
International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-10, Oct.-2014 

A Dual Inverter Based Direct Integration Scheme For Mitigating Small-Period Power fluctuations In Wind Power Systems 
 

16 

A DUAL INVERTER BASED DIRECT INTEGRATION SCHEME FOR 
MITIGATING SMALL-PERIOD POWER flUCTUATIONS IN WIND 

POWER SYSTEMS 
 

1M.MEENA, 2N.VIJAY SIMHA, 3M.LAKHMI KANTHA REDDY 

 
1Student, Dept of Electrical and Electronics Engineering, C.R Engineering College, Chittoor, India 

2Assistant Professor, Dept of Electrical and Electronics Engineering, C.R Engineering College, Chittoor, India 
3Professor, Dept of Electrical and Electronics Engineering, C.R Engineering College, Chittoor, India 

Email: m.meena243@gmail.com, vijaysimha.eee@gmail.com, lkreddy.eee@gmail.com 
 
 
Abstract: The direct integration of energy storage devices has a quantity of advantages such as reduction in power losses, 
cost, and complexity. This dissertation for that reason presents a direct integration design used designed for super capacitors 
used in mitigating small-period power fluctuations in wind power systems. This design uses a dual inverter topology for both 
grid connection and interfacing a super capacitor bank. The major inverter of the dual inverter system is powered by the 
rectified output of a wind turbine-coupled permanent-magnet synchronous generator. The secondary inverter is directly 
connected to the super capacitor bank.  
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I. INTRODUCTION 
 
Small period power barter using super capacitors is 
actively pursued in wind power generation systems as 
manifest since the large number of techniques 
reported in the prose .These techniques can be 
separated into two major categories, depending on the 
way that super capacitors are joined to the wind 
power system. In the first type the super capacitors 
are connected to the intermediate dc link of the back-
to-back converter system as shown in Fig. 1(a) and 
(b). Even while the direct connection shown in Fig. 
1(a) is the simplest, it would be difficult to get the 
maximum use of the super capacitor bank due to dc-
link voltage boundaries imposed by the grid-side 
inverter. 
 
The property of this issue can somewhat be reduced if 
an middle dc–dc converter is placed linking the super 
capacitor and the dc link as shown in Fig. 1(b). This 
dc–dc converter needs to possess bidirectional power 
flow ability and thus requires at least two fast 
switching devices rated to the peak power. Moreover, 
the low-pass filter (LPF), comprising an inductor and 
a capacitor, degrades the dynamic response. 
Therefore, the interfacing dc–dc converter increases 
the system cost, power losses, and complexity. In the 
second type the common ac bus is used for power 
replace, as shown in Fig. 1(c), and it requires an 
additional dc–dc converter, a dc–ac inverter, and a 
coupling transformer. Therefore, in both cases, these 
extra converters effectively increase the overall cost 
and power losses, which would be absent if a direct 
integration scheme with full controllability is 
available. 
This dissertation therefore presents a direct 
integration design for super capacitors with the use of 
the grid-side inverter. The future inverter system is 

shown in Fig. 1(d), and it is formed by cascading two 
two-level inverters through a coupling transformer. 
The two inverters are named as the main inverter and 
the secondary inverter.  
The super capacitor bank is directly attached across 
the dc link of the secondary inverter. The dynamic 
behavior of the super capacitor voltage is handled by 
the inverter controller, eliminating the need for an 
additional boost converter. 
 
The major inverter is a high-power low-speed 
inverter which operates at fundamental frequency, 
producing square wave outputs. Harmonics produced 
by the square wave output are compensated by the 
low-power high-speed secondary inverter.  
 
II. ANALYSIS ON SUPERCAPACITOR 

CHARGING AND DISCHARGING 
PROCESS 

 
In the future system, the dc-link voltages of both the 
main inverter and the secondary inverter are 
permitted to vary separately and dynamically. As a 
result, the space vector diagram of the combined 
inverter takes different shapes at different dc-link 
voltage ratios as shown in Fig. 2. In Fig. 2, hexagons 
formed by the voltage vectors of the main inverter are 
named as major hexagons while the hexagons formed 
by secondary inverter vectors are named as sub 
hexagons. In the first five diagrams, shown in Fig. 
2(a)–(e), the secondary inverter dc-link voltage is 
assumed to be stable while the main inverter dc-link 
voltage varies. When the major inverter dc-link 
voltage decreases, the major hexagon shrinks, making 
more overlapping of sub hexagons as in Fig. 2(b) 
 
The opposite happens when it increases as in Fig. 
2(e). Circles marked in Fig. 2 indicate the path of the 
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reference voltage vector for this particular simulation. 
If the circle is within the major hexagon, as in Fig. 
2(c)–(e), obtainable wind power is larger than the 
amount of power injected into the grid.  V dc /V dc 
When the circle is inside the major hexagon, the 
super capacitor bank gets charged. On the other hand, 
if the circle is larger than the main hexagon, as in Fig. 
2(b), available wind power is not sufficient to meet 
the demand. Hence the deficit has to be supplied by 
the super capacitor bank by discharging its stored 
energy. In the second set of space vector diagrams, 
shown in Fig. 2(f)–(i), the major inverter dc-link 
voltage is set to a constant value while the secondary 
inverter dc-link voltage varies. Here, the path of the 
reference voltage vector is inside the main hexagon 
which results in a surplus of power. This excess of 
power is absorbed by the super capacitor bank. When 
it does so, sub hexagons get expanded. This results in 
an increase in overlapping of sub hexagons, as in Fig. 
2(f). If the charging is not controlled, sub hexagons 
can even extend beyond the origin Of the coordinate 
system .In such a case, the inverter output voltage 
waveforms get imprecise, but still, the fundamental 
component is controllable. A comprehensive 
discussion on charge discharge control of Super 
capacitors at such limits through power reference 
adjustment can be found in. With the facilitate of the 
aforementioned analysis, a simplified representation 
can be developed for the charging/discharging 
method of the super capacitor bank as follows. If the 
wind speed is high, the major inverter dc-link voltage 
goes up, and the major hexagon exceeds the circle. 
Then, the extra power is directed toward the super 
capacitor bank, resulting in an increase of its voltage. 
This yields an expansion of sub hexagons. On the 
other hand, if the wind speed is low, then the major 
inverter vector pattern shrinks, making the major 
hexagon to be inside the circle. 
 

 
Fig.1. Interfacing methods for super capacitor energy storage 
system.(a) Direct connection to the dc link. (b) Connection to 
the dc link through a dc–dc converter. (c) Connection to the 
common ac bus. (d) Proposed grid-side inverter with direct 

connection. 

 
Fig. 2.Space vector diagrams at different dc-link voltage ratios. 

(a)–(e) Varying  while  is constant. (f)–(i) Varying 
Vdcx while Vdc is constant. 

 
III. POWER SHARING MPPT AND 

GENERATOR-SIDE CONTROLLER 
 
The per-phase equivalent circuit of the dual inverter 
system is shown in Fig. 3 wherever the output voltage 

vector  main 

 
Fig.3.Per-phase equivalent circuit of the dual inverter 

 

inverter voltage vector  auxiliary inverter 
voltage vector   and the current vector (i) are 
also shown. The output voltage vector is 
corresponding to the count of the major inverter 
voltage vector and the secondary inverter voltage 
vector as in (1). The real power delivered to the load 
can be expressed as the dot product in (2). 
Furthermore, the output power is equivalent to the 
sum of the main inverter power and the secondary 
inverter power as expressed in (3). Equations (4) and 
(5) show the relationships between inverter voltage 
vectors and corresponding switching states. With the 
help of these five equations, an expression can be 
derived for the power of the auxiliary inverter, i.e., 
the super capacitor power, as in (6). 
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Where v M, PM, and SiM (i =1, 2, 3) represent the 
main inverter voltage, power, and switching function 
while those of the auxiliary inverter are given by 

 and respectively.   

represents the output voltage, and  represents 
the real power flow to the grid. 
According to (6), it can be deduced that, for a given 
output power, super capacitor power varies with the 
major inverter dc-link voltage  hence, super 
capacitor power can be controlled by controlling the 
major inverter dc-link voltage Furthermore, according 
to (3), for a given output power, the major inverter 
power solely depends on the auxiliary inverter 
 

 
Fig.4. Controller block diagram of the proposed system. 

 
Power .hence, the maximum power point of the wind 
turbine can indirectly be tracked by changing the 
major inverter dc-link voltage. The usual practice is 
to maintain this voltage at a constant level with the 
help of a controlled rectifier or a boost rectifier placed 
between the main inverter and the wind turbine 
generator (WTG) system. However, in the proposed 
system, the boost rectifier is used to vary the main 
inverter dc-link voltage and thus indirectly track the 
greatest power point of the WTG. The controller 
block diagram for this in direct maximum power 
point tracking (MPPT) is shown in Fig. 6. In this 
controller, the measured wind speed and the 
parameters of the turbine model are used to derive a 
power reference for the generator-side converter. The 
actual generator power is compared with the 
reference, and the mistake is fed into a proportional–
integral (PI) controller which generates a voltage 
reference for the boost rectifier. This voltage 
reference is normalized to produce the modulation 
index for the boost rectifier. 
 
IV. MODULATION AND CONTROL OF 

THE GRID-SIDE INVERTER 
 
In the future system, the major inverter is operated in 
the six-step mode, which moves slowly from one 
vector to the next. This generates square wave 
outputs from the major inverter which get 
smoothened by the secondary inverter. Owing to this 

low-frequency operation, the major inverter switching 
losses get reduced. The secondary inverter, which 
acts as an active filter, is operated at high switching 
frequency by utilizing a space vector modulation 
(SVM) method. Therefore, the overall modulation is 
a combination of the six-step mode and SVM. More 
information on this combined modulation technique 
can be found. 
 
The grid-side inverter controller employs an inner 
current controller and an outer power controller as 
shown in Fig. 4. The grid voltage and current injected 
into the grid are converted into the synchronous 
reference frame. The direct component of the inverter 
output current  controls the active power trade 
with the grid while the quadrature component  
controls the reactive power. Therefore, to generate a 
reference for the direct current component, the 
instantaneous active power of the generator-side 
converter is passed through an LPF .The quadrature 

current reference  is set to zero to keep the power 
factor at the grid connection point at unity. These 
active and reactive current references  are 
then compared by means of actual current 
components, and the errors are conceded through PI 
controllers to produce voltage references 

 respectively. Equations (7) and (8) are 
then used to calculate the amplitude and angle of the 
reference voltage vector. In (8), θ is the initial phase 
angle of the reference vector  

 
 
V. SUPERCAPACITOR SIZING AND 

IMPLEMENTATION ISSUES 
 
The major reason of power fluctuations is the change 
of wind speed. Hence, the capacity of the energy 
storage system is also a function of the wind speed 
variation. In order to analyze this relationship, the 
wind is modeled as the sum of a dc quantity and a 
series of harmonics as in. In the following simulation, 
the wind speed fluctuation is assumed to be 20% of 
the mean value as in (10). The power captured from 
the wind can be expressed as in (11). 

 

Where  is the instantaneous wind speed,  is 
the mean wind speed,  is the harmonic 
amplitude,  is the angular frequency 

  is the 
density of air, A is the swept area of wind turbine 
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blades, and  is the coefficient of power 
conversion. 
Power fluctuations caused through the 
aforementioned wind speed change contain to be 
compensated through the energy storage system. 
Hence, the required capacity of the super capacitor 
bank is determined according to 

 
where  is the sum of energy taken 
away from the super capacitor during the discharging 
period,  are the starting time and end time 
of the discharging period, respectively, and 

 are the starting and end values of the 
super capacitor voltage. 
Super capacitors act as resistors on high frequencies 
(typically beyond few tens of hertz). Hence the future 
system requires an electrolytic capacitor to assist 
super capacitors at high frequencies. 
 
VI. SIMULATION RESULTS 
 
The proposed direct integration scheme has been 
tested using computer simulations on 
MATLAB/SIMULINK and the results are shown 
below: 

 

 
auxillary output 

 
boost converter 

 
capacitor charging and discharging 

 
current measurement 

 
CONCLUSION 
 
The undeviating integration of energy storage devices 
has a quantity of advantages such as reduction in 
power losses, cost, and complexity. Hence in this 
dissertation, the unpopular dual inverter topology was 
modified to attach a super capacitor bank directly into 
the dc link of the secondary inverter. The function of 
the future system was discussed in detail. 
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