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This thesis presents a design of power converter circuit for wind turbine application.

According to the changing of wind speed, the output voltage and frequency of generator are varied
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Master of Engineering

Electrical Engineering

2010

Dr. Krischonme Bhumkittipich

ABSTRACT

and controlled by using power connector.

These converter circuits are composed three phase rectifier, boost converter circuit with
the closed loop PI control and a PWM Inverter. These systems implemented are in the digital signal
system by using digital signal processor (DSP). The simulation results and experimental show that
the benefit of power converter that can control the output voltage up to 600 V with the input
voltage about 58-70 V

Research can control voltage and frequency of wind turbine generator a regulate the

constant high voltage using by converter circuit.

Keywords : Wind tubine Generation, Rectifier circuit, Boost Converter circuit, Push - Pull

converter circuit, Inverter circuit
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@

1o M() Ao Ay IaNINenvYeIAINILAN

[

A a d4a &£
E@) A9 ayuranaIaninayy

g g

d v
viomeulugdvesilanduloudne (Transfer Function) lafe

M) _ 1
g Kp(l+ Tisj (2.87)

e Kp Ao nnuhvesdadiuniesasinisvens

Ti A0 13811321135 IWNUIY

' i A a ' Y £ o ' = ! o
Aol Kp way Ti awnsaivzifasunlamla damsisuaeziinasensnsgih
k4
M3AUANIULYsANMI 5NN nadlSuaau hvesdadiu Kp azdanaldnamsnszih
MIAIVANUUUFAAIUNALNINTSIWVVYIVINTIIWNUY dIURdUYed  Ti (3o

[ (] @ [l I o 3 1A @ ] A 1 $
“Dasraauda vy iuswaunsinedui msamuauuuudadausudulul 11naunsn.87)

v
=~

Wowsuvdenlaozunsy 1aaesiln 2.18

u

32



Command + E(s) M(s)

| K [1+— o Output

Feedback

{ [~ @ o 1 ' o ]
Eﬂﬁ 2.18 Uaﬂﬂqﬂﬂgllﬂihﬁﬂﬂ’)ﬂﬂwuﬂﬂﬁﬂﬁﬂuiﬂhﬂﬂllﬂﬂﬂuim1ﬂ15i’)ll'ﬂu'JEJ

auud i dynurawaia Eo) Lﬂuﬂqﬁc‘ﬁugﬁ@mﬁﬂ (unit step) éﬁgﬂ‘ﬁ 2.19 (M)
Yoy 1M N19V100NVDIAINILAN M(s) %z”l@égqgﬂﬁ 2.19 ()
elt) m(t)
|
we] "

L~

e @

A o I a 3 (v o o ~
Z.i,‘l]‘ﬂ 2.19 muapmmwmmﬂugumﬁmﬂﬂuﬁﬂmmmmaﬂﬂlmmmnﬂuw%

I o Y

ac a 1< @ o 1 ' o ]
WITVANNTDUNANNIUUIN ﬂumﬂ’mﬂmmuﬁﬂﬁaui’mﬂmmuyimmﬁi’mwuaa

. - ]
Vits) K V,(5)
e—— il

51N 2.20 AmIURUUUBFAFIUTINAVUVUYIVUINTIINHUIY

110319 2.20 WeuilarduToude (Transfer Function) ladeaunis (2.88)

33



= 2.88
Vi) 289

o Y
fviva

K >1 (2.89)

~ (2.90)
Vi) KR KR
R
sCq
22
V,(S) ) sCq 2.91)
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d1AuTuUAPUMTHIAT Kp Ki 228 Ziegler-Nichols

1) im3gua Kp Ki YU uwei1in13nm Step Response 114 11)511n53 Matlab

kp=10;

ki=15;

L =60e¢-6;

C =52e-6;

R =10;
Num = [kp ki];

Den = [1 1/(R*C) 1/(L*C) 0];
Sys = tf(num,den);

sys1 = feedback(sys, 1);
step(sysl)

92 1An3519 Step Response #9317 3.5

L 1 1 1 1 1 | 1
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d' 1 1 Q‘ Y
510 3.5 n3 Step Response 310NITFUAUTUAU

U

2) vhai ldnngali 3.5 el L uaga R e liwis Kp Ki
L=02

R =1/43.5 =0.02298
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éfmmimuﬂmmu PI controller
Kp=0.9/R.L =0.9/0.2x0.02298 = 195.822
Ki=1/0.3=0.2/0.3 =0.666666
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MTNN N.1 Waﬂﬁ‘ﬂﬂf’fﬁl‘]ﬁﬂﬁ'ﬂ13$£tiiﬂqu1§11@1\m

Vwind(V) | Vrectifier(V)| Vboost(V) | Iboost(A) | Vpush-pull(V) | Ipush-pull{A) | Vinverter | Linverter
10.1 104 145 121 59.5 0.16 358 017
217 258 375 213 1834 029 1119 027
282 353 519 262 2615 035 160.5 035
19 40.4 591 284 2992 038 1838 039
429 548 807 353 4243 048 2605 051
502 649 98.5 392 5064 0.53 3122 057
53.4 692 1023 4.17 5484 0.56 336.1 0.61
572 74.5 109.5 442 5852 0.58 360.5 0.62
58.5 763 112 456 600.1 0.59 3806 0.63
608 798 1151 4.62 6092 0.61 3822 0.66
655 BS54 1157 4.63 615.4 062 3843 0.67
70.2 91.4 1162 464 6201 0.63 3864 0.68
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MODULE/RAM/SEG=USER_PM1/ABS=0x30 Main_Program;

{*******************************************************************************
EX T

* Include General System Parameters and Libraries *

dhkhh bbb b bbb bbbl bbbhbbbbbbbbbhbbbbbbbbhbbbbbbbbhhbbbbbbbbhbbbbbbbbhhbtbtdt

*******}

#include <main.h>;
#include <aux_dac.h>;
#include <pwmf{32x.h>;
#include <trigono.h>;
#include <Mathfun.h>;

#include <pi.h>;

{*******************************************************************************
Khkhkh ek

* Constants Defined in the Module %

R R S R SR S R S R S T S R S SR R O SR S R S SR S SR R S S R S SR R S R S R SR R R R S SR S SR S SR O SR SR O SR R SR SR SR R R R S S L S o

*******}
.CONST Delta =0x148; {Angle increment 64 pr.rev}
.CONST TwoPiOverThree =0xffff/3; {Hex equivalent of 2pi/3 }

{*******************************************************************************
fkkkdkkk

* Local Variable Defind in this Module *

dkkh kbbb bbb bbbl bh bbbl bbbbbbbbbbhh bbbl bbbbbbbbbbbhhbbbbbbbbhhbbtdt

********}

#define PI_SF16 0
.VAR/RAM/PM/CIRC/SEG=USER_PM1 PI_Coef16[3];
INIT PI_Coef16: 0xE00200,0x200100,0x7FFF00;

.VAR/RAM/DM/CIRC/SEG=USER_DM PI_Delay16[2];
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JINIT PI_Delay16: 0x0000,0x0000;

.VAR/DM/RAM/SEG=USER_DM AD_IN; {volt/herzt command (0-1)}

JNIT AD_IN : 0x6000; {Corresponds to 1.0  }

.VAR/DM/RAM/SEG=USER_DM SETUPTIME;
JNIT SETUPTIME :0x0000;
.VAR/DM/RAM/SEG=USER_DM PIODATA1_REF;
JNIT PIODATAI1_REF :0x0000;
.VAR/DM/RAM/SEG=USER_DM delt;

JNIT delt :0x0000;

.VAR/DM/RAM/SEG=USER_DM Theta; {Current angle
JNIT Theta : 0x0000;

.VAR/DM/RAM/SEG=USER_DM soft; {Soft start }
JNIT Soft : 0x0000;

.VAR/DM/RAM/SEG=USER DM VrefA; {Voltage demand
.VAR/DM/RAM/SEG=USER DM VrefB;
.VAR/DM/RAM/SEG=USER_DM VrefC;

JNIT VrefA : 0x0000;

JANIT VrefB : 0x0000;

JNIT VrefC : 0x0000;

.VAR/DM/RAM/SEG=USER DM v;

JNIT v : 0x0;

.VAR/DM/RAM/SEG=USER_DM vref;

JNIT vref :0x000;

.VAR/DM/RAM/SEG=USER_DM vmod;

JANIT vmod : 0x000;

.VAR/DM/RAM/SEG=USER_DM Soft_start;

JNIT Soft_start : 0x0;

.VAR/DM/RAM/SEG=USER_DM Store;
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JNIT Store : 0x0;

.VAR/DM/RAM/SEG=USER_DM v_boost;

JNIT v_boost : 0x000;

.VAR/DM/RAM/SEG=USER_DM SinCos|2]; {Sine Cosine Buffer }

.VAR/DM/RAM/SEG=USER_DM Vabc[3]; {3 Phase Buffer }

{*******************************************************************************

*************}

{ Start of program code }

{*******************************************************************************
*************}
Startup:

write_auxdac_init;

ax1=80{255};

dm(auxTM0)=ax1;

dm(auxTM1)=ax1;

PWM_INIT(PWMSYNC_ISR,PWMTRIP_ISR);

{ICNTL=0x03;}

IFC = 0x80; { Clear any pending IRQ?2 inter.}
ay0 = 0x0200; { unmask irq2 interrupts. }
ar = IMASK;

ar = ar or ay0;
IMASK = ar; { IRQ2 ints fully enabled here}

init_pilé6(pi_delay16,0x0000);

Main: { Wait for interrupt to occur }

jump Main;

rts;
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{********************7‘:******7‘:7‘:*****7‘:7‘:7‘:****7‘:7‘:7‘:7‘:***7‘:7‘:7‘:7‘:***************************

*************}

{ PWM Interrupt Service Routine

}

{*******************************************************************************

‘k‘k‘k‘k‘k‘k‘k‘k‘k****}

PWMSYNC_ISR:

{**** BOOST ****}

set DAG_registers_for_trigonometric;
ay0=dm(soft_start);ax0=0x7F00;
ar=ax0-ay0;if LT af=pass ax0;
ar=ax0-ay0;if GT af=pass ay0;
ar=pass af;

dm(store)=ar;myl=dm(store);

ax0=0x2497;{0x2140}ay0=0x1D00;ar=ax0-ay0;

dm(vref)=ar;

ar=dm(adcaux);ay0=0x1D00;ar=ar-ay0;if LE ar=pass 0;

dm(v)=ar;

ax0=dm(vref);ay0=dm(v);

ena AR_SAT;ar=ax0-ay0;if LE ar=pass 0;dis AR_SAT;
Pil6(PI_Delayl6, PI_Coefl6, PI_SF16);

ar=srl;

my0=27000;mr=ar*my0(ss);

sr=Ishift mr1 by 8(hi);

70



dm(vmod)=ar;

mr=ar*my1l(ss);

ay0=mr1;ax0=30{120};

ar=ax(0-ayQ;if LT af=pass ax0;

ar=ax0-ay0;if GT af=pass ay0;

ar=pass af;

dm(v_boost)=ar;

write_auxpwm(auxch0O,v_boost);

write_auxpwm(auxchl,v_boost);

ar=dm(soft_start);ay1=0x7F00;ar=ar-ayl;if GE jump pas;

ar=dm(soft_start);ar=ar+1;

dm(soft_start)=ar;jump pasl;

pas:
ax0=0x7F01;
dm(soft_start)=ax0;
pasl:

nop;

{F***inyerter****}

my0=0x7FFF{dm(AD_IN)};

mr=0; {Clear mr }
mrl=dm(Theta); {Preload Theta
mx0={dm(delt)}Delta;

mr=mr+mx0*my0(ss); {Compute new angle & store

dm(Theta)=mr1;

Sin(mrl); {Result in the ar register
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mr=ar*my0 (ss); {Multiply by AD_IN for VrefA }
{mr=mr1*myl1(ss);}

dm(VrefA)=mrl;

ax1=dm(Theta); {compute angle for phase B }
{mx0=TwoPiOverThree;my0=0x4000;mr=mx0*my0(SS);}
ayl=TwoPiOverThree;

ar=axl-ayl;

Sin(ar); {Result in the ar register }
mr=ar*my0 (ss); {Multiply by AD_IN for VrefB }
{mr=mr1*myl1(ss);}

dm(VrefB)=mrl;

ax1=dm(Theta); {Compute angle for phase C  }
ayl=TwoPiOverThree;

ar=axl+ayl;

Sin(ar); {Result in the ar register }
mr=ar*my0 (ss); {Multiply by AD_IN for VrefC }
{mr=mr1*my1(ss);}

dm(VrefC)=mrl;

ax0=dm(VrefA);
ax1=dm(VrefB);

ay0=dm(VrefC);

PWM _update_demanded_ Voltage(ax0,ax1,ay0);

nop;
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rti;

{*******************************************************************************

*************}

{ PWM Trip Interrupt Service Routine

{*******************************************************************************

*************}

PWMTRIP_ISR:
nop;

rti;

.ENDMOD;
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Modeling of Wind Turbine Driving Permanent Magnet Synchronous Generator
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Abstract

This paper presents modeling of wind turbine driving 1 kW Permanent magnet synchronous
generator. The system design consists of 3 parts, namely rectifier circuit, boost converter and
inverter. To control the DC voltage, boost converter is carried out the constant at the rating DC
voltage. Inverter is AC-to-DC converter for generating the line voltage. Synchronous rectifier frame
and PI control are used to control the wind turbine system by using MATLAB with Simulink. The
results show that the control circuit and control the DC voltage with boost converter and AC voltage
with inverter circuit. This development is the first of research. Next step will buiid up the hardware for
observing the performance of the system.

Keywords: Wind turbine, Permanent Magnet, Rectifier circuit, Boost converter, Inverter circuit
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Abstract

This paper presents modeling of wind turbine driving 1 kW
Permanent magnet generator. The system design consists of 3 parts,
namely rectifier circuit, boost converter and inverter. To control the DC
voltage, boost converter is carried out the constant at the rating DC
voltage. Inverter is AC-to-DC converter for generating the line voltage.
Synchronous rectifier frame and PI control are used to control the wind
turbine system by using MATLAB with Simulink. The results show that
the control circuit and control the DC voltage with boost converter and
AC voltage with inverter circuit. This development is the first of
research. Next step will build up the hardware for observing the

performance of the system.

Keywords: Wind turbine, Permanent Magnet. Rectifier circuit, Boost

converter, Inverter circuit
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