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Abstract – In this article, we study the similarities between 

wind and tidal systems in order to contribute to the new 

developing concept of coupling electromechanically these two 

systems. We have developed the emulation approach of wind 

and tidal hybrid system coupled mechanically on a single 

asynchronous generator shaft. The wind and tidal emulators 

are running on virtual time approach that we call "accelerated 

time", in order to save calculation time and to study the 

simulation effects on the energy potential determination for a 

given site. Numerical simulations, performed in MATLAB / 

Simulink
®

 environment, and experimental tests are executed in 

a real time simulation. The obtained results are presented and 

discussed. 

 

Keywords—wind turbine; tidal turbine; hybrid system; real time 
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I. INTRODUCTION 

 Recently, harvesting energy from wind and tidal sources 

has attracted considerable interests due to the concerns about 

pollution of energy resources and greenhouse gas emission 

caused by consuming conventional power resources. Among 

sustainable energy resources which are being studied by many 

industrial and academic groups, ocean energy is considered to 

be inexhaustible, abundant and potentially cost competitive, as 

oceans cover almost 70% of earth’s surface [1]. The main 

challenge of replacing traditional resources with more 

environmentally friendly alternatives is how to capture 

maximum energy and deliver it at minimum cost. A 

combination of wind and tidal resources represent promising 

alternatives to fossil fuel based energy supply. However, still a 

lot of work needed to be done to make tidal and wind energy 

systems practically efficient and reliable [2]. 

The tidal turbine technologies are expected to mature more 

quickly because it is possible to use a number of reliable and 

proven techniques developed for wind energy. Research group 

in GREAH has developed a multi-function emulator in order to 

investigate the characteristics and behavior of the new of 

wind/tidal hybrid power system [3, 4]. Many researches have 

been carried out in this area of wind/tidal hybrid energy 

systems [5]. 

In this paper, electromechanical coupling of wind-tidal 

hybrid energy system is developed in correlation with electrical 

generation management according to the concept of 

decentralized power generation. Sizing of the real-time 

simulation platform is determined based on multi-tests 

performed on the existing simulator in the GREAH laboratory.  

The development concentrated on the integration of hybrid 

wind-tidal energy systems in electrical grid both (mini and 

isolated grids) regarding to the concept of “Green Island”.   

II. COMMON PRINCIPLES OF  WIND-TIDAL 

TURBINE ENERGY SYSTEM 

The concept of tidal turbine is very close to that of a wind 

turbine. Consequently, fast developments are expected for tidal 

power generation system, depending on the already developed 

technologies of wind power systems. 

Both wind and tidal horizontal turbines function on the 

same principals of energy conversion:  

Kinetic energy of a fluid is converted into mechanical 

energy then transformed into electrical energy. We consider 

turbines with a horizontal axis, so the tidal conversion chain is 

similar to that of the wind energy conversion chain, the main 

systems being the same, and the resources obviously different 

(wind and marine currents). 

Due to the intermittent of the natural resources, these 

resources can be modeled as nonlinear input with different 

statistical properties. 

Power coefficient Cp is a function of the capability of wind-

tidal turbine to convert energy in the fluid into mechanical 

energy. The evaluation of this coefficient is based on the 

theory of Rankine-Froude of wind turbine in incompressible 

fluid [6]. 

Based on this theory, we have developed simulation 

software that makes it possible to obtain the static power-

velocity characteristics of the proposed hybrid power system.  

The qualitative analyses takes into account the velocity of 

wind vector in respect to the turbine blades in horizontal axe, 

for a section of blade at a distance r from the axes of rotated 

propeller.    

In the case where the static characteristic of the turbine is 

not given, the adopted approach is to develop an algorithm to 

model a wind turbine with variable pitch angle, starting from 

its constructive characteristics. 

This algorithm allows generating the main and essential 

characteristics of the turbine: 

- Power coefficient:    ,pp CC  ,  

- Torque coefficient:   mvCC ,, 
. 

This algorithm allow us to calculate the instant torque 

coefficient C
 as function of wind or tidal speed v, as well as 



the rotation speed of the turbine’s rotor Ω, and angle of 

incidence β [7]. 

 

By integrating the cord length of the blade, the lift and drag 

force is obtained:  
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Where: 

Cx and Cz are, respectively, the dimensionless coefficients, of 

drag and lift forces. 

A, is the surface of the blade (the chord multiplied by the blade 

length), 
  Air density,  

L lift force and D drag force. 

Figure 1 and Figure 2 present power characteristics of 

simulated wind turbine and tidal turbine used in the study. 

 
Fig. 1 Mechanical Power – rotation speed of the wind turbine 

 
Fig. 2 Mechanical Power – rotation speed of the tidal turbine 

III. SYSTEM DESCRIPTION 

Figure 3 explaines the schematic diagram of the proposed 

wind/tidal hybrid power system under investigation.  

The proposed system is composed of two main systems: 

a) Software simulator, it generates signals that serve as 

references (set-points) to the hardware subsystem, with the 

smallest possible errors. 

b) Multi-variable hardware servo system, which receives the 

signals generated by the software simulator with the smallest 

possible errors. 

 

Figure 3  Schematic diagram of hybrid power system 

Hardware subsystem consists of: 

- Electrical motor with vector control: it is a 4-pole 

asynchronous machine with a power of 2.2 kW which is used 

to drive the asynchronous doubly-fed generator DFIG. It is 

powered by a built-in frequency converter, to allow the 

adjustment of its speed. It represents the tidal turbine by 

reproducing on its shaft the static characteristics of the turbine. 

 

- Asynchronous generator Doubly-Fed Induction Generator 

(DFIG) connected into electrical motors from both sides of its 

shaft, those two motors considered as load and prime mover 

[8]. 

 

- An "active" brake: it is a synchronous machine used to 

generate a variable moment of inertia on the shaft of the 

turbine, auto-controlled and auto-cooling, capable of providing 

the nominal torque over the entire rotational speed range 

required for the experiment. This machine is also used for wind 

turbine simulation during the study of mechanical coupling of 

the hybrid system on the DFIG shaft. 

 

- Power converter block AC/DC & DC/AC integrated in the 

unite of the simulator  

 

Software subsystem consists of the following: 

- A computer on which the wind and tidal turbine simulated 

and static characteristics are implemented. 

- dSPACE unite: it is a set of hardware and software 

components provided by dSPACE. The hardware components 

consist of: a DS1103 main board for rapid prototyping and 2 

interface boards with the PC [9] [10].  

IV. METHODOLOGY OF SIMULATION  

A. Simulation of wind profiles in time acceleration  
In order to prove the effectiveness of the proposed time 

acceleration strategy, software and experimental tests have 

been carried out for a wind profile, generated by software 

program developed in GREAH laboratory. 

- Five hours of wind data is generated, with average wind 

speed 9.8 m/s.   

- New wind profiles of different data size are generated by 

calculating the average wind speed of the original wind 

profile. 

- The original and extracted wind profiles are used as an input 

into the wind turbine, simulated in MATLAB/Simulink 
®
.  

- The wind turbine parameters and simulation results are 

presented in section simulation and analysis. 



B. Simulation of electromechanical coupling based wind-

tidal hybrid power system 

The new concept concerning electromechanical coupling of 

hybrid wind-tidal is realized by fixing “wind and tidal 

turbines” on doubly fed induction generator shaft. 

Regarding to electro-mechanical coupling, there are two 

modes of operation: 

 Simultaneous mode: where the two turbines operate at the 

same time, and produce exploitable mechanical energy. 

 Single mode operation: where only one turbine can be 

connected to the electrical generator shaft.  

- Both turbines have three blades and are considered at 

constant pitch angle. 

- Hardware In the Loop Simulation HILS concept is used to 

execute the proposed hybrid power system. 

- The wind turbine is represented by vector-controlled 

servomotor. 

- The tidal turbine is represented by synchronous permanent 

magnetic machine.  

- Simulated wind and tidal profiles have been used to turn the 

designed software turbines. 

- In this experiment the simultaneous mod is implemented. 

- Results are presented in section V.  

V. SIMULATION AND ANALYSIS 

A. Simulation in Time Acceleration  
The proposed wind profile is generated by software 

developed in GREAH designed especially for real time 

simulators existing in the lab. The characteristics of the wind 

turbine used in simulation are given in table III. 

The following paragraphs show the simulated responses of 

the suggested wind profiles and the output mechanical power 

of the wind turbine. 

A wind profile model of 18000 samples is given in Fig. 4 

with average wind speed 9.8 m/s, the generated mechanical 

power presented in Fig.5 around 654W average generated 

power, at speed rotation shown in Fig. 6 with an average of 

505 RPM. 

A new wind profile of 300 samples in Fig.7 is generated 

from the original wind profile mentioned above. The generated 

mechanical power presented in Fig.8 with an average power 

(638W) at speed rotation average (504.4W) RPM see Fig.9 

resulted rotation speed.  

 
Fig. 4. Wind profile 18000 samples  

 
  Fig. 5. Generated Mechanical Power  

 
Fig. 6. Generated Rotation Speed  

 
Fig. 7. Wind profile of 300 samples  

 
Fig. 8. Generated Mechanical Power  

 
Fig. 9. Generated Rotation Speed 504.4(RPM) 



Table I compare the obtained mechanical power of the 

software and experimental, for a different wind profiles based 

time acceleration method.   

Table I software & experiment average power  

Wind 

profile 

Software Experimentally  Error 

% Av. Power Av. Power 

18000s 654W 641W 2% 

300min 638W 619W 3% 

60min 632W 626W 1% 

   10min      622W 637W 2.4% 

In table II, the full data size wind profile (18000 second) 

compared to the extracted wind profiles (300, 60, and 10 

minutes), in experimental, and the percentage error between 

the obtained results. 

Table II experimental results of time acceleration method 

Time  18000 sec 300 min. 60 min. 10 min. 

Av. Power 641w 619w 626w 637 

Error %  3.43% 2.3% 0.6% 

B. Simulation of Electromechanical coupling of 

hybrid wind-tidal power system 

The proposed electromechanical coupling of the hybrid 

offshore wind-tidal power generation system is implemented 

using Hardware In the Loop Simulators (HILS) available in 

GREAH. 

 The wind turbine model is built in MATLAB/Simulink
®
. 

The parameters of the wind-tidal turbines and electrical 

generator are given in table III. 

Two stochastic wind and tidal profiles have been used as 

input to the proposed power generation system. 

 

Figures 10 and 11 present the generated power supplied by 

each turbine individually to the power grid. Whereas, fig. 12 

presents the power generated by electromechanical coupling of 

the hybrid power system 

 
Fig. 10. Power Generated by Wind Turbine only 

 
Fig. 11. Power Generated by Tidal Turbine only 

 

From figures 11 and 12 shown above it is clear that there 

are some intervals when there is no power generated (positive 

values mean no power is generated). In other words, means 

that the speed of wind or tidal is less than the power generation 

speed. 

Fig. 12 shows the electrical power generated by 

electromechanical coupling; there are some intervals when 

there is no power generated. 

 
Fig. 12. Power Generated by Electromechanical Coupling 

 

VI. CONCLUSION 

We have studied a new concept of electromechanical 

coupling of hybrid wind-tidal energy system based on the 

flexibility of a multi-physics platform developed in GREAH 

laboratory allowing various emulation architectures: wind 

turbines, tidal turbines, wind turbines - tidal turbines. 

Two scenarios of coupling could be developed: 

simultaneous connection and single connection using clutch 

system. 

 

Only the first scenario was conducted experimentally in 

this work, where the two turbines were coupled simultaneously 

on  a doubly fed induction generator shaft, the obtained results 

shows that there are some intervals when the system is more 

stable and generates power most of the simulation time. In 

order to improve these situations a specific supervision 

structure has to be conceived. The first step was to gain time in 

simulation and calculation.  

For this purpose we present a methodology that we have 

called "accelerated" time simulation and its experimental 

validation. We have shown by numerical simulation and 

experimental simulation that, instead of using a wind profile 

with 18.000 samples, we can reduce the number of samples 

and perform the simulation. We obtained practically the same 

average values of power and rotation speed, with differences 

not exceeding 5%.  

 

Subsequently, we performed the experimental simulation of 

a hybrid wind-turbine system, the two turbines being 

mechanically coupled to the shaft of a single double feed 

asynchronous generator. In order to demonstrate the feasibility 

of this concept, the results obtained are correlated with wind 

and sea current profiles whose energy potentialities and 

statistical properties are complementary. 

 

 



 

 

 

 

 

APPENDIX 

The parameters of the wind – tidal turbines and electrical 

generator used in simulation for both time acceleration and 

electromechanical coupling of hybrid offshore wind tidal 

power generation system are listed in the table below  

Table III parameters of the proposed system 

Wind Turbine 

Blade’s length  1.5 m 

No, of blades 3 

Cp max. 0.33 

Specific speed ratio   5.655 

Power 3 KW 

Tidal Turbine 

Blade’s length  0.40 m 

No, of blades 2 

Cp max. 0.208 

Specific speed ratio   5.7 

Power 3 KW 

Doubly Fed Induction Generator 

Rated power 1500 W 

Inertia 0.006 kg.m
2
 

Pole pairs 2 

Nominal rotation speed 1500 RPM 

Stator resistance 9 Ω 

Rotor resistance 9.8 Ω 

Mutual inductance 0.63 H 

 

 
Fig. 13. Emulator of wind/tidal power generation system in     

GREAH 
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