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Abstract—This paper aimed to evaluate the use of wind turbine 

storage systems to provide electricity in the distribution grid 

through a three-level inverter. The proposed system is composed 

by two wind turbine generators with MPPT (optimal torque 

control) control, two battery storage systems connected to each 

capacitor of the DC link and a three level diode clamped inverter 

connected to the grid by three phase transformer. The system 

operator controls the power production of the two wind turbine 

generators by sending out reference power signals to each input 

side regulation unit, the input side regulation units regulate the 

voltage of each capacitor of the DC link, regulate the voltage and 

the state of charge of each battery storage system. 

 

Keywords—Wind turbine generator, Permanent magnet 

synchronous generator (PMSG), Battery storage, three level diode 

clamped inverter, Space vector modulation. 

I. INTRODUCTION 

The use of the wind energy conversion systems has been 

considerably expanded over the last few decades, in the present 

work, wind turbines with variable speed are adopted, due to 

their advantages cited in [1]. Among problem related to 

variable-speed wind systems is presence of gearbox connecting 

wind turbine to generator [1], permanent magnet synchronous 

generators (PMSG) turns out to be increasingly attractive, due 

to reason cited in [1], [2]. Energy storage systems (ESSs) have 

some important applications in operations like grid 

stabilization, load shifting, grid operational support, smooth 

power injection to the grid. Several power smoothing methods 

have been introduced in literature [3]; Battery energy storage 

system (BESS) is selected as an energy storage medium and 

incorporated into wind farms for dispatching the wind power, 

and maintain power and energy balance as well as to improve 

power quality. Multilevel inverters appear to be a very good 

solution for renewable energy applications, various types of 

topologies are presented in the literature [4]. The diode clamped 

inverter topology appears to be more attractive for the reason 

cited in [5]. Different methods of modulation techniques exist 

to control the inverter they are developed in [4]. In this paper 

as shown in Figure 1, two variable speed wind turbine battery 

storage system connected to the grid with three level diode 

clamped inverter topology is presented, each turbine is 

connected to each capacitor of the DC link of the inverter via 

an AC / DC converter and for each of this capacitor of the DC 

link a battery bank is also connected, the inverter is controlled 

by a simplified space vector modulation and its output is 

connected to the network via a transformer. The proposed 

structure (connection of battery bank to each capacitor of DC 

link of the inverter) gives benefit of direct connection to the 

grid, reduced parts count, improved reliability and high power 

capacity and balancing voltages across each capacitor without 

using complex algorithm. 

 

 

Fig. 1 Global wind turbine connection system   
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II. MODELLING OF WIND ENERGY CONVERSION SYSTEM 

660kW PMSGs are used; the mathematical model and 

control strategies are widely developed in the literature, the 

model of PMSG-based wind turbines, including the electrical 

and mechanical part, control of power converters and grid side 

control are detailed in [6], while the model of the battery bank 

is explained in [7]. 

A. Multilevel inverter model 

The general structure of the multilevel inverter is to 

synthesize a sinusoidal voltage from several levels of voltages, 

typically obtained from capacitor voltage sources. The diode 

clamped inverters, particularly the three-level structure, have a 

wide popularity in motor drive applications besides other 

multilevel inverter topologies. However, it would be a 

limitation of complexity and number of clamping diodes for the 

DC-MLIs, when the level exceeds three. An m-level diode 

clamped inverter typically consists of m -1 capacitors on the 

DC bus and produces m levels of the phase voltage. A three 

phase three-level diode clamped inverter circuit diagram is 

shown in Figure. 2. Each of the three phases of the inverter 

shares a common DC bus, which has been subdivided by two 

capacitors into three levels. The voltage across each capacitor 

is 
𝐸

2
 , and the voltage stress across each switching device is 

limited to 
𝐸

2
  through the clamping diodes [4].  
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Fig. 2 Circuit diagram of three level diode clamped inverter 

Table 1 lists the output voltage levels possible for one phase of 

the inverter with source neutral as a reference. State condition 

‘1’ means the switch is ON and ‘0’ means the switch is OFF. 

Each phase has two complementary switch pairs such that 

turning on one of the switches of the pair require that the other 

complementary switch be turned off. The complementary 

switch pairs for phase leg a are (𝑆𝑎1, 𝑆𝑎3) and (𝑆𝑎2, 𝑆𝑎4). 

 

 

 
TABLE I. 

Diode clamped inverter voltage levels and switching states 
 

Switching 

symbol 

Switch state Voltage 

𝑉𝑎  𝑆𝑎1 𝑆𝑎2 𝑆𝑎3 𝑆𝑎4 

+ 1 1 0 0 𝐸

2
 

0 0 1 1 0 

 

0 

- 0 0 1 1 - 
𝐸

2
 

 

Using the complementary control between upper switches 

and lower ones, so to have:  

 

{
𝑆𝑘1 = 1 − 𝑆𝑘3
𝑆𝑘2 = 1 − 𝑆𝑘4

                                  (1) 

 

Where k= (1,2,…3) is the leg number. Assuming ideal power 

switches, connection functions are defined as follows:  

 

{
𝐺𝑘1
𝑎 = 𝑆𝑘1. 𝑆𝑘2

𝐺𝑘2
𝑎 =  𝑆𝑘3. 𝑆𝑘4

                                (2) 

 

Voltage of leg k (k=1,2,3) of three-level inverter relative to 

middle point O is given by the following equation: 

 

{𝑉𝑘𝑂 = (𝐺𝑘1
𝑎 − 𝐺𝑘2

𝑎 ) 
𝐸

2
                     (3) 

 

Output voltage of the inverter is given by:  

   

(

𝑉1
𝑉2
𝑉3

) =
1

3
(
 2  − 1   − 1
−1      2  − 1
−1 − 1        2

) (

𝑉1𝑂
𝑉2𝑂
𝑉3𝑂

)               (4) 

 

III. CONTROL OF WIND ENERGY CONVERSION SYSTEM 

A. Control of battery bank storage 

The schematic of the battery converter control is shown in 

Figure 3. The power output of the two wind turbines is 

controlled by supervision system controls by sending reference 

power for each of the two control unit on the input side such as: 

  

Prefi = 
𝑃𝑤𝑖𝑛𝑑𝑖

𝑃𝑤𝑖𝑛𝑑𝑔𝑙𝑜𝑏𝑎𝑙
  𝑃𝑔𝑟𝑒𝑓                         (5) 
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Fig. 3 Battery bank storage control 

The battery power reference is produced by the supervisory 

system. The corrector adjusts the current ibat in the aim to track 

the reference ibat ref, with an objective of charging or discharging 

the battery depending to the need. Figure 4 shows flow chart of 

operation of storage battery system. 
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Fig. 4 Operation of storage battery 

 

B. Control of inverter 

One of the most known control approach for multilevel 

inverters is known as SVPWM, which directly applying the 

control of the variable provided by the control system and 

identifies each commutation vector as a point in the complex 

area of (α, β). Three-level NPC inverter has 27 switching states 

like shown in Figure 5. Each phase arm of inverter consists of 

four switching element and has three different switching states 

that are +, 0, - representing positive, zero and negative 

switching sequences.  

 

 
 

Fig. 5 Three-level space vector diagram 

 

In this part, a simplified technique is used where the hexagon 

of Figure 5 is subdivided into six smaller two-level hexagons 

as it can be seen in Figure 6. 

 

 
Fig. 6 Simplification three-level space vector diagram 

 

The idea is to find in which two-level hexagon is located the 

reference vector to apply the SVPWM for two-level inverter. 

By knowing the position of reference voltage, we can determine 

in which two-level hexagon the tip of the reference voltage 

vector lies. Every hexagon is recognized by the angle 𝜃 such 

as: 
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{
 
 
 
 

 
 
 
 1 𝑖𝑓 

11𝜋

6
 ≤  θ < 

𝜋

6
  

2 𝑖𝑓 
𝜋

6
  ≤   θ < 

𝜋

2

3 𝑖𝑓 
𝜋

2
 ≤  θ < 

5𝜋

6
 

4 𝑖𝑓 
5𝜋

6
 ≤  θ < 

7𝜋

6
 

5 𝑖𝑓 
7𝜋

6
 ≤  θ < 

3𝜋

2
 

6 𝑖𝑓 
3𝜋

2
 ≤  θ < 

11𝜋

6
 

                         (6) 

 

After having selected a hexagon, the new reference vector V*’
s 

is calculated as follows:  

 
TABLE 2 

Correction of reference voltage vector 

Hexagon Vα
*’ Vβ

*’ 

1 Vα
* – 1/2 Vβ

* 

2 Vα
* – 1/4 Vβ

* - √3/4 

3 Vα
* – 1/4 Vβ

* - √3/4 

4 Vα
* – 1/2 Vβ

*’ 

5 Vα
* – 1/4 Vβ

* + √3/4 

6 Vα
* – 1/4 Vβ

* + √3/4 

 

C. Control of the grid side 

Our system must (PMSG / battery bank) inject sinusoidal 

currents (amplitude and frequency) same to those of network 

with the aim to generate the PMSG/battery bank active power 

to grid. Active and reactive powers are given using components 

of grid voltage current (𝑉𝑔𝑑 , 𝑖𝑔𝑑 , 𝑉𝑔𝑞and 𝑖𝑔𝑞) by [8]: 

{
𝑃𝑔 = 𝑉𝑔𝑑𝑖𝑔𝑑  +  𝑉𝑔𝑞𝑖𝑔𝑞  

𝑄𝑔 = 𝑉𝑔𝑑𝑖𝑔𝑞 − 𝑉𝑔𝑞𝑖𝑔𝑑
                      (7) 

 

By controlling 𝑖𝑔𝑑,𝑖𝑔𝑞 , references for active and reactive power 

can be obtained: 

 

{
𝑖𝑔𝑑 𝑟𝑒𝑓 =   

𝑃𝑔𝑟𝑒𝑓.𝑉𝑔𝑑− 𝑄𝑔𝑟𝑒𝑓.𝑉𝑔𝑞

 𝑉𝑑𝑔
2+  𝑉𝑞𝑔

2  

𝑖𝑔𝑞 𝑟𝑒𝑓 =   
𝑃𝑔𝑟𝑒𝑓.𝑉𝑔𝑞+ 𝑄𝑔𝑟𝑒𝑓.𝑉𝑔𝑑

 𝑉𝑔𝑑
2+  𝑉𝑔𝑞

2

               (8) 

 

Figure 7 shows us diagram of grid side control.  

Three level

Diode

Clamped

Inverter

Park

Decoupling circuit

SVM Inverter

Control

Qref

Grid

Rt      Lt

Power

Control Pref

Vgd Vgqigd igq

igdref igqref

Park-1

 Vgdref Vgqref

  Σ PI

     ωL
t

 Vgdref

Vgd igdref

igd

  Σ PI

igqref

igq

Vgd

 Vgdref

    -ωL
t

 
 

Fig.7 Diagram of the grid side control 

 

IV. SIMULATION RESULTS OF GLOBAL WIND TURBINE SYSTEM 

In this section, global wind turbine system is simulated 

using MATLAB- SIMULINK, variable wind profile is taken 

for each turbine as shown in Figure 8. 

 

 
Fig.8 Wind speed profile for each turbines 

Figure 9 shows the mechanical power for each turbine and a 

global power produced by the group of wind turbine, it can be 

noted that they depend on the variation of the wind speed.  
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Fig.9 Mechanical power 

The strategy adopted allows controlling the level of storage of 

each storage unit the wind productions are different and 

compensate the fluctuations of the wind power as illustrated in 

Figures 10-13. Positive power of battery banks means that 

power produced by wind generators is more than power 

demanded by consumers than the surplus is used to charge 

batteries, negative power of battery banks means that power 

produced by wind generators is less than power demanded by 

consumers; battery banks are used to inject the power deficit to 

grid. 

 

Fig.10 Battery banks voltage 

 

Fig.11 Battery banks state of charge 

 

Fig.12 Battery banks power 

 

 
Fig.13 DC bus voltages 

 

The injected currents are sinusoidal with a constant frequency 

(50 Hz) and have a good quality Figure 14.  

 

 

Fig.14 Grid current and voltage and their zoom 
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Reactive power is kept at zero (unity power factor) after 

charging the capacitor Also, the results show that the 

connection of multiple wind turbines using a single multilevel 

inverter can inject more power to grid as shown in Figures 15.   
 

 

 
Fig.15 Grid active and reactive power  

V. CONCLUSIONS 

This paper presents the study and the control of variable 

speed wind system with battery storage connected to grid, a 

wind energy conversion system based on PMSG was proposed. 

In order to maximize the extracted power from the wind, MPPT 

control with speed controller is applied, it is a simple and good 

control method with satisfactory dynamic performance. The 

PMSG was controlled by vector control; it gave good dynamic 

performances according to the wind speed variation. The use of 

a three level diode clamped inverter, with his simplified space 

vector modulation as a grid interface, gives good results in term 

of power quality, also, in this work, the aim was, to inject fixed 

power to the grid with a variable wind speed, Furthermore, the 

applied control strategies can benefit a high efficiency, 

especially by using the PMSG. The validity of the studied 

system has been verified by simulation results using Matlab 

Simulink. 

Appendix  

System parameter values:  

 

Turbine: Turbine radius R = 23.5m, Turbine inertia = 

222963 kg.m2, Air density ρ = 1.225kg/m3, Number of blades 

= 3. Grid: V= 690 V, f = 50Hz. PMSG : Rated power P = 

660kW, Stator resistance R = 0.01Ώ, d, q axis stator 

inductances Lds= Lqs =  0.001H, Magnetic flux Ψf= 2.57 Wb, 

Pair number of poles P= 64. DC bus:  Udc1 = Udc2= 900 V 
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