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Abstract

An induction generator (IG) speed drive with the application of a sliding mode controller and a proposed artificial
neural network (ANN) controller is introduced in this paper. Grid connected wind energy conversion system (WECS)
present interesting control demands, due to the intrinsic nonlinear characteristic of wind mills and electric generators.
The ANN torque compensation is feed-forward to increase the robustness of the wind driven induction generator
system. The proposed controller is designed to drive the turbine speed to extract maximum power from the wind and
adjust to the power regulation. When sliding mode occurs on the sliding surface, the control system acts as a robust
state feedback system. Moreover, a sliding mode speed controller is designed based on a sliding surface.

Keywords: sliding mode control (SMC), artificial neural network (ANN), wind turbine (WT), wind energy conversion system
(WECS), induction generator (IG).

1. Introduction

The wind energy captured by the wind turbine (WT) depends on the wind speed, blade pitch and
rotational speed [1]. The nonlinear aerodynamic performance of WT and the wide switching scope of
wind added a volatile structure to the energy conversion systems. The effects of mechanical damping also
varied with rotational speed. All above factors make it difficult to control WECS. The traditional control
strategy based on the linearized model can not guarantee a satisfactory control under a large-scale wind
change. WECS can be found in standalone, hybrid, and grid-connected topologies. Traditionally, wind
turbines are linked with asynchronous generators, squirrel cage or wound field, providing a robust and
low maintenance system. The major drawback is that the resulting system is highly nonlinear, and a
nonlinear control strategy is required to regulate the system to reach its optimal generation point. Among
others, sliding mode control [2] and fuzzy systems [3] have been proposed as feasible control alternatives.
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All those control strategies can enhance the robustness of the system to capture the maximal wind energy
and improve the dynamic performance [4]. On the other hand, to preserve the robust performance under
parameter variations and external mechanical disturbances, many studies have been engaged on the
generator drives, including ANN feed-forward control of the torque compensation. This paper proposes a
neural-network-based structure for WECS control. It consists of two combined control actions : a sliding
mode control, and an ANN based controller [5].

2. Wind Turbine Generator System

A simple block-diagram of a wind generation system is shown in Figure 1. WECS has many interesting
characteristics regarding simplicity, reliability and maintenance costs. WECS is the most cost competitive
among all renewable energy sources. They are usually found in three basic topologies: standalone, hybrid,
and grid connected installations [6]. Standalone systems are found with battery chargers for applications
such as illumination, remote radio repeaters, and sailboats. Hybrid systems are used in small to medium
autonomous applications, combining wind turbines with diesel and solar generators.
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Fig. 1 Block diagram of the wind turbine Fig.2 Indirect Field-Oriented 1G system block diagram

A block diagram of indirect field-oriented IG system is shown in Figure 2, which consists of an IG, a
current-controlled PWM voltage source converter (VSC), a field-orientation mechanism, including the
coordinate translator, and a speed control loop. The IFOC dynamics for the induction machine of torque,
slip angular frequency and voltage command can be derived from Equation (1)-(2), respectively at
A, =0, pi,=0, pi, =0, and ® = ®,. The torque equation and slip angular frequency for rotor field

orientation are given in Equation (1) while the voltage commands of [IFOC are given in Equation (2) by

3P . 1 i,
R @
22 L, YT
AREYS i [R+Lop Lo Ti @)
Vdes 0 " _(’OeLsG Rs’ +L56p l;:

where i;s, i;s, T,w, and ( are stator quadrature axis current, stator direct axis current, the rotor
a N e

time constant, the slip angular frequency, and the angular frequency of the synchronous reference frame,
respectively.

3. The Proposed Sliding Mode Speed Controller and Feed-forward Artificial Neural Network
The proposed sliding mode speed controller is shown in Figure 3 [7]. The state variables are defined by

x(1)=®,, -0, (1) A3)
Xi(1)=-0,(1)=—x,(1) 4)

1627



1628 Chih-Ming Hong et al. / Energy Procedia 61 (2014) 1626 — 1629

output

layer k

Artificial Meural
Network

hidden
layer

Sliding Mode
Speed Controller input

layer

Turbine/Generator system
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Then the IG drive system can be represented in the following state-space form by

RIS
xX,(t)| |0 =B/J|x,(t)| |K,/J|* -1/J
The above equation can be represented as
X(t)=AX(t)+BU(t)+ DT, (6)
where
A{O -1 }3_[ 0 }D{ 0 }U(z):i;(t) (7)
0 -B/J K. /J -1/J

and U(t) is output of the proposed sliding mode controller.
A three-layer neural network as shown in Figure 4 is adopted to implement the proposed ANN

controller. The ANN input is x| and x} of the first layer, where x! =, —o, and x; =, in this

study. The hidden and output layers contain several processing units with an associated sigmoidal
function. The net input to a node j in the hidden layer net, and output of node j 0/- are

net,=y\W,-0,)+6, * 0, = flnet,) (8)
where fis the activation function, which is a sigmoidal activation function

f(”etj): ) lﬂm, ©)
and the net input to a node k in the output layer ner, and corresponding output O, are

net, :Z(Wk/.-Oj)+9,( ' O, = flnet,)=du, (10)

4. Simulation Results
The overall system block diagram is depicted in Figure 3. The wind turbine generator system used for
the simulation has the following parameters:

(1) Parameters of Wind Turbine: rate of power P,,.=2.5KW, air density p=1.25NS2/m4, turbine radius
R=1.62M, moment of inertia J=0.05 77N,,,secz, friction B=0.0088N,sec/rad, C;() = -0.1, Cx(p) =
0.077, C3(p) = 0.08.

(2) Parameters of Induction Generator: stator resistance R=0.17Q, rotor resistance R,=0.05Q, stator
inductance L=0.0062H, rotor inductance L,=0.0064H, magnetizaton inductance L,=0.0061H,
gear ratio N1/N2=1.
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The simulation results show that the wind velocity is well estimated with small errors is both cases.
Note that the actual speed is closely tracked by reference speed obtained from the proposed controller.
With the controlled rotor speed, the actual turbine power P, and the generator power P, can track the
desired P, closely. It shows a robust control performance, both in the wind speed tracking and power
regulation. Power tracking performance for various control methods are shown in Tables 1. The control
methods for the average power generation from the small to the large under any wind conditions during
50 sec are as follows: PI control, sliding mode with artificial neural network control.

Table 1. Performance comparison with various control methods

Characteristic Average Power Max. speed tracking error Max. power tracking error
Controller Type
SMC with ANN Controller 805W 0.67 rad/sec 120W
PI Controller 770W 1.2 rad/sec 145W

5. Conclusion

This paper discussed the application of artificial neural network in the implementation of sliding mode
controller for WECS. They were proposed to cope with the intrinsic nonlinear behavior of wind
turbines/generators. The approach used, based on a combination of artificial neural network and a sliding
mode controller, allowed fast convergence to a simple linear dynamic behavior, even in the presence of
parameter changes and model uncertainties. This technique can maintain the system stability and reach
the desired performance even with parameter uncertainties. The regulation of the electrical power is an
important lecture to be considered.
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