is validated in Matlab/Simulink as shown 

in the picture  below. The main part in this design is 

0abc to dq   transformation. Park and Clarke Transformation 

are the major transformation in this model and also inverse of 

park and Clarke transformation. You can see the method used 

in this model. Mathematical modeling of 0abc to dq  

transformation is also discussed below. 
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Figure 3: Simulink view of wave generator 

 

    For performing the 0qd transformation, multiply 

transformation matrix K  by machine variables [18]. As our 

interest is to transform stator variables to rotor reference frame, 

the electrical rotor angle ( )re  can be used as reference in 

transformation and transformation matrix 
r

sK  where, 

2 2
cos( ) cos cos

3 3

2 2 2
sin( ) sin sin

3 3 3

1 1 1

2 2 2

re re re

r

s re re reK

 
  

 
  

    
     

    
    

      
    

 
 
      (4) 

    The recent stator variables in 0qd  transformation are now 

given as 

0

0

r

qs

r r

qd s ds

r

s

f

f f

f

 
 

  
 
                                                                          (5) 

And  

0

r r

qd s s abcsf K f
                                                                   (6) 

      Figure 5 shows recent q   and d   axes in rotor reference 

frame. It is observed that q axis and d axis  are 90° 

apart. The q axis is referenced by rm ; and is having effect 

of inverting sine and cosine terms in equations. 

 
Figure 4, Three-phase non-salient PMSM Cross section with q 

and d axes 

The inverse transformation matrix 
1( )r

sK 
 is used to revert 

from 0qd   to abc  variables, where 

1

0( )r r

abcs s qd sf K f
                                                             (7)       

and 
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Efficiency of Wind turbine  

While converting mechanical energy into electrical energy, 
the available partial power in wind is converted [28]. The ratio 
of wind turbine power and power available in wind is called the 
overall efficiency of wind turbine, is given as, 
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P
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 

                                                                      (9) 

      The wind turbine contains two types of efficiency: first is 

rotor efficiency ( )PC   i.e. power coefficient and second is 

generator efficiency ( ) . The wind turbine rotor efficiency 

depends on the rotor blades design. Secondly, the generator 

efficiency depends upon the generator electrical design. The 

output power of the generator is given as: 
3

output pP Av C 
                                                          (10) 

    To get the rotor efficiency the mechanical power 

( )mechanicalP
 of the rotor has to be calculated. It can be 

calculated by measuring the rotational speed ( )  as well as the 

mechanical torque (T) of the rotor. So, mechanical power can 

be calculated as: 

mechanicalP T
                                                                 (11) 

     Where T is the mechanical torque of the rotor ( )Nm  and   

is the rotational speed of the rotor ( / )rad s . 

III. RESULTS 

Grid end power  

 
Figure 5: Grid Power in KW 

 
The above mentioned graph represent the variation in Grid 

side Solar Power due to variation of Solar Irradiance. Initially 
the solar power is 0 kW then it decreases to -50 kW at time 
0.1sec , it increases to 140kW and decreases to 40 kW again 
increases to 180 kW very instantly for time interval 0.1 sec to 
0.2 sec then drastically it decreases to 150 kW at time 0.3 sec 
,now it remain constant upto 0.6 sec, again it decreases to 25kW 
and remain constant for time interval 1.2 sec-1.3 sec, again it 
increases up to 150 kW and remain constant for time interval 
1.6 sec - 2.1sec again it decreases to140kW and remain constant 
for time interval 2.2 sec - 2.5 sec. 

 

 

 
Figure 6: Grid side voltage and Current 

 
The Voltage remains constant and current varies due to 

Solar Irradiance w.r.t. time at grid end. 

 

 

 
Figure 7: PV power vs MPP Signal 

 
  Reference Voltage and Modulation Index 

In below figure Graph shows the variations in reference 
voltage w.r.t. time. Initially it is 0.1V then it increases 
drastically up to 560V at time 0.1 sec again it decreases 
drastically up to 370V at time 0.2 sec ,it increases up to 555V 
at time 0.3 sec, again it decreases gradually up to 500V at time 
0.32 sec now it remain constant up to 2.5 sec. 

Graph 2 shows the variation in Modulation Index w.r.t. 
time. 

 

 

 
                                          (a) 
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(b) 

Figure 8: (a) and (b) Variations in Reference Voltage and 

Modulation Index w.r.t. time 

 

 
Figure 9: Load side response 

 
Load side response is shown in fig 9 and three phase voltage 

and current waveform are displayed. A little distortion at the 
time interval of 0.05 to 0.06 sec.  

Variable Voltages of Stator Machine 

The stator flux linkage, is depicted in Figure 10, where the 
system response is seen in (a) and a more detailed view of the 
waveforms is seen in (b) with the differences coming from the 
flux produced by currents in the stator windings. The 
waveforms for vabcs can also be seen. The stator currents iabcs 
are also on display in these figures. The current waveform shape 
is caused from a combination of factors, but they are largely 
controlled by the effects of the diode rectifiers which are 
feeding a common dc bus 

 

 
(a) Stator machine variables Stator voltages vabcs . 

 

 
b) Variable Stator Current of Stator machine Obtained from 

Clarke Transformation 

Figure 10 (a) (b) 

 
Figure 11: size of the utilized Super Capacitor 

 
The result of the size of the utilized Super Capacitor on the 

efficiency of the analyzed method is evaluated. About three 
various Super Capacitors along with the energy evaluations of 
the 60 kW, 30 kW, and also 95 kW, are usually in turns utilized 
for the analyzed method. the relative dynamic reactions of the 
energetic energy given to the supply power main grid for about 
three various energy evaluations of the utilized Super 
Capacitor. This is visible through the plots proven in Fig.11 that 
as soon as the size of the utilized Super Capacitor is enhanced, 
the energetic energy given to the supply power main grid is 
finer, that illustrates the additional development in the 
efficiency of the analyzed method in case the greater Super 
Capacitor is utilized. 

 
Wave dc bus voltage 

 
Figure 12: DC bus voltage 

 

The DC bus voltage of wave is shown here in fig 12. The 

voltage is almost fixed to 24V for entire duration of 0.5 with 

little change initially.  
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Power of wave  

 

Figure 13: Wave power 

 
In the above figure, wave power is shown for the entire time 

period. Design of the wave generator was 100 kw. At the start 
power spikes but after that system is showing stable100 kw 
approximately.   

In figure 14, the photovoltaic irradiance at the range of solar 
cell is issued to the variants as demonstrated in Fig.14(a) while 
the wave energy is retained at the maximum intensity of 0.4 MN 
together with an interval of 10 seconds. The variants of the solar 
power irradiance are likewise supposed to consist of the 
substantial-consistency imbalances because of the rapid 
transforming of the local meteorological circumstances. 

 

Figure 14: Wave Force and PV Power 

 

CONCUSLION  

The detail study about stability of hybrid PV, Wave and 
wind energy system interlinked to grid has been given. A 
storage system for energy based on supercapacitor has been 
used to minimise the fluctuation of connected grid system. 
Moreover, to maintain the balance operation and achieving 
maximum power from the hybrid system connected to the grid, 
a control technique is suggested. Both root loci and time-
domain analysis of the mentioned system are performed to 
check the dynamic efficiency under different operating 
conditions. It can be summarized from outputs of the suggested 
control technique has the capability to maintain the balance 
operation of mentioned system.  
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