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Abstract

Objectives: A sensorless method is employed to control real and reactive power for DFIG in an optimal way under various
load conditions. The main objective of this paper is to maintain constant voltage and constant frequency. Method /Analysis:
In this paper, a sensorless control technique with the optimal Proportional-Integral (PI) controller parameters of a test
system using Particle Swarm Optimization (PSO) is explained. The techniques for the development of sensorless drives are:
reduction of hardware complexity and cost, decreased maintenance requirements, elimination of sensor cables. Optimal
tuning of PI controller parameters gives high quality solution. Findings: The system performance with PI controller
parameters and PSO tuned PI controller parameters are compared. MATLAB software is used to develop the simulation
and the results are presented. Applications: Low Voltage Ride Through, Lvrt, OFFSHORE wind farms.

Keywords: Doubly Fed Induction Generator (DFIG), Fixed Speed Wind Turbines (FSWT), Particle Swarm Optimization

(PS0), Variable Speed Wind Turbines (VSWT) and Wind Energy Conversion System (WECS)

1. Introduction

An amount of Fossil fuel and nuclear fuel resources
are very limited in the world. So, it is important to
find sources of renewable energy. Wind energy has
become the most important renewable energy (Figure
1). With increased penetration of wind power in to
electrical grids, DFIG wind turbines are largely devel-
oped due to their variable speed feature 2 DFIG
provides constant voltage and frequency even the
rotor speed varies and control the overall system
power factor. Also it reduces the mechanical stresses
on the wind turbines, yielding maximum power out-
put, high energy conversion, improved power quality,
less requirements of the pitch angle controllers and
low rating converters®.

*Author for correspondence

The main advantages of the sensorless control technique
are reduction of hardware Complexity and cost, increased
mechanical robustness and noise immunity, elimination of
sensor cables and improvement of the vibration behavior. In
this method, the speed and position signal are obtained by
using monitored voltages and currents by means of math-
ematical models or artificial intelligence based system®.
Sensor less drives operate in the speed range of 1% and 100%
rated speed, and having speed control accuracy as high as
3% of base speed. Its performance mainly depends on
torque control capability®”.

Particle Swarm Optimization is one of the modern
searching algorithms, introduced by®’. This technique
is based on the social behavior of bird flocking and fish
schooling. Its main advantage is to yield a high qual-
ity solution. The main steps in PSO are Initialization,
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Velocity updating, Position updating, Memory updating,
and Termination checking®’.
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Figure 1. General block diagram of a WECS

2. Proposed work

A simple sensorless control algorithm does not require
the rotor position information for reference frame con-
versions. Table 1 represents the induction generator
data.

Table 1. PI controller parameters

Parameters Without PSO | With PSO
kp(stator voltage controller) 0.1032 0.5157
ki(stator voltage controller) 0.1175 0.9598
kp(rotor current controller) 0.0598 0.0795
ki(rotor current controller) 0.0435 0.0867

2.1 Sensorless Control Technique

2.1.1 Three Phase to Two Phase Conversion

In order to make an easier calculation and to have an effi-
cient speed control, this three phase to two conversions
(i.e., abc to dq) is needed.
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2.1.2 Flux Estimation

The stator field oriented reference frame is used for con-
troller development. Stator flux linkage in d-axis and
g-axis as follows
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2.1.3 Stationary to Synchronous Reference
Frame

This conversion corresponds to a rotating reference frame
moving at synchronous speed “e .
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2.1.4 Rotor Current and Angle Estimator

(2.1.6)

The resultant current magnitude is given as,
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2.1.5 Stator Flux Oriented Reference Frame

d-axis and q-axis rotor current in the stator flux (Figure 2)
oriented reference frame is,

(2.1.9)
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Figure 2. Phasor diagram for stationary to synchronous
reference frame.

2.1.6 Synchronous to Rotor Current Oriented
Reference Frame

Rotor voltage commands *a  and ¥z  from synchronously
rotating reference to the rotor current oriented reference
frame (Figure 3).

vy = 1:55" COE Bg — Vo 3infg, (2.1.12)

(2.1.13)

Figure 3. Phasor diagram for synchronous to rotor current
oriented reference frame

2.1.7 Rotor Current to Rotor Reference Frame

- -
Vg = v; o056 + v sinf.

(2.1.14)
(2.1.15)
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2.1.8 Block Diagram

The stator and rotor parameters are converted abc to d-q
coordinates for easy calculation because inductance var-
ies with respect to time (Figure 4). If it is converted to
d-q coordinates it is assumed to be as constant. Since,
the Sensorless control technique is employed cur-
rent; flux can be determined by using estimators. The
DFIG reference conversion was employed to control
the parameters effectively. Particle swarm optimization
technique was employed to control the real and reactive
power’%. Finally, the inverse conversion can be done to
have the control parameters in the phase quantities. By
using these firing pulse can be generated by using PWM
technique as a gate pulse for rotor side converter and
grid side converter.

Stationary 2
synchronous
reference frame

| ] [
Flux || conversion& [ (inversion
estimater  [y»{ PARTICLE dqtoabe mode) GSC
SWARM
OPTIMIZATION
Coment TECHNIQUE
‘
estimator Tnverse Converter
e > conversion | 4| Gaversion
I_, &dgtoabe mode)RSC
Synchronous
ROTOR teference frame >

rotor current oriented
reference frame

Figure 4. Control block diagram for sensorless flux
oriented control.

2.2 Particle Swarm Optimization

PSO is a heuristic method that yields an optimal solution
for a problem. Table 2 represents PI controller parame-
ters'®,

Table 2. Induction generator data

Stator (6 pole, delta connected) 415V, 50 Hz
Rotor (6 pole, delta connected) 690V, 50 Hz
Rated power 400 KW
Stator resistance/phase 0.023 pu
Rotor resistance/phase 0.016 pu
Stator reactance/phase 0.18 pu
Rotor reactance/phase 0.16 pu
Magnetizing inductance 2.9 pu
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The fitness function 1, 2 and 3 for improving real , Vabos7s
power and reducing reactive power and optimal tuning of o
i 2z pd
pi controller can be expressed as, s i ~ ~
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Several modifications have been done to improve the

performance of the system. Figure 7. Voltage and current at B575.

3. Test System

" ‘
To evaluate the performance of the sensorless control g, e ~
technique, simulations are done with variable speedwind E o
turbine. The single line diagram of a test system 2MW 10875 ors o185 oo o2
variable speed WECS equipped with DFIG. Adaptive 2000 POWER
parameter control strategies can be described by PSO. g 1000 f //"'"“ ~
There are 40 wind turbines each rated at 2 MW. ;i; °

Simulation results under various conditions are pre- < —
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sented (Figure 5).
Figure 8. Voltage and current at B575.
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Figure 13. Rotor controlled d-axis and g-axis current.
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Figure 18. Turbine characteristics.

4. Conclusion

This paper has presented a Sensorless flux oriented con-
trol technique with PSO for a DFIG based VSCF generator.
The proposed algorithm yields an optimized solution
to control real and reactive power. It also maintains the
reactive power drawn from the grid as low as possible.
The flux and torque are controlled directly and indirectly
by the selection of optimal inverter switching modes.
Therefore, the optimal switching voltages are determined
by using PSO technique. Hence, the proposed algorithm
meets the objective of maintaining the voltage and fre-
quency as constant.
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