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/**** ************************** ******* *** ****** ** ************ **** 
This section of the program includes the 
"f240.h" contains the default addresses of the 

files If240.h" and "math.h" 
found in the £240 DSP 

"math.h" contains the mathematical functions used the program. 
************** ** ********** ******* ***** ***** *** * ******* ********/ 

#include f240.h" 
#include "math h" 

/******************************************** ************* ******* ******* 
This section declares variables to the DAC outputs. 
PortOc is defined as the outputs to the LED's. PortO defines the output 

that controls the wait state generator. These ports are found 
on the TMS320F240 evaluation board. 

************ ****************************** ******* ************ *********/ 

/* DACl */ 
* DAC2 */ 
* DAC3 */ 
* DAC4 */ 

/* DAC */ 
LEDS */ 

* Wait State Gen */ 

/*** ** ********** ****** ***** * ******* *** ********** ********** * *** 
This section defines the variables used in the program. 

the program in a continuous 
x index for the locked waveform 
shift - index for the shifted waveform 
y index for the variable the second 

index for the variable the third 
lock used to detect f the lock 

inc - used to increase or decrease the variable 
instantaneous value of fundamental of the first 
instantaneous value of fundamental of the second 
instantaneous value of fundamental of the third 

dc instantaneous value of the read in from A/D 
amp used to the modulation index 

stores the measured of the mains 
mains - an array that stores the sine table 
****************** ********************************************************/ 

int loop; 
int x; 
int shift; 



Univ
ers

ity
 of

 C
ap

e T
ow

n

float 
float 
float 
float dc; 

int 
int 
int 
int 

float amp; 
float 

¥i 
Z; 

t2inci 

int mains[256 

/******** ***************** MAIN PROGRAM ********** ********** *******/ 
The main program is divided into 3 sections 
1) Initialisation of variables 
2) Initialisation of DSP 
3) Main controls the drive 
*********************** ** ****** ****************** ****** ** ************ 

void () 
{ 

shift=64; /* sets the 

x=O; 

2=42; 
dc=l 
t2inc=0; 

/* locks the 

shift to 90 * 

between the variable 

(); /* calls the to setup the 

WDCR::::OX006F; /* disable the watch 

asm(" .include f240asm.h"); 
asm(" setc INTM"); /* disable 

IMR=Ox0027i 
XINTICR=OxOOO 
XINT2CR=Ox0003; 

EVIMRA=Ox0080; 
EVIMRB=OxOOOl; 
EVIMRC=OxOOOO; 

EVIFRA=OxOOOO 
EVIFRB=OxOOOO; 
EVIFRC=OxOOOO: 

/ Unmasks the 
/* enables 
* enables external 

/* unmask the timer 
* unmask the timer 

/* reset the 
/* reset the 
* reset the 

*/ 

*/ 

*/ 
* 
*/ 

*/ 
*/ 

1 * 
2 * 

to 60*/ 

table */ 
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SYSCR=Ox40CO; 
RTICR=OXOOOO; 
CKCR1=OxOOBB; 
CKCRO=OxOOC3; 

04; 

DBTCON=OXAFEO; 

ACTR=OX0666; 
CMPR1=OxOOOO; 
CMPR2=OxOOOO; 
CMPR3=OxOOOO; 

* setup the system control *1 

* setup the system clock *1 

* the wait states *1 

1* setup the dead time *1 

setup the action control 
I initialise compare *1 

COMCON=OX0207; 
COMCONI=OX8000; 
OCRA=OxFF01; 
PADATDIR=OXOfOf; 
PBDATDIR=OX3FOO; 

* setup the compare modes ie PWM mode *1 

GPTCON=Ox006A; 
TIPR=OxOOOO; 
TICNT=OxOOOO; 
TICON=Ox2842; 

T2PR=OxOOOO; 
T2CNT=OxOOOO; 
T2CON=Ox2842; 

T3PR=OxOOOO; 
T3CNT=OxOOOO; 
T3CON=Ox1742; 

ADCTRL1=OXAC01; 

1* setup port A 1 AID and 6 PWM 
1* sets the direction of port A * 
1* sets the direction of port B *1 

* setup timer control *1 
* timer 

* timer 
1* timer * 

1* timer 2 *1 
1* timer 2 count 
1* timer 2 control 

I timer 3 *1 
/* timer count */ 
1* timer 3 control setup * 

* initialises the AID *1 

(" .include f240asm.h" 
asm (" circ INTM") i * enable * 

while ( ! =0) 
{ 

1* This is the main . It the dc at the AID. This 
value is save in the variables "amp" and "de". The variable "amp" 
is used to scale the modulation index of the variable output 
The variable "de" is used to the of the 

dc=ADCFIF01; * the control pot */ 
1* store the DC control value *1 
* scale the stored DC value I 

set a minimum 

dc=dc/2; /* scale control pot */ 
} 

I 

* 
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/**** **** **** ** **** INTERRUPT DEFINITIONS ****** ******* * 

void 

main () i 

} 

void 

/* is called when the DSP is on the second external 
of the mains 

is scaled so that 
~~_~ .. _.~. This ensures 

256 times the mains 
of the locked 

wave is set to be the same as the mains difference 
is then determined and the of the locked wave is until 
the two waves are in 

T3CON &= Oxffbfi 

T3CNT=OxOOOOi 
T3CON=Ox1742i 

if(lock == 0 } 
{ } 
else 

{ 

if (lock<=127) 
{ 

} 

(lock> 128 
{ 

T2PR=t2inci 

} 

/* 
/* 
/* 
/* 
/* 
/* 

. It also the of the variable 

timer */ 
save the index of the locked wave */ 
save the measured * 
reset the counter */ 
start timer 3 */ 
scale the for the carrier */ 

/* the timer 1 
* scale the variable */ 

* / the timer2 

*/ 



Univ
ers

ity
 of

 C
ap

e T
ow

n

void 

asm(" .include f240asm.h"); 
asm(1I #IVRAf128"); 
asm " lacc IVRA") ; 

compare PI to the carrier */ 
[shift]; * instantaneous value of the shifted wave */ 

void 
{ 

x++; 
shift++; 

>= 2 
{ x=O; 

} 

/* approx 50% modulation index */ 
* add a offset */ 

/* increment the index */ 
/* increment the index */ 

* reset index on overflow */ 

if ( >= 2 /* reset the index on overflow */ 
{ shift=O; 

} 

asm(" .include f240asm.h"); 
asm( II #IVRB/128") ; 
asm " lacc IVRB") ; 

} 

CMPR2 
CMPR3 

y++; 
z++; 

if 
{ 

if (z 
{ 

} 

* compare P2 to carrier */ 
* compare to the carrier */ 

>= 255 

} 

255) 
Z=Oi 

1* instantaneous value of the first variable 
1* instantaneous value of second variable 

/* the the variable 
/* add the 

/* set the 
1* add the 

of the variable 

/* increment the index */ 
1* increment the index */ 

*/ 

/* reset the index on overflow *1 

* reset the index on overflow */ 

*/ 



Univ
ers

ity
 of

 C
ap

e T
ow

n

void 
{ 

} 

void 

} 

void 
{ 

/* This the DSP is on the 2nd 
to the zero of the current 

waveform. X variable is check. 0 it that 
power factor has been obtained, therefore no are made to the 

"shift" index. If 127 < x < 255, it that the current is the 
and the "shift" variable is decresed. if 1 X < 127, it that 

the current and the "shift" variable is increased 
is limited to +90 and -90 */ 

if ( ) ) 
{ } 

else 
{ 

if( (x<=255)&& {x>127} 
shift-- i 

if ( (x>=1 && 
shift++; 

} 
if«shift>64)&& shift< 127)} /* limit maximum 

ft=64; 
if«shift>127)&&(shift<192»/* limit the minimum 

shift=l92 ; 

shift to 90 

shift to -90 

*/ 

} 
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/*** ************************************** *************** ******* */ 
/* and Real time Interrupt Control */ 
/********************** *********************************************/ 
#define RTICNTR * int*) Ox7021 
#define WDCNTR * 
#define WDKEY * 
#define RTICR * 
#define WDCR * 

#define IMR * 
#define IFR * 

int*) Ox7023 
int*) Ox7025 
int*) Ox7027 

int*} Ox7029 

int*) Ox0004 
int*) Ox0006 

/* 

* 
************* ************** ******* ***** ****** 

Clock */ 
****** **** 

************************************************ ******************/ 
#define CKCRO * 
#define CKCRI * 
#define OCRA * 
#define 
#define 
#define PBDATDIR * 

#define ISRA * 

int*) Ox702B 
int*) Ox702D 

int*) Ox7090 
int*) Ox7092 

int*) Ox7098 
int*) Ox709A 

int*) Ox7094 

/******** ******* ************** *********** ********** ************ 
/ Definitions for SCI Module */ 
/************ ******************** **********************************/ 
/* SCI communications control 
#define SCICCR * 

* SCI control 
#define SCICTLI * int*) Ox70S 
/* Baud rate select MSB 
#define SCIHBAUD * int*)Ox7052 

* Baud rate select 
#define SCILBAUD * int*)Ox7053 
/* Transmitter into control and status / 
#define SCICTL2 * int*)Ox7054 
/ Receiver into control and status reg */ 
#define SCIRXST * int*}Ox70S5 
/* Receiver data buffer */ 
#define SCIRXEMU * 

* Transmit data buffer */ 
#define SCIRXBUF *(volatile 

* Transmit data buffer */ 
#define SCITXBUF * 

int*)Ox7056 

int*)Ox7057 

int*}Ox7059 
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/*** ******* ****** ** **** ******* ************ ******** ******/ 
/* Definitions for 
/* structures are 
/* therefore 
/ ******** ***** ****** 
#define ADCTRLl * 
#define 
#define 
#define ADCFIF02 * 

the C 
used */ 

v6.60 ! */ 

****** ****** ******** */ 
int*) Ox7032 * ADC Control 
int*) Ox7034 /* ADC Control 

*) Ox7036 /* result 
) Ox7038 /* ADC2 result FIFO */ 

/******** *************************************** ************ *****/ 
* Definitions for EV Module */ 

/* structures are C v6.60 ! */ 
*************************************************** 

# define GPTCON * *) Ox7400 
#define TICNT * int* ) Ox7401 
#define TICMPR * int*) Ox7402 
#define TIPR * int*) Ox7403 
#define int*) Ox7404 
#define int*} Ox7405 
#define int*) Ox7406 
#define T2PR * int*) Ox7407 
#define T2CON int* Ox7408 
#define T3CNT * int*) Ox7409 
#define T3CMPR * int* ) Ox740A 
#define T3PR * int*) Ox740B 
#define T3CON * int*) Ox740C 
#define COMCON * int*} Ox7411 
#define ACTR * int*) Ox7413 
#define SACTR * int*) Ox7414 
#define DBTCON int*) Ox7415 
#define CMPRl * int*) Ox7417 
#define CMPR2 * int*) Ox7418 
#define CMPR3 * int*) Ox7419 
#define SCMPRl * int*) Ox741A 
#define SCMPR2 ) Ox741B 
#define SCMPR3 *) Ox741C 
#define CAPCON * int*) Ox742 
#define CAPFIFO * int*) Ox7422 
#define CAPIFIFO * Ox7423 
#define CAP2FIFO * Ox7424 
#define CAP3FIFO * Ox7425 
#define CAP4FIFO * Ox7426 

#define EVIMRA * Ox742C 
#define EVIMRB * Ox742D 
#define EVIMRC * Ox742E 
#define EVIFRA * int*) Ox742F 
#define EVIFRB int*) Ox7430 
#define EVIFRC * int*) Ox743 
#define EVIVRA int*) Ox7432 
#define EVIVRB int ) Ox7433 
#define EVIVRC * int*) Ox7434 
#define SYSCR * ) Ox7018 
#define 09C 
#define 070 

1 / 
2 */ 
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************** ******************** ******************************** 
The values of the ine table is written to memory the 

****************************************** ***************************/ 

() 
{ 

mains 0 ::: 0 
mains 1 804 
mains 2 1608 
mains 3 2410 
mains 3212 
mains 5 4011 
mains 6 4808 
mains 7 5602 
mains 8 ::: 6393 
mains 9 7179 
mains 10 7962 
mains 11 8739 
mains 12 9512 
mains 13 10278 
mains 14 11039 
mains 15 11793 
mains 16 12539 
mains 17 13279 
mains 18 14010 
mains 19 14732 
mains 20 15446 
mains 21 
mains 
mains 0 

04 
18868 

mains 19519 
mains 27 20159 
mains 28 20787 
mains 29 21403 
mains 30 22005 
mains 31 22594 
mains 32 23170 
mains 33 23731 
mains 34 24279 
mains 35 24811 
mains 36 25329 
mains 37 ::: 25832 
mains 38 26319 
mains 39 :::: 26790 
mains 40 27245 
mains 41 27683 
mains 42 28105 
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mains 43 28510 
mains 44 28898 
mains 45 29268 

46 29621 
mains 47 29956 
mains 48 :::: 30273 
mains 49 3057 
mains 50 30852 
mains 51 31113 
mains 52 31356 
mains 53 31580 
mains 54 ::: 31785 
mains 55 31971 
mains 5 32137 
mains 57 32285 
mains 58 32412 
mains 59 32 
mains 60 32609 
mains 61 :::: 32678 
mains 62 32728 
mains 63 32757 
mains 64 ::::: 32767 
mains 32757 
mains 66 32728 
mains 67 678 
mains 68 32609 
mains 69 32521 
mains 70 32412 
mains 32285 
mains 72 32137 
mains 73 31971 
mains 74 31785 
mains 75 31580 
mains 76 31356 
mains 77 31113 
mains 78 30852 
mains 79 ::::: 30571 
mains 80 30273 
mains 81 :::: 29956, i 

mains 82 29621 
mains 83 29268 
mains 84 28898 
mains 85 :::: 8510 
mains 86 28105 
mains 87 27683 
mains 88 :::: 27245 
mains 89 26790 
mains 90 26319 
mains 91 :::: 25832 
mains 92 25329 
mains 93 24811 
mains 94 24279 
mains 95 23731 
mains 96 23170 
mains 97 22594 
mains 98 22005 
mains 99 21403 
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mains 100 20787 
mains 101 20159 
mains 102 19519 
mains 103 18868 
mains 104 18204 
mains 105 17530 
mains 106 16846 
mains 107 16151 
mains 108 =:: 15446 
mains 109 14732 
mains 110 14010 
mains 111 :::: 13279 
mains 112 12 9 
mains 113 :::: 11793 
mains 114 11039 
mains 115 10278 
mains 116 9512 
mains 117 8739 
mains 118 7962 
mains 119 7179 
mains 120 6393 
mains 121 5602 
mains 122 4808 
mains 123 4011 
mains 124 3212 
mains 125 2410 
mains 126 1608 
mains 127 804 
mains 128 0 
mains 129 -804 
mains 130 -1608 
mains 131 -2410 
mains 132 -3212 
mains 133 -4011 
mains 13 :::: -4808 
mains 135 -5602 
mains 136 -6393 
mains 137 -7179 
mains 138 == -7962 
mains 139 -8739 
mains 140 :::: -9512 
mains 141 -10278 
mains 142 11039 
mains 143 -11793 
mains 144 -12539 
mains 145 -13279 
mains 146 -14010 
mains 147 -14732 
mains 148 -15446 
mains 149 -16151 
mains 150 -16846 
mains 151 -17530 
mains 152 -18204 
mains 153 -18868 
mains 154 19519 
mains 155 0159 
mains 156 -20787 
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mains 157 :::: -21403 
mains 158 -22005 
mains 159 -22594 
mains 160 -23170 
mains 161 -23731 
mains 162 -24279 
mains 163 :::: -24811 
mains 164 -25329 
mains 165 -25832 
mains 166 -26319 
mains 167 -26790 
mains 168 -27245 
mains 169 -27683 
mains 170 -28105 
mains 171 -28510 
mains 172 -28898 
mains 173 -29268 
mains 174 -29621 
mains 175 -29956 
mains 176 -30273 
mains 177 -30571 
mains 178 -30852 
mains 179 -31113 
mains 180 -31356 
mains 181 -31580 
mains 182 -31785 
mains 183 -31971 
mains 184 :::: -32137 
mains 185 -32285 
mains 186 -32412 
mains 187 -3252 
mains 188 -32609 
mains 189 -32678 

190 -32728 
191 -32757 

mains 192 == -32767 
mains 193 -32757 
mains 194 -32728 
mains 195 -32678 
mains 196 -32609 
mains 197 -32521 
mains 198 -32412 
mains 199 -32285 
mains 200 -32137 
mains 201 -31971 
mains 202 -31785 
mains 203 -31580 
mains 204 :::: -31356 
mains 205 -31113 
mains 206 -30852 
mains 2 :::: -30571 
mains 208 -302 
mains 209 -29956 
mains 210 -29621 
mains 211 -29268 
mains 212 -28898 
mains 2 -28510 
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mains 214 1 == -28105 
mains 215 ] -27683 
mains 216 ] ::::: -27245 

217 ] -26790 
mains 218 1 -26319 
mains 219 1 -25832 
mains 220 ] 5329 
mains 22 ] -24811 
mains 222 1 -24279 
mains 223 1 -23731 
mains 224 1 -23170 
mains 225 ] -22594 
mains 226 ] -22005 
mains 227 J -21403 
mains 228 1 -20787 
mains 229 1 ::::: -20159 
mains 230 J -19519 
mains 231 J -18868 
mains 232 J -18204 
mains 233 1 -17530 
mains 234 J -16846 
mains 235 1 -16151 
mains 236 1 == -15446 
mains 237 ] -14732 
mains 238 1 =:: -14010 
mains 239 1 == -13279 
mains 240 1 539 
mains 241 1 93 
mains 242 1 -11039 
mains 243 1 102 
mains 244 ] -9512 
mains 245 -8739 

246 -7962 
mains -7179 
mains 248 6393 
mains 249 -5602 
mains 250 -4808 
mains 251 -4011 
mains 252 -3212 
mains 253 -2410 
mains 254 -1608 
mains 255 -804 
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1****** ****************************************************** *********1 
1* File Name: 
* Target 

1* 
1* 
1* 
* 

1* 
* Revision: 

leds.cmd 
C24x Evaluation Board 

A basic linker command file for the 'F240 device. 
This file is used the linker to determine where 
certain sections of code should reside in memory. 

1.00 
I **** ******** ************ ***** ****** ************ ********* 

1* 
1* LINKER COMMAND FILE MEMORY SPECIFICATION for the F240 
1* 

MEMORY 
{ 

PAGE 0 VECS == Oh == 040h * VECTORS 
PROG 40h OFFCOh * PROGRAM 

PAGE MMRS Oh 060h * 
B2 0060h 020h * DARAM 
BO 0200h OlOOh * DARAM 
Bl 0300h 0100h 1* DARAM 
DATA 8000h 8000h 1* XDM 

1*------
1* SECTIONS ALLOCATION 

*1 
*1 
* 

I 
*1 
*1 
* 

** 

-* 

I 
I 

*1 
*1 
*1 
*1 
* 

*1 
*1 

1* ----------------------- ----------------------- -------------- --*1 
SECTIONS 
{ 

.vectors 

. reset 

. start 

.text 

.data 

.mmrs 
bss 
blkO 

.blkl 

.blk2 

.blk3 
} 

{ > VECS 
> VECS 

{ > PROG 
{ > PROG 
{ } > PROG 
{ } > MMRS 
{ } > DATA 
{ } > BO 

} > B1 
{ } > B2 
{ } DATA 

PAGE 0 * Interrupt vector table *1 
PAGE 0 * Reset code *1 
PAGE 0 * Code *1 
PAGE 0 1* Code *1 
PAGE 0 * Initialization data tables *1 
PAGE 1* Memory *1 

PAGE 1 1* Block B2 
PAGE 1 1* Block BO 
PAGE 1 1* Block B1 *1 
PAGE 1 I Block B2 *1 
PAGE 1 /* External data memory */ 

*1 

*1 
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APPENDIXE 

PHOTO'S OF THE EXPERIMENTAL SETUP 

The Texas Instruments TMS320F240 DSP evaluation board 

DSP board with control interface 
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The IGBT driver board 

The Split Capacitor Bank 
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Inductance used in the experiments 

3 phase motors used in the epxeriment 
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The three phase bridge showing the DC link and driver board 

The complete laboratory setup 
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