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SUMMARY

The power control of the wind turbine system can be divided with two
types depending on the wind speed. The two types are the maximum power
control{MPC) and the limited power control. MPC is used for obtaining the
maximum power below the rated wind speed. The limited power control is
utilized to regulate the rated power above the rated wind speed. Perturbation
and Observation(P&0O) method and Optimal Tip Speed Ratio(TSR) control are
most widely known methods for MPC. Perturbation and Observation(P&O)
method is controlled by comparing the present and past values of the rotation
speed. However, due to a number of processes, it has slow response time to
track a maximum power. Optimal TSR control method requires a wind speed.
However, measuring wind speed is not feasible since it is installed some
distance away from wind turbines. For this reason, the estimated wind speed
has been used for optimal TSR control. But the problem is that estimating
the wind speed is related on inverse problems, thus, it is not so simple to
solve. Because of these, neural networks or various numerical methods have
been used to solve these problems.

In this paper, two new methods are introduced for MPC. The first method
is to use a Regression method for estimating the wind speed through the
power and rotational speed. And the second method uses the power curve
which is a function of the rotation speed and wind speed for estimating the
wind speed. Matlab/Simulink is used for simulations. To confirm the performance
of proposed methods, 94kW PMSG model is used in the two difference wind
case(at constant wind speed and at variable wind speed).
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Table 1 Wind turbine parameters

Parameter Value Unit
Rotor radius 2.4 [m]
Gearing 5 (-]
Rated wind Speed 12 [m/s]
Maximum power coefficients 0.411 [-]
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Table 3 Parameters of the PMSG model

Parameter Symbol Value Unit
Rated Power Ppy, 9.4 (kW]
Rated Torque Lo 20 [/Vm]
Rated Current ipas 245 [A]
Rated frequency Fpur 300 [ Hz]
Rated Speed Npar 4500 [rpm]
Number of pole pairs PPy, 4 [-]
Stator phase resistance R, 0.18 [£2]
Direct axis inductance L, 2 [mH]
Quadrature axis inductance L, 2 [mH]
Moment of inertia J 0.0048 [kg « m*]
Permanent magnet flux A 0.123 [ 0]

Tip Speed Ralio @ ()
Power Coeficient TSR
Rotor Speed
P Blade length ‘ 1-DT()
jx
@ He | TR : X »2)
Wind Speed Divide ' P_mech
Product =
1D Lookup

Table

X

0.5%pi"(R*2)"ho Dividel Shaft Torque
Product! Produci2
Wind Power
=
, P_th
Max power coefficient Product Theoretical

Maximum Power

Fig. 41 Wind Conversion model block
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A.2 Mechanical Equation Block
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A.7 Converter Block
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A.8 Phase Locked Loop Block
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Appendix. B A8 22309 3=

B.1 TEHEHWAI2H

%% The following script contains parameters for modelling of the WES with

a PMSG:

Ts = 0.00005; %Simulation Time

T_switch = 0.0005; %Rectifier switching Time

T _mppt = 0.02; 9%MPPT calculation time

L_d = 2E-3; %d-axis inductance of PMSG

L_q = 2E-3; %q-axis inductance of PMSG

R s = 0.18; %Winding resistance - [Ohm]

npp = 4; %number of pole pair number. - [-]

J = 0.0048; %Moment of inertia - [kg/m"2]

lambda_m = 0.123; %Permanent magnet flux linkage -[Wb] (Taken

from "Encoderless Vector Control of PMSG for

%Wind Turbine Applications” - a master thesis
from 2010)
T 0 =02 %Dry friction
B = 3E-3; %Vicous Friction
%% Controllers:
KPT-=27 %Current controller proportional gain
K LT = 1000; %Current controller integration gain
KPS = 055 %Speed controller proportional gain
KIS =12 %Speed controller integration gain

%% Reactive power reference

Q_g ref = 0;
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%% Wind speed model

U w = 5; %Wind Speed
rtho = 1.225; %Air density

R = 2.4 %Rotor radius
G = 5 %Gearing Ratio

%% Calculation of the Power coefficient for look up table

v.w = 12; %A wind velocity
omega_m = 0.1:0.1:64; %A vector containing different rotor angular
velocities

C_p(length(v_w) length(omega_m)) = 0;

lambda(length(v_w),length(omega_m)) = 0;

for i = 1:1:length(v_w)
for j = 1:1ilength(omega_m)
lambda(i,j) = (omega_m(j)*R)/(v_w(i)); %The tip speed ratio
lambda_i = lambda(i,j)/(1-0.035%xlambda(i,j));
C_p(,j) = 0.5%(116%(1/lambda_i)-5)*exp(-(21/lambda_i));
end

end

%% Grid values
V_m = 230;

w_g = 100*pi;

%% DC bus values
C_bus = 0.1;
v_bus_initial = 1000;
v_bus_ref = 1000;
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%% Filter
L_f = 0.050;
R_f = 1.0
%% Converter

T_s = 0.00025;

B.2 Matlab Function : P&QO A]o]

mean_1 = (speed_ref + speed_ref b + speed_ref_bb + speed_ref_bbb)/4;
mean_2 = (speed_ref_b + speed_ref bb + speed_ref bbb + speed_ref bbbb)/4;
if mean_1 == mean_2 ;

speed_ref = mean_2;

end

if speed_ref b == speed_ref bb ;

speed_ref = speed_ref_b;
end

end
B.3 Matlab Function : w9-¥#<&
function [v_est] = fen(P, Wr)
rho=1.225; %&7] 2%
R=26; %Edol= 473
G=5; %7)o]n|
C=P/(0.52125*rho*pi*R"5*wr"3); %ZZ2 oA TSRS A3 43

iterl = 1,
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iter2 = 1;
xr=0.1;
while(1)
xrold=xr;
f x_1= xr"3%(116#xr-9.06)*exp(-21*xr)-C;
f x_dev_1= —xr"2x(2436+xr"2-654.26%xr+27.18)*exp(-21%X1);
x=xr-f x_1/f x_dev_l; %7 @& T4
err=abs((x—xr)/x)*100; % 23}
lambda_i=(x-0.035)"(-1);
Cp_es=0.5%(116/lambda_i-5)*exp(-21/lambda_1i);
XI=X;
if xr<=0.035 || Cp_es >0.411
xr=0.035+0.1*iter2;
iter2=iter2+1;
if iter2 >= 10
iter2=1;
end
elseif Cp_es<0 || xr>1
xr=xr/xr-0.1*iter2;
iterZ2=iter2+1;
if iter2 >= 10
iter2=1;
end
iter=1;
end
if err <=0.000001, break, end
if iterl == 1500, break, end
iterl=iterl+1;

end
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v_est=R*wr/TSR;

B.4 Matlab Function : #2194

function v_est = fcn(P,Wr)

rtho = 1.225; %AiIr density

R = 2.4; %Rotor radius
G =5 %Gearing Ratio
al = -0.0021;

az = 0.0299;

a3 = -0.0534;

c_reg = al-P/(0.52*rho*pi*R"5*Wr"3); %9 &2 oA col 3
x = sqrt(complex(a2°2-4*a3*c_reg));

TSR = inv(real((-a2+x)/(2*a3)));

v_est=R*wr/TSR;

B.5 Matlab Function : A¢E <dugS

function [v_est] = fcn(P,Wr)

rtho = 1.225; %Air density

R = 24; %Rotor radius
G =25; %Gearing Ratio
lambda_opt=8;

v_ref=1;

v_step=0.2;

TSR=abs(Rxw_r/v_ref);
Cp=(abs(0.5%(116%1/TSR-9.06)*exp(-21*(1/TSR-0.035))));
if Cp <= 0, Cp=0;, end
P_cal=(abs(0.5*rho*pi*R"2*v_ref"3+Cp));
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while(1)

if P > P_cal
WI=W_TI;
v_ref=v_ref+v_step;
TSR=(abs(R*w_r/v_ref)) ;
Cp=(abs(0.5%(116*1/TSR-9.06)*exp(-21*(1/TSR-0.035))));
if Cp <= 0, Cp=0;, end
P_cal=(abs(0.5*%rho*pi*R"2*v_ref"3*Cp));

end

if P <= P_cal
break

end

if v_ref > 12;, break, end

end

v_est=abs(v_ref-abs(P/P_cal)*v_step);
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