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Abstract— This paper presents system stability analysis of DFIG based wind energy conversion system.
Presently for variable wind speed DFIG is considered as efficient machine to generate the power. In
addition to this advanced AC/DC/AC converters with closed loop control system has been presented. For
stability analysis 1.5MW wind turbine has been considered. As the speed of the wind varies by + 18% to
20% the voltage generated will also varies by + 18 to 20%. With the aid of precise converter design it is
possible to achieve stable output at the grid. From the simulation results it has been found that the
method of achieving stable output at the grid is best suitable for wind energy conversion system.
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I. INTRODUCTION

Wind energy is one of the major sustainable energy resources. Wind energy is clean and renewable. Wind
energy conversion system makes use of modern power electronics knowledge and control [1]. Presently wind
energy conversion has attracted worldwide attention for research and development. Therefore, the design of
wind turbine is a very popular research area. The DC power produced by renewable energy has to be converted
in to AC power by means of modern power electronics and control system. DC power can be converted in to AC
power using inverters. Depending upon the mode of operation two types of inverters are required, namely (i)
standalone mode inverter and (ii) grid connected inverter. Conversion efficiency is a significant factor for both
the types of inverters.

The advancement in technology in designing wind mill blades, wind turbine generators, power electronic
converters, and thyristerized control system have provided fast growth for large scale wind power generation [2-
3]. Modern Wind generators incorporate wide range speed control techniques such as blade pitch control or
make use of power converters in order to control the output power of the wind turbine. The speed control
technique of wind turbine and the grid integration of wind power system is of vital importance, which will be
carried out by power electronic devices. Also since the wind speed is uncertain, the power quality and reliability
of wind power needs detail evaluation with suitable control schemes. The rapid growth in large scale wind
power has made researchers to develop low cost power converters with high power density and reliability. This
paper presents modern power converter technology of high power density and reliability as required by the wind
energy conversion system.

Il. WIND ENERGY SYSTEM

The world's environment can be demonstrated as a colossal warmth motor. It removes vitality from one store
(the sun) and conveys warmth to another repository at a lower temperature (space). Simultaneously, work is
done on the gasses in the air and upon the earth-air limit. There will be areas where the pneumatic stress is
incidentally higher or lower than normal. This distinction in gaseous tension causes atmospheric gasses to flow
out of the area of higher weight to that of lower weight.

Around 3,850,000 exa joules (EJ) of solar energy per annum is consumed by earth, oceans and the environment.
Yearly energy diagram of the same is as appeared in Table I. The whole world's electrical energy is 56.7 EJ,
which is less than 1/10,000 accessible solar energy of 3,850,000 EJ. This information demonstrates that sun
oriented and wind energy can be adequately utilized and thus necessity of electrical power won't be an issue.
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TABLE 1 Annual Solar Flux and Consumption of Energy

Sl. No Description Value
1 Energy from sun 3,850,000 EJ
2 Wind energy 2,250 EJ
3 Biomass energy 3,000 EJ
4 Primary energy use 487 EJ
5 Electrical energy 56.7EJ

Wind energy is clean and renewable and in recent times its application has attracted worldwide attention. As
a result, the design of wind energy conversion system has become one of the most popular research area. The
wind turbine extracts the power from the wind which depends on the following factors.

e Availability of wind power.
e  Machine ability to respond to the wind perturbations.
e  The characteristics of the machine.

In 1890 first wind energy conversion system was operational in rural USA. Today wind turbine of
capacity 1 to 3MW has been successfully installed worldwide. Also since 1980s capital cost and running costs
of wind power technology is reduced by almost 80% globally, and presently grid integrated wind power
generation system has been increased to 95%. As a result, wind power plant has become highly competitive over
nonrenewable power plants [4-7]. Table 2 provides evolution in wind power technology.

TABLE 2 Development of wind energy conversion system

S1. No | Wind energy details 1980 1999 2015

1. Power range of wind turbine | (50 — 150) KW (300 -1,000) KW (500-3,000) KW
2. Average capability feature 15% 25% to 30% >95%

3. Life span 5 to 7 years 20 years 30 years

4. Per KW capital cost (2,000- 3,000) USD (500 -700) USD <400USD

5. Per unit cost of energy (0.35-0.40) USD (0.35 -0.40) USD (0.35-0.40) USD
6. Accessibility 50 to 65% 95% >95%

Major features which contributed to the wind energy technology developments are as below.
e Huge low cost blades made up of superior strength fibre amalgam.
e Development of Variable speed wind generators.
e  Advancement in microelectronics and control and its cost.
e Improved reliability and efficiency.
e Development of precise system modelling and simulation

Today with the advancements in large low cost blade design, wind generators and power electronics and control
it is possible to produce wind power in large scale. The advancement in microelectronics and control is of
essential significance for the innovation of wind energy conversion system. In particular speed control of the
wind turbines and grid interfacing is of major importance. Presently, blade pitch control or power converter
inversion technology has been incorporated by the wind generators to adjust the power output of the variable
speed of the wind turbines [8-12]. Because the wind speed is fluctuating, the reliability and quality of the wind
power requires detail evaluation and for power conditioning suitable control schemes are to be adopted. Types
of wind power systems are standalone, hybrid and grid connected.

I11. DESIGN CONCEPT OF WIND ENERGY SYSTEM
The wind turbine which produces the mechanical power, a cubic function of wind speed is given by
P, =0.5C AV °p )
Where power coefficient = C,,
Area swept by rotor of the wind turbine, m? = A,
Speed of the wind, m/s = U.

The dynamic efficiency of the rotor is calculated by means of suitable expression for C, with a function of pitch
angle for variable speed wind turbine.

DOI: 10.21817/ijet/2017/v913/170903S085 Vol 9 No 38 July 2017 563



ISSN (Print) :2319-8613
ISSN (Online) : 0975-4024 K. Latha Shenoy et al. / International Journal of Engineering and Technology (IJET)

The power coefficient C,, is the ratio of power available at the shaft to the available wind power which is given
by

C—_m 2

P 0.5p AP

Power curve of the wind turbine is as shown in figure 1. The power generated by wind turbine doubles as the
area swept by wind mill blade doubles. Therefore, as the wind speed doubles, output power will increment by
eight times.
The figure 2 shows different power curves of a wind turbine [13-18]. At various wind speeds, if the operating
point is along the maximum power locus, which will be carried out by controlling the load on the wind turbine,
then the wind energy system will be highly efficient. Figure 3 shows production of wind.

T Aerodynamic power

Rated power Wind turbine power
Power 1 / \

Cut-in Cut-out

‘Wind speed —_—
Fig 1: Wind turbine power curve

The wind speed is disturbed and is represented as the Weibull probability density function as shown in Equation
(3) and Figure 4 shows Weibull probability function.

k-1 v)? (3)
k(v e
f(vy=—|—| e
c\C
Where k = shape parameter,
v = wind speed and ¢ = scale parameter.
The air stream through the wind turbine is given by
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Fig 2: Turbine power vs. generator shaft speed curves Fig 3: Wind production

Fig 4: Weibull probability density function

Figure 3 shows the air flow through the wind turbine. The power drawn by the wind turbine is given by

P :%m(v2 —vj) ©)
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Fig 5: Air stream through the wind turbine
Where,
p = air density
A =rotor area
vy = turbine wind speed
v = inlet wind speed
v4= blow-out wind speed.
According Betz’s law wind power is given by
_ 2,3 9
P =0.5p[R*'C, )
here R = radius of the windmill.
The air density is given by
P (10)

=353—
P T

The unit of p is kg/m’.
IVV.GENERATORS FOR WIND SYSTEM

Induction Generators and Permanent Magnet Synchronous Generators (PMSG) are generally used for wind
energy applications. This is because of their simplicity in construction, low maintenance, ruggedness and cost
effectiveness. For fixed speed operation, wind turbine with synchronous generators is used, which can operate at
any power factor. Whereas wind turbine with induction generators will supply only active power and at the
same time it consumes the reactive power. Considering the similar size and high power rating, the synchronous
generators are more expensive than induction generators. Also for grid connected applications, synchronous
generators are connected through the power converters to the grid. There are various methods to operate the
Variable Speed Wind Turbine (VSWT). One among them is dynamic slip control which uses doubly-fed
induction generators (DFIG). But for operation of DFIG reactive power is required. A gear box is necessary for
the wind turbine which makes use of induction generators. But the drawbacks are more cost, extra losses and
regular maintenance.

e A wound rotor induction generator with rotor side control is useful for large scale wind power
generation, because of variable speed constant frequency (VSCF) operation. The advantages of wound
rotor induction generators for VSCF are Enhanced wind energy capture.

e  Without any modifications of construction, there will be increase in shaft power of the induction
generator.

e  Turbulent wind energy can be captured by a variable speed turbine.
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e  Superior grid quality and efficient operation.
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Figure 6 shows the block diagram of the wind power system. Advancement in power electronics and control is
of vital importance for implementing variable speed operation. It is because of this technology wind energy
conversion system has made a significant advancement. In order to meet the requirements of the present power
generating systems, the know-how of power electronics has to be developed right from the devices to the system

network. The requirements of advances are as listed as below.

e Modular type power converters. Modular system with high power density will offer flexibility and

efficiency for high power wind generation systems.

e  The requirement of integration of other renewable energy sources like photovoltaic and fuel cell with

cooling technologies are to be dealt with.

e Incorporating new superior switching technology with enhanced temperature capability.
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Figure 6: Configuration of the wind turbine power system

V. ILLUSTRATION OF WIND ENERGY CONVERSION SYSTEM

The detail technical specifications of wind power system are shown in Table 3.

The following parameters have been calculated for the above technical specification.

TABLE 3 Wind generator parameter calculation

SI No Description Values Units

1. Slip of generator 0.05 --

2. Mechanical power converted | 465.54 KW
into electrical power

3. Rotor injected voltage using v :lv Volts
turns ratio 3

335/-8.57°

4. Frequency of the rotor injected | f, =sf, Hz
voltage 0.05%50=2.5

5. Real power absorbed by rotor | - 46.6 KwW
converter P,

6. Reactive power injected, Qr 8.25 KVAR

7. Real power drawn from the | -443.442 KW
grid
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TABLE 4 Details of wind power system

Technical details Specifications Technical details Specifications
Turbine type Horizontal-axis No. of blades 2-blade system
Diameter 50 Meter Height of the tower 70 Meter
Efficiency of turbine 45% Efficiency of gearbox 85%
Speed ratio 65 Induction generator Type Wound rotor
No. of phases Three phase No. of poles Four pole
Type of winding Delta connected Voltage and frequency

11kV and 50Hz.
Mode of operation Slip-power control | Stator per phase | 7H

magnetizing inductance
Rotor resistance /phase, | 30 Q Turns ratio, Ny / N, 3:1
I, (stator referred)
Grid 3-phase, 11 kV, 50 | Height 500 meter above

Hz sea level
Temperature7.79 m/s Wind | 30°C Friction coefficient of the | 0.15
speed terrain
VI. DESIGN OF POWER CONVERTERS

The following conditions are considered for designing power converters for wind energy system.
e The unstable wind speed which will change at certain interval of time at certain speed range.
e  The variations in output voltage and frequency of DFIG by & 20%.

This unstable wind energy is converted into electrical energy and delivered to the grid. The design parameters of
power converters for the above conditions are shown in Table 4.

TABLE 5 Parameters of the wind energy power converters.

SI.No Description Values

1 Output voltage,Vy ms) of DFIG 11kV

2 Frequency of DFIG S50Hz £ 20%

3 Grid voltage & frequency 11kV and 50Hz £+ 1%

4 AC/DC rectifier Full bridge diode rectifier with unstable output
voltage 14.86kV + 20%.

5 DC/DC converter Closed loop Boost converter with stable output
voltage20 kV + 1%

6 DC/AC inverter 3-phase, 50Hz, 11 kV Voltage Source Inverter

VII. SIMULATION RESULS

Simulation results are shown in figures 7a, 7b, and 7c respectively. It is shown that when the input voltage and
frequency are changed by £20%, both output voltage and frequency of the system remained stable.
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Fig 7c: Line to line Input voltage of 13.2 kV
at 60 Hz

Fig 7a:Line to line Input voltage of 8.8 kV at40 Hz  Fig 7b: Line to line Input voltage of 11 kV

at 50 Hz
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VIIlI. CONCLUSION

The proposed wind energy conversion system with doubly fed induction generator is capable of achieving high
power density, enhanced efficiency and reliability. It is found that design configuration with performance
requirements of the power converters are capable to achieve stable output voltage and frequency when the wind
speed is varied at different intervals of time.
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