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Abstract: In this paper we present a modeling approach to a system for renewable energy generating including the loss of all
the generation chain. The choice of the energy generation chain components is conducted taking account of the possibility to
achieve high current to recover high power in the one hand and the simplicity of the chain structure and of its components in
order to reduce the cost of production in the other hand. The implementation of the global model in the simulation environment

Matlab Simulink has led to very good results of simulations encouraging the industrialization process of this chain.
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1. Introduction

In this paper we present a parameterized model of the
generation chain of renewable energy. This step is conducted
in parallel with a synchronous generator design stage
dedicated to the generation of energy [1-3].

Energy generation chain is subdivided into modules and
each module is modeled at Matlab-Simulink simulation
environment. The coupling of different models leads to overall
power generation chain model.

This paper is mainly articulated around the following
points:

* A presentation of the model approach to the different

modules of the energy generation chain.

* Implementation of the global model in the Matlab
Simulink simulation environment.

¢ A description of the simulations results.

2. Conversion Chain Structure

Conversion chain (figure 1) has a propeller to recover the
energy generated by wind, this mechanical energy is
converted into an alternating electrical energy via a gear speed
amplifier and a permanent magnets synchronous generator.
The electrical energy developed is also converted into DC
power through a three-phase rectifier.
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Figure 1. Structure of the renewable enrgy system.
supper-capacity to increase storage capacity. The Simulink
3. Model of the Battery model of the battery is shown in Figure 2 [1, 2].

The energy accumulator comprises batteries in parallel with
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Figure 2. Model simulink of the batteries.

C1 is a capacity to take into account the transitional
arrangements.
Ri is the internal resistance of the battery.

4. Equations of motion

The equation that governs the motion of the rotating parts of
the energy generation chain is derived from the fundamental
dynamics relationship:
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Where J is the moment of inertia of the rotating parts, rq is

the speed amplification ratio, T, is the torque imposed on the
motor shaft caused by the movement of wind, T, is the

electromagnetic torque, Ty, is the torque due the mechanical
losses and Ty, is the torque due to iron losses [4-12].
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Where e; and i; are respectively the induced electromotive
force and the current of the phase i.

Where 1.918 is a coefficient that depends on the kinetic
energy of the wind and pale properties, R;, is the pale ray and
Vyent 18 the wind speed.

The implementation of this equation in the environment
MATLAB / Simulink is illustrated in Figure 3:
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Figure 3. Simulink model of the motion equation.
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5. Model Electromotive Forces

The three induced electromotive forces are estimated from

the following three equations [4-12]:
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Where K, is the electromotive constant and € is the angular
velocity of the generator.
The Simulink model of the electromotive forces is
illustrated by the figure 4:
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6. Model of Generator-Rectifier Unit

The generator phase voltages are given by the following

relationships [4-12]:
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Figure 4. Simulink Model electromotive forces.
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) di, through a PD3 rectifier. The rectified voltage is filtered by a
Vs TRy + (L - M)XE *es © capacitor. The output voltage of the rectifier attack directly the
batteries for recharging:
Where R, L and M are respectively the phase resistance, Simulink model of the generator-rectifier assembly is
phase inductance and phase mutual inductance. shown in Figure 5 [1, 2].
The three phase voltages are converted into a DC voltage
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Figure 5. Simulink model of the generator-rectifier.

. The global model of the energy generation system is based

7. Global Model of Energy Generation on the connection of the different Simulink models of the

Chain chain components make up this chain according to Figure 6
[1-3]:
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Figure 6. Simulink model of global energy generation chain.

Figure 7 shows the electromotive forces induced by the

8. Description of Simulation Results generator:
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Figure 7. Induced electromotive forces.
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The amplitude of the electromotive forces is relatively high, ~ voltages of the generator at battery charging phase.
which is explained by the insert made of a gear amplifier with

Figure 8 illustrates the phase voltages of the generator:
amplifying ratio ry = 8. This is to compensate the drop of phase
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Figure 8. Phase voltages generator.
The amplitude of the phase voltages is reduced relative to

Figure 9 illustrates the phase currents begun by the
the amplitude of the electromotive forces since the voltage

generator:
drop across the phase resistance is important.
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Figure 9. Phase currents of the generator.

The amplitude of the generator phase currents depends

The battery charging voltage is shown in Figure 10:
primarily on the internal resistance of the battery and of the
rectified voltage.
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Figure 10. Battery charging voltage.

This voltage is maintained continuously since it is applied
directly to a super-capacity. The amplitude of this voltage
allows for continuous charging of the batteries as the nominal
battery voltage is 220V significantly below to this voltage.

The power generated by the wind and the power recovered
by the batteries are illustrated in Figure 11:
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Figure 11. Wind Power and power recovered by the battery.

This figure watch that the power transferred to the batteries
is lower than that developed by the wind, which is explained
by the different losses of energy generation chain.

The current charging the batteries is shown in Figure 12:
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Figure 12. Recharge current of batteries.

The energy recovered by the batteries is shown in Figure
13:
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Figure 13. The energy recovered by the batteries.

This energy is approximately 34 kw.h, important value
which validates the performance of the designed generation
chain.

9. Conclusion

In this paper we have described a modeling approach of a
renewable energy generation chain implanted under the
Matlab Simulink simulation environment. This approach is
consistent with optimization algorithms, for example, the
recovered energy. Simulation results are with good scientific
level and validate the synchronous generator design approach
dedicated to the generation of renewable energy. The system
studied can be used in charging stations for electric cars.
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