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SUMMARY

Variable-speed wind power system is controlled by optimal tip speed ratio
between angular speed of the blade and wind speed to track maximum power
point. Conventional method of using anemometer to measure wind speed is
expensive. Moreover, the measured wind speed and the wind speed that is
applied to turbine blades are different depending on the position of
anemometer. For these reasons, control methods using wind speed estimation
based on Kalman filter and Newton-Raphson method are employed to
estimate the wind speed. But the parameters that are used for wind speed
estimation are changed due to degradation of generator and blade shape. Also,
the air density is changed continuously. This causes not only inexact
maximum power point tracking but also inaccurate wind speed estimation. In
this paper, to solve this problem, an maximum power control algorithm is
proposed to wind power system based on wind speed estimation. A correction
factor is introduced to consider the changes in blade shape, air density and
generator efficiency. The correction factor reduces the error in estimated tip
speed ratio thereby estimating the wind speed with better accuracy. Also,
maximum power point is fracked.

For the simulation, wind power system based on wind speed estimation
with the proposed algorithm considering converter control is designed using
Matlab/Simulink and the performance of wind power system is validated with
constant and variable wind speed. The results show that the adaptive MPPT
control has better estimation of wind speed from the correction factor that is

computed

_iV_
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Appendix. A Matlab/Simulink 223 3=

A.1 The Parameters used in simulation

L d = 2E-3; %d-axis synchronous inductances of the generator
L g=2E-3; %$gq-axis synchronous inductances of the generator
R s =0.18; %stator resistance on the d, g axis

npp = 4; gnumber of pole pair number

J =0.0048; %equivalent rotational inertia

B = 3E-3; %equivalent damping coefficient

lambda m = 0.123; $%$permanent magnetic flux

rho = 1.225; %air density
R =2.4; %$rotor radius
G=25; %gearing Ratio

A.2 Wind energy conversion

»{ TSR
5 :l Goto
- : TSR
Rotar Speed Radivs »| 1R cp Cp
'#j Gaoto1
Cpcurve
Divide
(1} >
Wind Speed o " x 4>{[]_5*pi*(R"2} » =
P_mech
Product2 Product Product -
1.225
- : X
Air density A
Divide T
L
[ 0.410963103505941 I > x @
Maximum power
" ; Product3
Maximum power coefficient »¢ Cp_max]

Goto2

Fig. 20 Wind energy conversion block diagram

Fig. 20= v ojux A8 mdolth 4 2-D3 4 (2-0F o &3t 717
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A.3 Power coefficient model

0.735 » e
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y
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! gain12
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ain1 Math
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Fig. 21 Power coefficient block diagram

vtz gz Mg B2 A Cp curve EEEE F41H) TSR WE &9
AT Cpe 4 (3-18)F ©] &3t Fig. 213 Zo] Ued 4
A 4 Mechanical equation model

» npp
Omega_e

pole

P X 1

of L o
J k3 - Omega_g

Integrator2 Saturation2

Intertia Divide1

e
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Fig, 22 Mechanical equation block diagram
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A 5. Calculator of reference speed

R »
Constant1
Fix H@—> ou f—»(D)
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- = Saturationd gear ratio
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(2 ) P X
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Product1

Fig. 23 calculator of reference speed block diagram

A .6 Controller for speed and current control
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Fig. 24 PI Controller for speed and current control
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A.7 The proportional and integration gain for PI controller

K P T =100; $proportional gain for current controller
K I T = 9000; $integration gain for current controller
K P S =3.256097561; $proportional gain for speed controller
K I S =325.6097561; %integration gain for speed controller

A 8 Model of converter with space vector pulse width modulation

Terminator
VD Ref Voltage & ] phase_a 3phase _ref|
bt
v_a Ref Voltage B phase b sextant_number [ Terminator1
U_Q_ref
Omega_e Ref Voitage CF—{ phase ¢ FOM1 s “

L »is s
N V_anf—#{Phasz A
-msgs e
u u_p (1)
Inverse DQ-Trarsform1 Ts Fonzk— s by

From Anguler Speed
el aps Von|—#{Praze B

0.000001 ]V _bus Ee] SN P,
Modulator uLe

Switching pericd2 v Phase C

B V_bus -~ f e
Converter ineneutal phase voltages (DC/AC))  DQ-ransform

V_bus

Fig. 25 Converter block diagram with space vector pulse width modulation [17]

WE WA d-qEBel % WAV ALPRY (-3 G-DIA 7F
Al weh wAv)e AR Ao} Ak olH @ 71F A% ARAI7|el o

RBAEE 7IEdgS AHE AoE T3 wAdr|el Bad vE ddez W

l

BN

(%

2o} 2z g&dt} Fig. 25 SVPWM(space vector pulse width modulation) 7
A AWE Aol o3 HREHE JEALS e AWE Edoltt. VlE d
AT 71E gF AYS ¥Po = 319 V. bus AEE 29F Az wet 3
AFHGe R A ET 9714 A d-qFEE FMA dF AEH 71F F A
ol ME VIE AGANTE HMBACH1L15]. olsp Fol FHLAA2F
SVPWMe] £=913& T3 AHH A7t o] Foizo

5

o

_32_



A9 TPMSG(interior permanent magnet synchronous generator) model

EDay

direct current
D_decouple

0O e
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Q_decouple2

Angular Speed3
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& ! » 1.0
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ua
- Goto guadrature current

Transfer Fen2

Fig. 26 IPMSG (interior permanent magnet synchronous generator)

block diagram [10]

A .10 Mechanical power and angular speed estimator model with Kalman filter

Fig. 28 AA4714 B39 2479 2A45s Qdog s 2% B A
2e £ B39 A5EE FAeE B2E o)1 Fig 29% #4¥ 239 4%

-

8 olg3te] 4 (3-109] I3 7AY YL FAHE FEEo|h

N1

Pulse
Generator3

O X

Omega_g Kalman
Filter
(2 )—»u yp
Tg

Kalman Fitter1

Fig. 27 Mechanical power and angular speed estimator block diagram

with Kalman filter
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Fig. 28 Block diagram for Kalman filter [18]

A.11 Code for transforming continuous time model to discrete time model

Ac = [-B/J 1/J ; 0 0]
Bc = [-1/3J; 0]

Cc = [1 0]

Dc = 0;

sys = ss(Ac,Bc,Cc,Dc)
sysd = c2d(sys,0.0001)
[Ad,Bd,Cd,Dd] = ssdata(sysd)
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A.12 Wind speed estimator using Newton Raphson method

— ()
TSR est
Lambda estimation using NR method
1 »
alpha X Mech Power
N >
P_m_est .
Sl Product? 1am0.7954_ ¢p0.410953 4
» P w rot v_est NR
w_g_est
Gear ratio *
I Praduct4
Pulse
Generator2

Radius

Fig. 29 wind speed and TSR estimator block diagram

Fig. 20 wH-q<S T8 F4E F59E ol &8ty 4 (2-2)9 23] +74

3 5 Adste £

A.13 Code for wind speed estimation using Newton—Raphson

function xout = Newton Raphson(P_gen,w rot)

rho = 1.225; %ailr density

R=2.4; $rotor radius
x=5.5; $initial value
iter=10;

for ii=l:iter
a=(1/x)"3*(116*(1/x)-9.06) *exp ((-21)*(1/x))-(P_gen/(0.5* (0.5*exp (0.7
35)) *rho*pi* (R"5) * (w_rot"3)));

d=(21*exp (-21/x)*(116/x - 453/50))/x"5 - (3*exp(-21/x)*(116/x -
453/50)) /x4 - (1ll6*exp(-21/x))/x"5;

x=x-(a)/(d);

end

xout=x;

end

_35_



A.14 HCS in the proposed algorithm
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A .15 Correction factor o calculator
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Fig. 30 HCS block diagram

in the proposed algorithm
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Fig. 31 Correction factor calculator block diagram
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A.16 Code for HCS in the proposed MPPT algorithm

function [lam out, count] = MPPT(P_g,P g b,w gen,

w gen b,v in,v _in b,TSR NR, lam out in,lam out b,count b,alpha b)

step = 0.05; % lambda step

E v=1/34000; % parameter for Wind speed change checking

P diff = P g-P g b; % difference between P(n) and P(n-1)

w diff = w gen - w_gen Db; % difference between w(n) and w(n-1)

v_diff abs=abs(v_in-v_in b); % absolute value of difference between
v_est(n) and v_est(n-1)

V_err=E v*v_in”3*(1/alpha b); % calculation of allowable error

if abs (TSR NR-(7.954+step*count b))<=0.00018

& v_diff abs<=V _err ; % Constant wind speed
if P _diff >=0 ; % start of hill climbing search

if w diff >=0;
lam out = lam out b + step;

count=count b+1;

else
lam out = lam out b - step;
count=count b-1;
end
else

if w diff >=0;
lam out = lam out b - step;
count=count b-1;

else
lam out = lam out b + step;
count=count b+1;

end

end % end of Hill climbing search

else % changed wind speed

lam out=lam out in; % setting reference lambda to optimal lambda

count=0; % initialization of count
end

end
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A.17 Code for calculating o« in the proposed algorithm

function [alpha,c add, k,V err] = Kextractor(v_in,v in b,TSR NR, lam b, alpha b,
c add b, count b)

step=0.05; % lambda step
E v=1/34000; % parameter for Wind speed change checking
v_diff abs=abs(v_in-v_in b); % absolute value of difference between

v_est(n) and v_est(n-1)

V_err=E v*v_in”3*(1/alpha b); % calculation of allowable error

if abs (TSR _NR-(7.954+step*count b))<=0.00018 & v _diff abs<=V err
% constant wind speed
alpha=alpha b;
c_add=(lam b/7.954)"3-1;
k=0;

else % changed wind speed

o

if abs (count b)>=2;
alpha=alpha b+c add b;

applying alpha

oo

updating alpha

c_add=0; % initialization of C_add
k=1;
else % not applying alpha

o\

alpha=alpha b; setting alpha to previous alpha

c_add=0; % initialization of C_add
k=1.1;
end
end
end
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