) o A d o Y an
ﬂ]§a§1ﬁ°§ﬂ6‘lu!ﬂaﬂuu@!ﬂ@ﬁ!ﬂuﬂju1ﬁ]ulwﬁﬂgﬂgﬁﬂ1§ﬂ3ﬂﬂﬂ!!ﬂ‘ﬂ

NNNBSNIID0N

v = U Qd IS
HIEINNA aIaauUsNn

a a d 2 2 [ = a U a
InentinusHiludiuntisvesmsfnmmunangasiSyaInanssumansurada
I IanssyInih
unMInenaunaluladgsus

Umsanu 2556



THEIMPLEMENTATION OF THREE PHASE INDUCTION

MOTOR VIA INDIRECT VECTOR CONTROLS

Pakdee Sawatnatee

A Thesis Submitted in Partial Fulfillment of the Requirementsfor the
Degree of Master of Engineering in Electrical Engineering
Suranar ee University of Technology

Academic Year 2013



v o A d  a o Y aa
ﬂ]‘iﬁﬁ]\?“lzﬂsll'll!ﬂaﬂ‘]r!il@!ﬂ@ﬁ!?’iuﬂ3u]iﬂN!‘V\Iﬁﬂ?ﬂ?ﬁﬂ]‘iﬂ?ﬂﬂullﬂﬂ

d
NNADINIODN

E4 1
= 1 =

a o CZ v A a J [~
wiInenaoma TuTadgsuts eylia lmivaneninusavibdudiuniiauesmsany

murangaslsyaumiace

AUZNTIUMITDUINGTINWUT

(57. 95.0AA OADNIVIAA)

5L IUNTTUMST

o [A
(WA AT.NDINUY ﬂfiliﬂr}:l)

S (= a a o
NITUNIT (@1%1ﬁﬂﬂﬂﬁﬂ313ﬂﬂ1uwuﬁ)

a J
(5¢1. 3.91908 A7)

NITUNII

~ .

(WA, AT.NDIND fJWi%}ﬂ‘]el)

NITUNIT

a a Ao J 4 o A d.
(1. fA3.PNI mJﬂil”liNﬂ) (3¢1. 9.9. AT.NUATT Gmuﬂszmau)

a 1 a 9 0o w A a 4
50995 MIUArheINMsIazUIans s AUVATIINITIAINTTUAITAT



a2 [

And adaaugd : msadgadunasunemesiniisnhammadisdsmniugy
HUVNABI N0 (THE IMPLEMENTATION OF THREE PHASE INDUCTION
MOTOR VIA INDIRECT VECTOR CONTROLS) 01015891/5n11 : §aeenans1isd

o Aw Y
AT.NDINU B1790Y, 209 U

Y v

NUITGIMTNUT T NA UM AUV UT 009N NATAF AT VDI DIN DT 1M1
1 < 4 a 4 o

aunad ugaUdon SimPowerSystems 1111511050 MATLAB 18310512 HN15119 14004

¢ A ° ° s v v ° v
vorastilenhawla nsaruqumsiiausuunnmesmedenlagmiunldlunis
3 s A 3 AN 1Y A oA o o o
AIVANANMNTITODVDINDIAD S HININTuNTAIuaUN lideemsinTestialumsTandnd

o o 4 a
“lﬁ’ﬂmwummu 51Elﬂ?.ﬁLaElﬂﬂ15i’]'f)ﬂLlJJ‘]J@]'Jﬂ'JiJﬂllLL']J?JL'Jﬂmi’]i‘ﬂNé}@Né}’Jﬂ’J%ﬂ”ﬁLL‘UU

Y
v A

[ a av A a 4 ) v
ﬂ\‘lmll]’l??{illﬂ15i’]ﬁ?J”IfJ"I,}J}GLuQ”IH'ﬁ]fJ'NIEJ”IHWH‘H i’mﬁamiuuﬁuamsaammummugmﬁ”la
o [ < Y ad a d 1 a 4 [ =\
ﬁ11fi§1Jfﬂiﬂ'J‘LlﬂllLL‘]J?JL'JﬂL@]i’Jiﬂ'JfJ’J‘ﬁﬂ”IiV]”NﬂQJ}QJ,11J§$§]H§ ﬂ1W15”IiJm'E)§GUE’NGYJﬂ”J‘]Jf’]‘11Wl1@
Ay v Y aa o o q 7Y A
‘Vlul,ﬂﬁnﬂﬂ15@@ﬂ!,L‘]_ITJﬂ'JEJ’J‘ﬁfﬂi‘ﬂ\‘]ﬁ@\ﬁ!'I]’l,‘]Jil1a@Qﬁﬂ"luﬂ"liiuﬂjfﬂﬂi!,!,ﬂim MATLAB (0D

= =\ Aa a o dy Aav a a ) YA 9
Wssumevdseaninmnnmsnianu u@ﬂﬁ]'lﬂu\‘111‘!'3’1]EJTVIEJTL!Wu‘ﬁllﬂllﬂ1iﬁi1\1“lzﬂﬂ'lﬂﬂuuﬂﬂ
4 9 A o YA =2 Aav Aa a s 2 A o Y
nﬂmaimwamwauﬂﬂiwuauWaﬂﬁﬁﬂyﬂmmnmmmwuﬁ SFAPTINNITYUIUNARN Y
o 4 a J 1 o <

ﬂTﬁ‘1]Tﬁ’EN?fﬂTHﬂTﬁﬂ!'U1!ﬂ@llW?Lﬁ@ﬁWWHIﬂillﬂﬁﬂﬁHiﬂzﬂ HAZHAIINNITNATDUIINYA

a o q9 ' ¢ Y Yo Sy g an Y
ﬂﬂﬁ@ﬂ%ﬁ\iﬂWiﬁ‘ﬂ'D'TU'J1ﬂ15ﬂ?UﬂNLLUUL?ﬂL@]@ﬁﬂWQ@@NT@Elﬂf]fﬁ’]ﬂ’]‘ﬂﬁ]ll“ﬂulﬂﬁnﬂ')‘ﬁfﬂiﬂu

a ’q ¥ < P 1 ~ v W ~
WWﬂNﬂﬂJmﬂﬂizﬂﬁﬂﬁlWWﬁﬂﬂUﬁufNﬂ'NiJLﬁ?i@ﬂﬂl@\‘lﬂﬂmf)i“ﬂﬂﬂﬁ1i$ﬂﬂ‘ﬂ@1ﬁﬂ@l?ﬂ?ﬂﬂuﬂ
9

1891nn1300nLUUAIITNITUUVAUAY 510021D8ANTITOONUDUAIAILAN 1ATIAS1IA2

4 a @ a
ALAVUVUINADI N1BOY TAUDINMTAT19gANadouTe 1dsunisesurelavazidonlu

£4
Aawv a a 4
NUIVIINOIHNUT

131 3035y i aeiorerinAny

= = A A P
1nsANYI 2556 A8UYD19150NUT AW




PAKDEE SAWATNATEE : THE IMPLEMENTATION OF THREE
PHASE INDUCTION MOTOR VIA INDIRECT VECTOR CONTROLS.

THESIS ADVISOR : ASST. PROF. KONGPAN AREERAK, Ph.09 PP.

INDIRECT VECTOR CONTROLS / THREE PHASE INDUCTION MI®@R /

ADAPTIVE TABU SEARCH

The thesis presents the mathematical model ok{phase induction motor
used with SimPowerSystems of MATLAB to study théndngor of such induction
motor. The indirect vector control is selected tmntcol the speed of the motor
because this control technique does not need ulvenfeasurement. The PI controller
design for the indirect vector control using thenaentional method and the artificial
intelligence (Al) method are fully explained in thbesis. The results from the
simulation of the software package called MATLABdagxperiment show that the
speed responses when the system uses the costrddigigned from the Al method
can provide the better output performance compaitddthose from the conventional
method. The details how to design the indirect steaontrollers and how to

implement the testing rig are addressed in thisishe
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d
2.3 msudasuuuaaisn (Clarke’s Transformation)
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g1 2.2 madastSuamula abe Theguuunu of

G

e

WsanngUii 2.2 o2 Idaunmsmamlaanu abe il op 1adadl

f = f —f,sin30 — f.siN30 = f, —= f, — =, (23)
275
f, =0+ f,cos30" - f_cos30 :g f, 3 (2-4)

2 (o4
NNAUMIN (2-3) tazaumsn 2-4) Wewdluwmsng ldadsaunisn 2-5)

[faﬁo] :[Taﬂo][fabc] (2-5)
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T 10 =l-= ¥ 1
RUY [Ts0] > 5
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L 2 2

J
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19 2.3 msmlasunuan of Ideguunnu dg

cosd sind
f 1= f 2-7
[Foo] {— siné cos@} 2 @D

unuaNMsn (2-5) asluaunsn 2-7) sz 1dilu

1 1
. TTETYS |

fg| | cos sing K 2 2| 2-8)
fo| [-sing cos| |, V3 V3| °
2,2

aumsh (2-8) ag1lnad 1@y

V3 1 V3 f

f cosy —lcosé?+—sin¢9 ——Cc0sf ———sind
{ d}:K 2 2 2
q

A 12 N f, (2-9)

—sin@ 1sin6’+—cos¢9 —sin@—-—cosy || f
2 2 2 2

NNAUMIN (2-9) Wenldlnudsaumsn (2-10)

f K. K. K a
[ d:|: K|: 1 12 13} fb (2-10)
fq K21 K22 K23
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NNAUMIN (2-9) Wen 1@ lnudsaumsn (2-10)

f K K K a
|: dj|=K|: 11 12 l3:| fb (2_10)
fq K21 K22 K23 f
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2 2 3 3
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K,; = %sin0—7cose = —s,inﬁcos%z—cosé?s,in2—7r = —sin(6’+2—”j

A = I A Jdo o s Yo
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tyo

[faq0] = [Tegol[Fanc] (2-11)

cosd  cos@ - 2?”) cos@ + 2?”)
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1 1 1

2 2 2

Tumanduiudrezudasnuainuny dg TddudSnamunla abe Aaunsariildas

aumsi (2-12)

[f aoe] = [Taqo] ~'[f ago] (2-12)
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aumseyiiusve T uivaaIAdAneT
[ve*1=[i"]R + t[\Ili'bc] (2-13)

aumsoyiusvesussduivaadn lsmes
. .d
ab ab ab
[Vr‘c] :[Ir'C]Rr +a[\|]rc] (2_14)
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e naunsi 2-21) nazaunisn (2-22) Beenusodoulvi Taseguulsunaaoudaluunu

WUTgALI (af ) 1dAsaumsi (2-23) wagaunsh (2-24)
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0O 10 q
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/IClarke transformation
lal = 0.67*1a-0.33*Ib-0.33*Ic; /AUIN e
Tbe = 0.58*(Ib-Ic); /MU i 5
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/lcalculate angle at synchronous speed

We = 2*Speedfilter + 49*Iqref: //ﬁwmmmmﬁa@wuﬁmmﬁa@ﬂmﬁfﬁ
tate = tate + We*Ts; //ﬁmamgmﬁmmﬁﬁﬂmﬁﬁ

if(tate >= 6.2832) {tate = 0;} //Mviuaanliliinu 6.2832 nie 2n

if(tate <= -6.2832) {tate = 0;} //fviuaniyuliliiosndi -6.2832 3o - 2n
if(tate < 0) {tate = 6.2832 + tate;} //ﬁ1u’;mﬁmu1wmﬁa§mﬁmﬂ”j1 0
tate_point — tate¥143.24; /by lfnaniiessysumiamsidamsng
sinwe = sin_table[tate_point]; /A1 sin 91M3Aaa1519

coswe = cos_table[tate_point]; /A1 cos MMNNMTAANITI
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Y
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/Ipark transformation

Id = Tal*coswe + Ibe*sinwe; /ATUIUNTIUA i

Iq = Ibe*coswe - lal*sinwe; /MUIUNTLUA iqs
Tdsunsumpidvesgiarvauanuslaslddnvquuuni leearuguanuidisey
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/Ispeed loop PI control with anti-winup

errorspeed = SPEED_COM - SPEED_FILTER; /MmanuAana1avesqilanmuia
Us = sum + Kps*errorspeed; /AUt Us mﬂmimmmmuﬁ"la

Igref = Us; /A Us 131 Iqerf

if(Igref >= 1) {Igref = 1;} /itoarulildnsue Iqerflﬁu 1A

if(Igref <= -1){Iqref = -1;} yitoarulildnsue Iqerflﬁu -1A

sum = sum + (Kis*errorspeed); //MUIUAT sum
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/lcurrent loop PI control axis Iq with anti-winup

errorq = Igref - Ig; /MUIMHAANHKTOMUIUAHANIAY0INTAIVANNTEIAQL Q
errord = Idref - Id; //f1UIMNAA NUTOAIUIUARANAIAVDINTAIVAUNTZUAQY D
Uq = sumq + Kpi*errorq; /AU Uq i]”lﬂﬂ”liﬂ’J‘]JﬂllLL‘].l‘].lﬁ]l@

Ud = sumd + Kpi*errord; /A28 Ud 9InMsAIDANLLUN 1o

Vsqref = Ugq; /fum Uq 1B3u Vsqref

Vsdref = Ud; /fum Uq 13w Vsqref

if( Vsqref >= 70){Vsqref = 70;} /ilpafunsadu Vsqref T3l 70 Trad
if(Vsqref <= -70){Vsqref = -70;} /P oafuusadu Vsqref 130w -70 Taad
if(Vsdref >= 30){Vsdref = 30;} /Hloafuusedu vsdret lu1¥iAu 30 Toad
if(Vsdref <= -30){Vsdref = -30;} /tloafuusasu vsdref T1dau -30 Toad

sumq = sumq + (Kii*errorq); /AU sumq

sumd = sumd + (Kii*errord); /AUIUAT sumd
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/linverse praktranformatian
Va = Vd*coswe + Vq*sinwe; /MIAIUINUTIAU Va
Vb = ((sqrt(3)*Vg-Vd)*coswe+(sqrt(3)*Vd+Vq)*sinwe); /N3 AUIULITIAY Vb

Ve = ((-sqrt(3)*Vq-Vd)*coswe+(Vg-sqrt(3)*Vd)*sinwe); //MIAIUIULITIAY Ve
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EPwmI1Regs.CMPA half. CMPA = (-1)*Va; //ﬁ%}”lﬂﬁigig”lm PWM vouna A

EPwm2Regs.CMPA half. CMPA = (-1)*Vb; Jadaduana PWM vourla B

g 9

EPwm3Regs.CMPA half. CMPA = (-1)*Vc¢; Jafaduana PWM vosla C
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#include "DSP28x_Project.h" // Device Headerfile and Examples Include File

#include "DSP2833x_ Device.h" // Device Headerfile and Examples Include File

#include "DSP2833x_Examples.h"

#include "math.h"

// ADC start parameters

#if (CPU_FRQ _150MHZ) // Default - 150 MHz SYSCLKOUT

#define ADC_MODCLK 0x3 // HSPCLK = SYSCLKOUT/2*ADC_MODCLK?2
= [50/(2*%3) =25.0 MHz

#endif

#if (CPU_FRQ_100MHZ)

#define ADC_MODCLK 0x2 // HSPCLK = SYSCLKOUT/2*ADC_MODCLK?2

=100/(2*2) =25.0 MHz

#endif

#define ADC_CKPS 0x0 // ADC module clock = HSPCLK/1 = 25.5MHz/(1) = 25.0 MHz

#define ADC_SHCLK 0x1 // S/H width in ADC module periods =2 ADC cycle

#define AVG 1000 // Average sample limit

#define ZOFFSET 0x00 // Average Zero offset

#define BUF_SIZE 1024 // Sample buffer size

/I Prototype statements for functions found within this file.

void InitEPwm1Example(void);

void InitEPwm2Example(void);

void InitEPwm3Example(void);

interrupt void epwm1_isr(void);

interrupt void epwm2_isr(void);

interrupt void epwm3_isr(void);

interrupt void cpu_timer(_isr(void);

void Gpio_select(void);

void DACport(void);

void delay_loop(void);
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void DACport(int16 kkk,int Chan);
Uintl6 1

Uint16 kkk;

/I Global variables used in this example
Uint32 EPwmlTimerIntCount;
Uint32 EPwm2TimerIntCount;
Uint32 EPwm3TimerIntCount;
Uintl6 EPwml_DB_Direction;
Uintl6 EPwm2 DB Direction;
Uintl6 EPwm3_DB_Direction;
/I low pass filter

float Ia_filter = 0;

float Ib_filter = 0;

float SPEED_FILTER = 0;

/l samping time

float Ts = 0.0001;

int LOOP = 1;

/I Variable speed

float errorspeed,Excess,Us;
float SPEED_COM = 50;

float SPEED_encoder wm = 0;
int32 SPEED_encoder = 0;
float sum = 0;

float COUNTER = 0;

/I tate

float we,sinwe,coswe;

float tate = 0;

int16 tate_point = 0;

/l PI Iq

float Uq,Ud,errorq,errord, Vsqref,Vsdref,Excessq,Excessd;
float sumq = 0;

float sumd = 0;
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float Iqref = 0;

float Idref = 0.4;

float Vsqref,Vsdref;

/I Inverse Park tranformation
int32 Va,Vb,Vc;

float zz,qq,00,jj,gg.¢¢,ii,Vd,Vq,Val,Vbl,Vcl;
/I Park tranformation

int32 IADC4 =0;

int32 JADC5 =0;

int32 JADC6 =0;

int32 SADC1 =0;

float Ia,Ib,Ic,Ial,Ibe;

float Id,Iq;

/I send data

intl6 CCT1 =0;

intl6 CCT2 =0;

int32 Voutl,Vout2,Vout3;

float sin_table[900]=

{0,0.0070,0.0140,0.0209,0.0279,0.0349,0.0419,0.0488,0.0558,0.0628,0.0698,0.0767,0.0837,0.0906,

0.0976,0.1045,0.1115,0.1184,0.1253,0.1323,0.1392,0.1461,0.1530,0.1599,0.1668,0.1736,0.1805,
0.1874,0.1942,0.2011,0.2079,0.2147,0.2215,0.2284,0.2351,0.2419,0.2487,0.2554,0.2622,0.2689,
0.2756,0.2823,0.2890,0.2957,0.3024,0.3090,0.3156,0.3223,0.3289,0.3355,0.3420,0.3486,0.3551,
0.3616,0.3681,0.3746,0.3811,0.3875,0.3939,0.4003,0.4067,0.4131,0.4195,0.4258,0.4321,0.4384,
0.4446,0.4509,0.4571,0.4633,0.4695,0.4756,0.4818,0.4879,0.4939,0.5000,0.5060,0.5120,0.5180,
0.5240,0.5299,0.5358,0.5417,0.5476,0.5534,0.5592,0.5650,0.5707,0.5764,0.5821,0.5878,0.5934,
0.5990,0.6046,0.6101,0.6157,0.6211,0.6266,0.6320,0.6374,0.6428,0.6481,0.6534,0.6587,0.6639,
0.6691,0.6743,0.6794,0.6845,0.6896,0.6947,0.6997,0.7046,0.7096,0.7145,0.7193,0.7242,0.7290,
0.7337,0.7385,0.7431,0.7478,0.7524,0.7570,0.7615,0.7660,0.7705,0.7749,0.7793,0.7837,0.7880,
0.7923,0.7965,0.8007,0.8049,0.8090,0.8131,0.8171,0.8211,0.8251,0.8290,0.8329,0.8368,0.8406,
0.8443,0.8480,0.8517,0.8554,0.8590,0.8625,0.8660,0.8695,0.8729,0.8763,0.8796,0.8829,0.8862,
0.8894,0.8926,0.8957,0.8988,0.9018,0.9048,0.9078,0.9107,0.9135,0.9164,0.9191,0.9219,0.9245,

0.9272,0.9298,0.9323,0.9348,0.9373,0.9397,0.9421,0.9444,0.9466,0.9489,0.9511,0.9532,0.9553,
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0.9573,0.9593,0.9613,0.9632,0.9650,0.9668,0.9686,0.9703,0.9720,0.9736,0.9751,0.9767,0.9781,
0.9796,0.9810,0.9823,0.9836,0.9848,0.9860,0.9871,0.9882,0.9893,0.9903,0.9912,0.9921,0.9930,
0.9938,0.9945,0.9952,0.9959,0.9965,0.9971,0.9976,0.9980,0.9984,0.9988,0.9991,0.9994,0.9996,
0.9998,0.9999,1.0000,1.0000,1.0000,0.9999,0.9998,0.9996,0.9994,0.9991,0.9988,0.9984,0.9980,
0.9976,0.9971,0.9965,0.9959,0.9952,0.9945,0.9938,0.9930,0.9921,0.9912,0.9903,0.9893,0.9882,
0.9871,0.9860,0.9848,0.9836,0.9823,0.9810,0.9796,0.9781,0.9767,0.9751,0.9736,0.9720,0.9703,
0.9686,0.9668,0.9650,0.9632,0.9613,0.9593,0.9573,0.9553,0.9532,0.9511,0.9489,0.9466,0.9444,
0.9421,0.9397,0.9373,0.9348,0.9323,0.9298,0.9272,0.9245,0.9219,0.9191,0.9164,0.9135,0.9107,
0.9078,0.9048,0.9018,0.8988,0.8957,0.8926,0.8894,0.8862,0.8829,0.8796,0.8763,0.8729,0.8695,
0.8660,0.8625,0.8590,0.8554,0.8517,0.8480,0.8443,0.8406,0.8368,0.8329,0.8290,0.8251,0.8211,
0.8171,0.8131,0.8090,0.8049,0.8007,0.7965,0.7923,0.7880,0.7837,0.7793,0.7749,0.7705,0.7660,
0.7615,0.7570,0.7524,0.7478,0.7431,0.7385,0.7337,0.7290,0.7242,0.7193,0.7145,0.7096,0.7046,
0.6997,0.6947,0.6896,0.6845,0.6794,0.6743,0.6691,0.6639,0.6587,0.6534,0.6481,0.6428,0.6374,
0.6320,0.6266,0.6211,0.6157,0.6101,0.6046,0.5990,0.5934,0.5878,0.5821,0.5764,0.5707,0.5650,
0.5592,0.5534,0.5476,0.5417,0.5358,0.5299,0.5240,0.5180,0.5120,0.5060,0.5000,0.4939,0.4879,
0.4818,0.4756,0.4695,0.4633,0.4571,0.4509,0.4446,0.4384,0.4321,0.4258,0.4195,0.4131,0.4067,
0.4003,0.3939,0.3875,0.3811,0.3746,0.3681,0.3616,0.3551,0.3486,0.3420,0.3355,0.3289,0.3223,
0.3156,0.3090,0.3024,0.2957,0.2890,0.2823,0.2756,0.2689,0.2622,0.2554,0.2487,0.2419,0.2351,
0.2284,0.2215,0.2147,0.2079,0.2011,0.1942,0.1874,0.1805,0.1736,0.1668,0.1599,0.1530,0.1461,
0.1392,0.1323,0.1253,0.1184,0.1115,0.1045,0.0976,0.0906,0.0837,0.0767,0.0698,0.0628,0.0558,
0.0488,0.0419,0.0349,0.0279,0.0209,0.0140,0.0070,0.0000,-0.0070,-0.0140,-0.0209,-0.0279,-0.0349,
-0.0419,-0.0488,-0.0558,-0.0628,-0.0698,-0.0767,-0.0837,-0.0906,-0.0976,-0.1045,-0.1115,-0.1184,
-0.1253,-0.1323,-0.1392,-0.1461,-0.1530,-0.1599,-0.1668,-0.1736,-0.1805,-0.1874,-0.1942,-0.2011,
-0.2079,-0.2147,-0.2215,-0.2284,-0.2351,-0.2419,-0.2487,-0.2554,-0.2622,-0.2689,-0.2756,-0.2823,
-0.2890,-0.2957,-0.3024,-0.3090,-0.3156,-0.3223,-0.3289,-0.3355,-0.3420,-0.3486,-0.3551,-0.36 16,
-0.3681,-0.3746,-0.3811,-0.3875,-0.3939,-0.4003,-0.4067,-0.4131,-0.4195,-0.4258,-0.4321,-0.4384,
-0.4446,-0.4509,-0.4571,-0.4633,-0.4695,-0.4756,-0.4818,-0.4879,-0.4939,-0.5000,-0.5060,-0.5120,
-0.5180,-0.5240,-0.5299,-0.5358,-0.5417,-0.5476,-0.5534,-0.5592,-0.5650,-0.5707,-0.5764,-0.5821,
-0.5878,-0.5934,-0.5990,-0.6046,-0.6101,-0.6157,-0.6211,-0.6266,-0.6320,-0.6374,-0.6428,-0.6481,
-0.6534,-0.6587,-0.6639,-0.6691,-0.6743,-0.6794,-0.6845,-0.6896,-0.6947,-0.6997,-0.7046,-0.7096,
-0.7145,-0.7193,-0.7242,-0.7290,-0.7337,-0.7385,-0.7431,-0.7478,-0.7524,-0.7570,-0.7615,-0.7660,

-0.7705,-0.7749,-0.7793,-0.7837,-0.7880,-0.7923,-0.7965,-0.8007,-0.8049,-0.8090,-0.8131,-0.8171,




193

-0.8211,-0.8251,-0.8290,-0.8329,-0.8368,-0.8406,-0.8443,-0.8480,-0.8517,-0.8554,-0.8590,-0.8625,
-0.8660,-0.8695,-0.8729,-0.8763,-0.8796,-0.8829,-0.8862,-0.8894,-0.8926,-0.8957,-0.8988,-0.9018,
-0.9048,-0.9078,-0.9107,-0.9135,-0.9164,-0.9191,-0.9219,-0.9245,-0.9272,-0.9298,-0.9323,-0.9348,
-0.9373,-0.9397,-0.9421,-0.9444,-0.9466,-0.9489,-0.9511,-0.9532,-0.9553,-0.9573,-0.9593,-0.9613,
-0.9632,-0.9650,-0.9668,-0.9686,-0.9703,-0.9720,-0.9736,-0.9751,-0.9767,-0.9781,-0.9796,-0.9810,
-0.9823,-0.9836,-0.9848,-0.9860,-0.9871,-0.9882,-0.9893,-0.9903,-0.9912,-0.9921,-0.9930,-0.9938,
-0.9945,-0.9952,-0.9959,-0.9965,-0.9971,-0.9976,-0.9980,-0.9984,-0.9988,-0.9991,-0.9994,-0.9996,
-0.9998,-0.9999,-1.0000,-1.0000,-1.0000,-0.9999,-0.9998.,-0.9996,-0.9994,-0.9991,-0.9988,-0.9984,
-0.9980,-0.9976,-0.9971,-0.9965,-0.9959,-0.9952,-0.9945,-0.9938,-0.9930,-0.9921,-0.9912,-0.9903,
-0.9893,-0.9882,-0.9871,-0.9860,-0.9848,-0.9836,-0.9823,-0.9810,-0.9796,-0.9781,-0.9767,-0.9751,
-0.9736,-0.9720,-0.9703,-0.9686,-0.9668,-0.9650,-0.9632,-0.9613,-0.9593,-0.9573,-0.9553,-0.9532,
-0.9511,-0.9489,-0.9466,-0.9444,-0.9421,-0.9397,-0.9373,-0.9348,-0.9323,-0.9298,-0.9272,-0.9245,
-0.9219,-0.9191,-0.9164,-0.9135,-0.9107,-0.9078,-0.9048,-0.9018,-0.8988,-0.8957,-0.8926,-0.8894,
-0.8862,-0.8829,-0.8796,-0.8763,-0.8729,-0.8695,-0.8660,-0.8625,-0.8590,-0.8554,-0.8517,-0.8480,
-0.8443,-0.8406,-0.8368,-0.8329,-0.8290,-0.8251,-0.8211,-0.8171,-0.8131,-0.8090,-0.8049,-0.8007,
-0.7965,-0.7923,-0.7880,-0.7837,-0.7793,-0.7749,-0.7705,-0.7660,-0.76 15,-0.7570,-0.7524,-0.7478,
-0.7431,-0.7385,-0.7337,-0.7290,-0.7242,-0.7193,-0.7145,-0.7096,-0.7046,-0.6997,-0.6947,-0.6896,
-0.6845,-0.6794,-0.6743,-0.6691,-0.6639,-0.6587,-0.6534,-0.6481,-0.6428,-0.6374,-0.6320,-0.6266,
-0.6211,-0.6157,-0.6101,-0.6046,-0.5990,-0.5934,-0.5878,-0.5821,-0.5764,-0.5707,-0.5650,-0.5592,
-0.5534,-0.5476,-0.5417,-0.5358,-0.5299,-0.5240,-0.5180,-0.5120,-0.5060,-0.5000,-0.4939,-0.4879,
-0.4818,-0.4756,-0.4695,-0.4633,-0.4571,-0.4509,-0.4446,-0.4384,-0.4321,-0.4258,-0.4195,-0.4131,
-0.4067,-0.4003,-0.3939,-0.3875,-0.3811,-0.3746,-0.3681,-0.3616,-0.3551,-0.3486,-0.3420,-0.3355,
-0.3289,-0.3223,-0.3156,-0.3090,-0.3024,-0.2957,-0.2890,-0.2823,-0.2756,-0.2689,-0.2622,-0.2554,
-0.2487,-0.2419,-0.2351,-0.2284,-0.2215,-0.2147,-0.2079,-0.2011,-0.1942,-0.1874,-0.1805,-0.1736,
-0.1668,-0.1599,-0.1530,-0.1461,-0.1392,-0.1323,-0.1253,-0.1184,-0.1115,-0.1045,-0.0976,-0.0906,
-0.0837,-0.0767,-0.0698,-0.0628,-0.0558,-0.0488,-0.0419,-0.0349,-0.0279,-0.0209,-0.0140,-0.0070} ;
float cos_table[900]=
{1,1,0.9999,0.9998,0.9996,0.9994,0.9991,0.9988,0.9984,0.9980,0.9976,0.9971,0.9965,0.9959,0.9952
0.9945,0.9938,0.9930,0.9921,0.9912,0.9903,0.9893,0.9882,0.9871,0.9860,0.9848,0.9836,0.9823,
0.9810,0.9796,0.9781,0.9767,0.9751,0.9736,0.9720,0.9703,0.9686,0.9668,0.9650,0.9632,0.9613,
0.9593,0.9573,0.9553,0.9532,0.9511,0.9489,0.9466,0.9444,0.9421,0.9397,0.9373,0.9348,0.9323,

0.9298,0.9272,0.9245,0.9219,0.9191,0.9164,0.9135,0.9107,0.9078,0.9048,0.9018,0.8988,0.8957,
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0.8926,0.8894,0.8862,0.8829,0.8796,0.8763,0.8729,0.8695,0.8660,0.8625,0.8590,0.8554,0.8517,
0.8480,0.8443,0.8406,0.8368,0.8329,0.8290,0.8251,0.8211,0.8171,0.8131,0.8090,0.8049,0.8007,
0.7965,0.7923,0.7880,0.7837,0.7793,0.7749,0.7705,0.7660,0.7615,0.7570,0.7524,0.7478,0.7431,
0.7385,0.7337,0.7290,0.7242,0.7193,0.7145,0.7096,0.7046,0.6997,0.6947,0.6896,0.6845,0.6794,
0.6743,0.6691,0.6639,0.6587,0.6534,0.6481,0.6428,0.6374,0.6320,0.6266,0.6211,0.6157,0.6101,
0.6046,0.5990,0.5934,0.5878,0.5821,0.5764,0.5707,0.5650,0.5592,0.5534,0.5476,0.5417,0.5358,
0.5299,0.5240,0.5180,0.5120,0.5060,0.5000,0.4939,0.4879,0.4818,0.4756,0.4695,0.4633,0.4571,
0.4509,0.4446,0.4384,0.4321,0.4258,0.4195,0.4131,0.4067,0.4003,0.3939,0.3875,0.3811,0.3746,
0.3681,0.3616,0.3551,0.3486,0.3420,0.3355,0.3289,0.3223,0.3156,0.3090,0.3024,0.2957,0.2890,
0.2823,0.2756,0.2689,0.2622,0.2554,0.2487,0.2419,0.2351,0.2284,0.2215,0.2147,0.2079,0.2011,
0.1942,0.1874,0.1805,0.1736,0.1668,0.1599,0.1530,0.1461,0.1392,0.1323,0.1253,0.1184,0.1115,
0.1045,0.0976,0.0906,0.0837,0.0767,0.0698,0.0628,0.0558,0.0488,0.0419,0.0349,0.0279,0.0209,
0.0140,0.0070,0.0000,-0.0070,-0.0140,-0.0209,-0.0279,-0.0349,-0.0419,-0.0488,-0.0558,-0.0628,
-0.0698,-0.0767,-0.0837,-0.0906,-0.0976,-0.1045,-0.1115,-0.1184,-0.1253,-0.1323,-0.1392,-0.1461,
-0.1530,-0.1599,-0.1668,-0.1736,-0.1805,-0.1874,-0.1942,-0.2011,-0.2079,-0.2147,-0.2215,-0.2284,
-0.2351,-0.2419,-0.2487,-0.2554,-0.2622,-0.2689,-0.2756,-0.2823,-0.2890,-0.2957,-0.3024,-0.3090,
-0.3156,-0.3223,-0.3289,-0.3355,-0.3420,-0.3486,-0.3551,-0.3616,-0.3681,-0.3746,-0.3811,-0.3875,
-0.3939,-0.4003,-0.4067,-0.4131,-0.4195,-0.4258,-0.4321,-0.4384,-0.4446,-0.4509,-0.4571,-0.4633,
-0.4695,-0.4756,-0.4818,-0.4879,-0.4939,-0.5000,-0.5060,-0.5120,-0.5180,-0.5240,-0.5299,-0.5358,
-0.5417,-0.5476,-0.5534,-0.5592,-0.5650,-0.5707,-0.5764,-0.5821,-0.5878,-0.5934,-0.5990,-0.6046,
-0.6101,-0.6157,-0.6211,-0.6266,-0.6320,-0.6374,-0.6428,-0.6481,-0.6534,-0.6587,-0.6639,-0.6691,
-0.6743,-0.6794,-0.6845,-0.6896,-0.6947,-0.6997,-0.7046,-0.7096,-0.7145,-0.7193,-0.7242,-0.7290,
-0.7337,-0.7385,-0.7431,-0.7478,-0.7524,-0.7570,-0.7615,-0.7660,-0.7705,-0.7749,-0.7793,-0.7837,
-0.7880,-0.7923,-0.7965,-0.8007,-0.8049,-0.8090,-0.8131,-0.8171,-0.8211,-0.8251,-0.8290,-0.8329,
-0.8368,-0.8406,-0.8443,-0.8480,-0.8517,-0.8554,-0.8590,-0.8625,-0.8660,-0.8695,-0.8729,-0.8 763,
-0.8796,-0.8829,-0.8862,-0.8894,-0.8926,-0.8957,-0.8988,-0.9018,-0.9048,-0.9078,-0.9107,-0.9135,
-0.9164,-0.9191,-0.9219,-0.9245,-0.9272,-0.9298,-0.9323,-0.9348,-0.9373,-0.9397,-0.9421,-0.9444,
-0.9466,-0.9489,-0.9511,-0.9532,-0.9553,-0.9573,-0.9593,-0.9613,-0.9632,-0.9650,-0.9668,-0.96 86,
-0.9703,-0.9720,-0.9736,-0.9751,-0.9767,-0.9781,-0.9796,-0.9810,-0.9823,-0.9836,-0.9848,-0.9860,
-0.9871,-0.9882,-0.9893,-0.9903,-0.9912,-0.9921,-0.9930,-0.9938,-0.9945,-0.9952,-0.9959,-0.9965,
-0.9971,-0.9976,-0.9980,-0.9984,-0.9988,-0.9991,-0.9994,-0.9996,-0.9998,-0.9999,-1.0000,-1.0000,

-1.0000,-0.9999,-0.9998,-0.9996,-0.9994,-0.9991,-0.9988,-0.9984,-0.9980,-0.9976,-0.9971,-0.9965,
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-0.9959,-0.9952,-0.9945,-0.9938,-0.9930,-0.9921,-0.9912,-0.9903,-0.9893,-0.9882,-0.9871,-0.9860,
-0.9848,-0.9836,-0.9823,-0.9810,-0.9796,-0.9781,-0.9767,-0.9751,-0.9736,-0.9720,-0.9703,-0.9686,
-0.9668,-0.9650,-0.9632,-0.9613,-0.9593,-0.9573,-0.9553,-0.9532,-0.9511,-0.9489,-0.9466,-0.9444,
-0.9421,-0.9397,-0.9373,-0.9348,-0.9323,-0.9298,-0.9272,-0.9245,-0.9219,-0.9191,-0.9164,-0.9135,
-0.9107,-0.9078,-0.9048,-0.9018,-0.8988,-0.8957,-0.8926,-0.8894,-0.8862,-0.8829,-0.8796,-0.8 763,
-0.8729,-0.8695,-0.8660,-0.8625,-0.8590,-0.8554,-0.8517,-0.8480,-0.8443,-0.8406,-0.8368,-0.8329,
-0.8290,-0.8251,-0.8211,-0.8171,-0.8131,-0.8090,-0.8049,-0.8007,-0.7965,-0.7923,-0.7880,-0.7837,
-0.7793,-0.7749,-0.7705,-0.7660,-0.7615,-0.7570,-0.7524,-0.7478,-0.7431,-0.7385,-0.7337,-0.7290,
-0.7242,-0.7193,-0.7145,-0.7096,-0.7046,-0.6997,-0.6947,-0.6896,-0.6845,-0.6794,-0.6743,-0.6691,
-0.6639,-0.6587,-0.6534,-0.6481,-0.6428,-0.6374,-0.6320,-0.6266,-0.6211,-0.6157,-0.6101,-0.6046,
-0.5990,-0.5934,-0.5878,-0.5821,-0.5764,-0.5707,-0.5650,-0.5592,-0.5534,-0.5476,-0.5417,-0.5358,
-0.5299,-0.5240,-0.5180,-0.5120,-0.5060,-0.5000,-0.4939,-0.4879,-0.4818,-0.4756,-0.4695,-0.4633,
-0.4571,-0.4509,-0.4446,-0.4384,-0.4321,-0.4258,-0.4195,-0.4131,-0.4067,-0.4003,-0.3939,-0.3875,
-0.3811,-0.3746,-0.3681,-0.3616,-0.3551,-0.3486,-0.3420,-0.3355,-0.3289,-0.3223,-0.3156,-0.3090,
-0.3024,-0.2957,-0.2890,-0.2823,-0.2756,-0.2689,-0.2622,-0.2554,-0.2487,-0.2419,-0.2351,-0.2284,
-0.2215,-0.2147,-0.2079,-0.2011,-0.1942,-0.1874,-0.1805,-0.1736,-0.1668,-0.1599,-0.1530,-0.1461,
-0.1392,-0.1323,-0.1253,-0.1184,-0.1115,-0.1045,-0.0976,-0.0906,-0.0837,-0.0767,-0.0698,-0.0628,
-0.0558,-0.0488,-0.0419,-0.0349,-0.0279,-0.0209,-0.0140,-0.0070,0.0000,0.0070,0.0140,0.0209,
0.0279,0.0349,0.0419,0.0488,0.0558,0.0628,0.0698,0.0767,0.0837,0.0906,0.0976,0.1045,0.1115,
0.1184,0.1253,0.1323,0.1392,0.1461,0.1530,0.1599,0.1668,0.1736,0.1805,0.1874,0.1942,0.2011,
0.2079,0.2147,0.2215,0.2284,0.2351,0.2419,0.2487,0.2554,0.2622,0.2689,0.2756,0.2823,0.2890,
0.2957,0.3024,0.3090,0.3156,0.3223,0.3289,0.3355,0.3420,0.3486,0.3551,0.3616,0.3681,0.3746,
0.3811,0.3875,0.3939,0.4003,0.4067,0.4131,0.4195,0.4258,0.4321,0.4384,0.4446,0.4509,0.4571,
0.4633,0.4695,0.4756,0.4818,0.4879,0.4939,0.5000,0.5060,0.5120,0.5180,0.5240,0.5299,0.5358,
0.5417,0.5476,0.5534,0.5592,0.5650,0.5707,0.5764,0.5821,0.5878,0.5934,0.5990,0.6046,0.6101,
0.6157,0.6211,0.6266,0.6320,0.6374,0.6428,0.6481,0.6534,0.6587,0.6639,0.6691,0.6743,0.6794,
0.6845,0.6896,0.6947,0.6997,0.7046,0.7096,0.7145,0.7193,0.7242,0.7290,0.7337,0.7385,0.7431,
0.7478,0.7524,0.7570,0.7615,0.7660,0.7705,0.7749,0.7793,0.7837,0.7880,0.7923,0.7965,0.8007,
0.8049,0.8090,0.8131,0.8171,0.8211,0.8251,0.8290,0.8329,0.8368,0.8406,0.8443,0.8480,0.8517,
0.8554,0.8590,0.8625,0.8660,0.8695,0.8729,0.8763,0.8796,0.8829,0.8862,0.8894,0.8926,0.8957,
0.8988,0.9018,0.9048,0.9078,0.9107,0.9135,0.9164,0.9191,0.9219,0.9245,0.9272,0.9298,0.9323,

0.9348,0.9373,0.9397,0.9421,0.9444,0.9466,0.9489,0.9511,0.9532,0.9553,0.9573,0.9593,0.9613,
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0.9632,0.9650,0.9668,0.9686,0.9703,0.9720,0.9736,0.9751,0.9767,0.9781,0.9796,0.9810,0.9823,
0.9836,0.9848,0.9860,0.9871,0.9882,0.9893,0.9903,0.9912,0.9921,0.9930,0.9938,0.9945,0.9952,
0.9959,0.9965,0.9971,0.9976,0.9980,0.9984,0.9988,0.9991,0.9994,0.9996,0.9998,0.9999,1 } ;
/I Maximum Dead Band values
#define EPWM1_MAX DB 0x03FF
#define EPWM2 MAX DB 0x03FF
#define EPWM3_MAX DB  0x03FF
#define EPWM1_MIN DB 0
#define EPWM2_MIN DB 0
#define EPWM3_MIN DB 0
/I To keep track of which way the Dead Band is moving
#define DB_UP 1
#define DB DOWN 0
/I Prototype statements for functions found within this file.
void main(void)
{
// Step 1. Initialize System Control:
// PLL, WatchDog, enable Peripheral Clocks
// This example function is found in the DSP2833x_SysCtrl.c file.
InitSysCtrl();
// Specific clock setting for this example:
EALLOW;
SysCtrlRegs.HISPCP.all = ADC_MODCLK; //HSPCLK = SYSCLKOUT/ADC MODCLK
EDIS;
// Step 2. Initalize GPIO:
// This example function is found in the DSP2833x_Gpio.c file and
//illustrates how to set the GPIO fto it's default state.
// InitGpio(); // Skipped for this example

Gpio_select();

// For this case just init GPIO pins for ePWMI, ePWM?2, ePWM3

// These functions are in the DSP2833x_EPwm.c file
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InitEPwm1Gpio();
InitEPwm2Gpio();

InitEPwm3 Gpio();

// Step 3. Clear all interrupts and initialize PIE vector table:
// Disable CPU interrupts

DINT;

// Initialize the PIE control registers to their default state.

// The default state is all PIE interrupts disabled and flags

// are cleared.

// This function is found in the DSP2833x_PieCtrl.c file.
InitPieCtrl();

// Disable CPU interrupts and clear all CPU interrupt flags:
IER = 0x0000;

IFR = 0x0000;

// Initialize the PIE vector table with pointers to the shell Interrupt

// Service Routines (ISR).

// This will populate the entire table, even if the interrupt

// is not used in this example. This is useful for debug purposes.

// The shell ISR routines are found in DSP2833x_Defaultlsr.c.

// This function is_found in DSP2833x_PieVect.c.
InitPieVectTable();

// Interrupts that are used in this example are re-mapped to

// ISR functions found within this file.

/) EALLOW; // This is needed to write to EALLOW protected registers

// PieVectTable. EPWMI1 _INT = &epwml _isr;

// PieVectTable EPWM?2 INT = &epwm?2 _isr,

// PieVectTable. EPWM3 _INT = &epwm3_isr;

// EDIS; // This is needed to disable write to EALLOW protected registers
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// Interrupts that are used in this example are re-mapped to
// ISR functions found within this file.
EALLOW,; // This is needed to write to EALLOW protected registers
PieVectTable. TINTO = &cpu_timer(_isr;
EDIS; // This is needed to disable write to EALLOW protected registers
// Step 41. Initialize the Device Peripheral. This function can be
// found in DSP2833x_CpuTimers.c
InitEPwm1Example();
InitEPwm2Example();
InitEPwm3Example();
InitCpuTimers(); // For this example, only initialize the Cpu Timers
#if (CPU_FRQ_150MHZ)
// Configure CPU-Timer 0 to interrupt every 500 milliseconds:
// 150MHz CPU Freq, 50 millisecond Period (in uSeconds)
ConfigCpuTimer(&CpuTimer0, 6, 2500); // 2.84 KHz
#endif
#if (CPU_FRQ_100MHZ)
// Configure CPU-Timer 0 to interrupt every 500 milliseconds:
// 100MHz CPU Freq, 50 millisecond Period (in uSeconds)
ConfigCpuTimer(&CpuTimer0, 100, 50000);
#endif

// To ensure precise timing, use write-only instructions to write to the entire register.

// of the configuration bits are changed in ConfigCpuTimer and InitCpuTimers (in

DSP2833x_CpuTimers.h), the

// below settings must also be updated.

CpuTimerORegs. TCR.all = 0x4001; // Use write-only instruction to set TSS bit = 0

// Step 5. User specific code, enable interrupts:

// Configure GPIO32 as a GPIO output pin

EALLOW;
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GpioCtrlRegs. GPBMUX1.bit. GPIO32 = 0;
GpioCtrlRegs.GPBDIR.bit. GPIO32 = 1;
GpioCtrlRegs. GPCMUX1.bit. GPIO79 = 0;
GpioCtrlRegs.GPCDIR.bit. GPIO79 = 1;
EDIS;

InitAdc(); // For this example, init the ADC

// Specific ADC setup for this example:

AdcRegs. ADCTRL1.bit. ACQ PS =ADC SHCLK; // Sequential mode: Sample rate

= 1/[(2+ACQ _PS)*ADC clock in ns]

// If Simultaneous mode enabled: Sample rate = 1/[(3+ACQ _PS)*ADC clock in ns]

AdcRegs. ADCTRL3.bit. ADCCLKPS = ADC_CKPS;

AdcRegs. ADCTRL1.bit.SEQ_CASC = 1; /1 Cascaded mode

AdcRegs. ADCCHSELSEQ1.bit. CONV00 = 0x0;

AdcRegs. ADCTRLI1.bit. CONT RUN=1;  //Setup continuous run

AdcRegs. ADCTRLI1.bit.SEQ OVRD =1;  //Enable Sequencer override feature

AdcRegs. ADCMAXCONV.bit MAX CONV1=0xf;

AdcRegs. ADCCHSELSEQ1.bit. CONV00 = 0x0;/40

AdcRegs. ADCCHSELSEQI1.bit. CONVO0I1 = 0x1;/41

AdcRegs. ADCCHSELSEQ!1.bit. CONV02 = 0x2;/42

AdcRegs. ADCCHSELSEQI1.bit. CONV03 = 0x3;/43

AdcRegs. ADCCHSELSEQ2.bit. CONV04 = 0x4;/44

AdcRegs. ADCCHSELSEQ2.bit. CONVO0S = 0x5;/45

AdcRegs. ADCCHSELSEQ2.bit. CONV06 = 0x6;/46

AdcRegs. ADCCHSELSEQ2.bit. CONVO07 = 0x7;/A7

AdcRegs. ADCCHSELSEQ3.bit. CONV0S8 = 0x8;/B0

AdcRegs. ADCCHSELSEQ3.bit. CONV09 = 0x9;/B1

AdcRegs. ADCCHSELSEQ3.bit. CONV10 = 0x0A;/B2

AdcRegs. ADCCHSELSEQ3.bit. CONV11 = 0x0B;/B3

AdcRegs. ADCCHSELSEQ4.bit. CONV12 = 0x0C;/B4

AdcRegs. ADCCHSELSEQ4.bit. CONV13 = 0x0D;/B5

AdcRegs. ADCCHSELSEQ4.bit. CONV14 = 0x0E;//B6
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AdcRegs. ADCCHSELSEQ4.bit. CONV15 = 0x0F;/B7
AdcRegs. ADCST.bit.INT _SEQ1 CLR =1;
/) AdcRegs. ADCMAXCONV.bit MAX CONVI1= Oxf; // convert and store in 8 results registers
AdcRegs. ADCTRL2.all = 0x2000;
// Enable CPU INT1 which is connected to CPU-Timer 0:
IER |=M_INT1;
// Enable TINTO in the PIE: Group 1 interrupt 7
PieCtrlRegs.PIEIER1.bit.INTx7 = 1;
// Enable global Interrupts and higher priority real-time debug events:
EINT; // Enable Global interrupt INTM
ERTM; // Enable Global realtime interrupt DBGM
// Step 4. Initialize all the Device Peripherals:
// This function is found in DSP2833x_InitPeripherals.c
// InitPeripherals(); // Not required for this example
EALLOW;
SysCtrlRegs.PCLKCRO.bit. TBCLKSYNC = 0;
EDIS;
EALLOW;
SysCtrlRegs.PCLKCRO.bit. TBCLKSYNC = 1;
EDIS;
// Enable global Interrupts and higher priority real-time debug events:
EINT; //Enable Global interrupt INTM
ERTM; // Enable Global real-time interrupt DBGM

// Step 6. IDLE loop. Just sit and loop forever (optional):

for(;;)

{ifLOOP == 1) // 100 usec

{
GpioDataRegs. GPADAT.bit. GPIO12 = !GpioDataRegs. GPADAT.bit. GPIO12;
LOOP = 0;
TIADC4 = (AdcRegs. ADCRESULT8>>4); // reading current values Ic

IADC5 = (AdcRegs. ADCRESULT9>>4); // reading current values Ib
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MADC6 = (AdcRegs. ADCRESULTI10>>4); // veading current values la

SADCI = (AdcRegs. ADCRESULTI1>>4); // reading speed values

Ia= (IADC4 - 2048)*0.0008976941558;
Ib= (IADCS5 - 2048)*0.0008976941558;
He= ((IADC6 - 2048)*130)/2048;
Ia_filter =1Ia_filter + 0.0909*(Ia - Ia_filter); // time constant = ImSec
Ib_filter =Ib_filter + 0.0909*(Ib - Ib_filter);
SPEED_encoder = (SADCI - 310);
SPEED_encoder wm = 0.02943*SPEED _encoder; // reted at 10kHz
SPEED FILTER = SPEED _ FILTER + 0.0909*(SPEED_encoder wm -
SPEED FILTER);
Jif(SPEED FILTER >= 60){SPEED FILTER = 60;}
/Mtate
Hgref =04,
we =2*SPEED_FILTER + 60*Iqref;
// We = Wr + Wis
tate = tate + we*Ts;
// Ts = 0.00010 Sec
if(tate >= 6.2832) {tate = 0;}// tate_ max=6.2832;
if(tate <= -6.2832){tate = 0;}// tate_min= -6.2832;
if(tate < 0){tate = 6.2832 + tate;}
tate _point = tate*143.24;
sinwe = sin_table[tate point];
coswe = cos_table[tate point];
/fclarke transformation PEAK CONVENTION
lal =1a _filter;
Ibe = 0.57735*(Ia_filter + 2*Ib_filter);
/Ipark transformation
Id = Ial*coswe + Ibe*sinwe;
Iq = Ibe*coswe - lal*sinwe;

//speed loop PI control with anti-winup
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SPEED_COM = 95;
errorspeed = SPEED COM - SPEED_FILTER; //rad/sec
Us = sum + 0.0272*errorspeed;
Igref = Us;
if(Tqref >= 1) {Igref = 1;}
if(Tqref <= -1){Iqref = -1;}
Excess = Us - Iqref;
sum = sum + (0.000010*errorspeed - 0.0005*Excess); //sum = sum +
22.24*errorspeed - 100*Excess)*10*Ts;
//eurrent loop PI control axis Iq with anti-winup
errorq = Iqref - Iq;
errord = Idref - Id;
Uq = sumq + 58*errorq;
Ud = sumd + 58*errord;
Vsqref = Ugq;
Vsdref = Ud;
if( Vsqref >= 70){Vsqref = 70;}
if( Vsqref <= -70){Vsqref = -70;}
if(Vsdref >= 30){Vsdref = 30;}
if(Vsdref <= -30){Vsdref = -30;}
Excessq = Uq - Vsqref;
Excessd = Ud - Vsdref;
sumq = sumq + (1.6375*errorq - 0.5*Excessq); /sumq = sumq + (27331.57 *errorq -
853 *Excessq) *Ts,
sumd = sumd + (1.6375*errord - 0.5*Excessd); /sumd = sumd + (27331.57 *errord -
853 *Excessd)*Ts;
//inverse praktranformatian
zz = Vsdref*coswe; // Va = Vd*cos(tate)+Vq*sin(tate)+50
qq = Vsqref*sinwe; // Vb = ((sqrt(3)*Vq-
Vd) *cos(tate)+(sqrt(3) *Vd+Vq) *sin(tate))+50
Jj = Vsqref*coswe; // Ve = ((-sqrt(3)*Vq-Vd) *cos(tate)+(Vq-sqrt(3) *Vd) *sin(tate)) +50)

gg = Vsdref*sinwe;
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ee = 1.73205%jj;
00 =1.73205*gg;

ii=qq - zz;

Val=zz - qq;

Vbl= (ee + oo + 11)*0.5;

Vel=(ii - ee - 00)*0.5;

Va=(-1)*Val + 75;

Vb = (-1)*Vbl + 75;

Ve=(-1)*Vel +75;
EPwml1Regs.CMPA.half. CMPA = Va;
EPwm2Regs.CMPA half. CMPA = Vb;

EPwm3Regs.CMPA half. CMPA = Vc;

H

void InitEPwm1Example()

{

EPwmlRegs.TBPRD = 150; // Set timer period
EPwmIlRegs.TBPHS. half. TBPHS = 0x0000; // Phase is 0
EPwmlRegs.TBCTR = 0x0000; // Clear counter

// Setup TBCLK
EPwmIRegs.TBCTL.bit. CTRMODE = TB_COUNT_UPDOWN; // Count up
EPwm1Regs. TBCTL.bit.PHSEN = TB_DISABLE; // Disable phase loading
EPwmIRegs. TBCTL.bit HSPCLKDIV =4;  // Clock ratio to SYSCLKOUT
EPwm1Regs. TBCTL.bit. CLKDIV = 4; // Slow just to observe on the scope 5.7 KHz
// Setup compare
EPwmlRegs.CMPA half. CMPA = 10;
// Set actions
EPwmlRegs.AQCTLA.bit.CAU = AQ_SET; // PWM toggle low/high
EPwmlRegs.AQCTLA.bit. CAD = AQ_CLEAR;
EPwmlRegs.AQCTLB.bit. CAU = AQ_CLEAR;
EPwmIlRegs.AQCTLB.bit. CAD = AQ_SET;

// Active high complementary PWMs - Setup the deadband
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EPwmIRegs.DBCTL.bit. OUT_MODE =DB_FULL ENABLE;
EPwmIRegs.DBCTL.bit. POLSEL = DB_ACTV_HIC;
EPwmIRegs.DBCTL.bit.IN_MODE = DBA_ALL;
EPwmIRegs.DBRED = 3;
EPwmIlRegs. DBFED = 3;
EPwml_DB_Direction = DB_UP;

}

void InitEPwm2Example()
{

EPwm2Regs.TBPRD = 150; // Set timer period
EPwm2Regs. TBPHS. half. TBPHS = 0x0000; // Phase is 0
EPwm2Regs. TBCTR = 0x0000; // Clear counter

// Setup TBCLK

EPwm2Regs. TBCTL.bit. CTRMODE = TB_COUNT _UPDOWN; // Count up
EPwm2Regs. TBCTL.bit.PHSEN = TB_DISABLE; // Disable phase loading
EPwm2Regs. TBCTL.bit HSPCLKDIV =4;  // Clock ratio to SYSCLKOUT
EPwm2Regs. TBCTL.bit. CLKDIV =4; // Slow just to observe on the scope
// Setup compare

EPwm2Regs.CMPA .half. CMPA = 10;

// Set actions

EPwm2Regs.AQCTLA.bit.CAU = AQ_SET; // Set PWM?2A on Zero
EPwm2Regs.AQCTLA.bit. CAD = AQ _CLEAR;
EPwm2Regs.AQCTLB.bit. CAU = AQ_CLEAR; // Set PWM?2A on Zero
EPwm2Regs.AQCTLB.bit. CAD = AQ_SET;

// Active high complementary PWMs - Setup the deadband

EPwm2Regs. DBCTL.bit.OUT _MODE = DB_FULL ENABLE;

EPwm2Regs. DBCTL.bit. POLSEL = DB_ACTV_HIC;
EPwm2Regs.DBCTL.bit.IN_ MODE = DBA_ALL;

EPwm2Regs.DBRED = 3;

EPwm2Regs.DBFED = 3;

EPwm2_DB_Direction = DB_UP;
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void InitEPwm3Example()
{

EPwm3Regs. TBPRD = 150; // Set timer period
EPwm3Regs. TBPHS.half. TBPHS = 0x0000; // Phase is 0
EPwm3Regs. TBCTR = 0x0000; // Clear counter

// Setup TBCLK
EPwm3Regs. TBCTL.bit. CTRMODE =TB_COUNT_UPDOWN; // Count up
EPwm3Regs. TBCTL.bit.PHSEN = TB_DISABLE; // Disable phase loading
EPwm3Regs. TBCTL.bit HSPCLKDIV =4;  // Clock ratio to SYSCLKOUT
EPwm3Regs. TBCTL.bit. CLKDIV = 4; // Slow so we can observe on the scope
// Setup compare
EPwm3Regs.CMPA half. CMPA = 10;
// Set actions
EPwm3Regs.AQCTLA.bit.CAU = AQ_SET; // Set PWM3A on Zero
EPwm3Regs.AQCTLA.bit.CAD = AQ CLEAR;
EPwm3Regs.AQCTLB.bit. CAU = AQ_CLEAR; // Set PWM3A on Zero
EPwm3Regs.AQCTLB.bit. CAD = AQ_SET;
// Active high complementary PWMs - Setup the deadband
EPwm3Regs. DBCTL.bit.OUT_MODE = DB _FULL ENABLE;
EPwm3Regs.DBCTL.bit.POLSEL = DB ACTV_HIC;
EPwm3Regs. DBCTL.bitIN MODE = DBA_ALL;
EPwm3Regs. DBRED = 3;
EPwm3Regs. DBFED = 3;
EPwm3_ DB _Direction = DB_UP;
H
interrupt void cpu_timer0Q_isr(void)
{
CpuTimer0.InterruptCount++;
LOOP =1;
// Acknowledge this interrupt to receive more interrupts from group 1

PieCtrlRegs.PIEACK.all = PIEACK_GROUPI;
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void Gpio_select(void)
{
EALLOW;
GpioCtrlRegs. GPAMUX1.all = 0x0000;
GpioCtrlRegs. GPBMUX1.all = 0x0000;  // GPIO functionality GPIO32-GPIO47
// GpioCtriRegs. GPBMUX2.all = 0x00000000;
GpioCtrlRegs. GPCMUX1.all = 0x0000;  // GPIO functionality GPIO64-GPIO79
// GpioCtrlRegs. GPCMUX2.all = 0x00000000;
GpioCtrlRegs.GPADIR.all = OxFFFF;
GpioCtrlRegs.GPBDIR.all = 0xFFFF;  / GPIO32-GPIO47 are output
GpioCtrlRegs.GPCDIR.all = OxFFFF;  // GPIO64-GPIO79 are output

EDIS;
}
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