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ABSTRACT

This report presents a study for a study for 32 bit Microcontroller application

in speed cootrol of Induction Motor. Implemmentation is dome by using
microcontroller to directly generate the pulse-width modulation pattern based on
the voltage space vector expressed in the stationary stator referemce frame.
Bxperimental results according to the constant V/F method verify the ability of
the microcontroller application. The study results verify the approach of the

implementation by using vector control method.
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Electrical Engineer KMITL '33
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#include "7032.h"
#define b 10
#idefine bi 200
#idefine high 1200
fidefine low 1200
fidefine M 4
#define K 6
fidefine ar 625
#define Ts 2
#define sig 107
fidefine sig_Ls 6
#idefine Isa 294
#define Rs 287
fidefine Ls 56
#define Ks 48

#define P_pair 2
extemn set_interrupt_mask(char);

long ch,inst Hz;

volatile unsigned short ad_value;

int testint; 4
long W,Wm,Wo,Wsl,0m,0s1,0,PLU,V.e_alp.e_beta, Wm_buffEn_test,
Osl__buff,o_buff,Om_buff,Isb,Isb_buff,Isbl,Wsl_buff,c_d,e_q,Volt;

short fwd,rev,real_dir,over,Ing,point, Ang, sinx,cosx;
char speed;
unsigned char T1,T2,T3,P1,P2,P3;



unsigned short theta theta_t period Encoder;
short sin1{1025}={
0 ,50 ,101,151 201 251,302,352 402 452,
503 ,553 ,603 ,653 ,704 ,754 ,804 ,854 905 955,
1005,1055,1106,1156,1206,1256,1307,1357,1407,1457,
1507,1558,1608,1658,1708,1758,1809,1859,1909,1959,
2009,2060,2110,2160,2210,2260,2310,2360,2411,2461,
2511,2561,2611,2661,2711,2761,2811,2861,2912,2962,
3012,3062,3112,3162,3212,3262,3312,3362,3412,3462,
3512,3562,3612,3662,3712,3762,3812,3861,3911,3961,
4011,4061,4111,4161,4211,4260,4310,4360,4410,4460,
4510,4559,4609,4659,4709,4758,4808,4858,4907,4957,
5007,5057,5106,5156,5205,5255,5305,5354,5404,5453,
5503,5553,5602,5652,5701,5751,5800,5850,5899,5948,
5998,6047,6097,6146,6195,6245,6294,6343,6393,6442,
6491,6541,6590,6639,6688,6737,6787,6836,6885,6934,
6983,7032,7081,7130,7180,7229,7278,7327,7376,7425,
7473,7522,7571,7620,7669,7718,7767,7816,7864,7913,
7962,8011,8059,8108,8157,8206,8254,8303,8351,8400,
8449,8497,8546,8594,8643,8691,8740,8788,8836,8885,
8933,8982,9030,9078, 9127,9175,9223,9271,9319,9368,
9416,9464,9512,9560,9608,9656,9704,9752,9800,9848,
9896,9944,9992,10040,10088 ,10135,10183,10231,10279,10326,
10374,10422,10469,10517,10565,10612,10660,10707,10755,10802,
10850,10897,10945,10992,11039,11087,11134,11181,11228,11276,
11323,11370,11417,11464,11511,11558,11605,11652,11699,11746,
11793,11840,11887,11934,11980,12027,12074,12121,12167,12214,
12261,12307,12354,12400,12447,12493,12540,12586,12633,12679,
12725,12772,12818,12864,12910,12957,13003,13049,13005,13141,
13187,13233,13279,13325,13371,13417,13463,13508,13554,13600,
13646,13691,13737,13783,13828,13874,13919,13965,14010,14056,
14101,14146,14192,14237,14282,14327,14373,14418,14463,14508,
14553,14598,14643,14688,14733,14778,14823,14867,14912,14957,
15002,15046,15091,15136,15180,15225,15269,15314,15358,15402,
15447,15491,15535,15580,15624,15668,15712,15756,15800,15844,



15888,15932,15976,16020,16064,16108,16151,16195,16239,16282,
16326,16369,16413,16456,16500,16543,16587,16630,16673,16717,
16760,16803,16846,16889,16932,16975,17018,17061,17104,17147,
17190,17233,17275,17318,17361,17403,17446,17488,17531,17573.
17616,17658,17700,17743,17785,17827,17869,17911,17953,17995,
18037,18079,18121,18163,18205,18247,18288,18330,18372,18413,
18455,18496,18538,18579,18621,18662,18703,18745,18786,18827,
18868,18909,18950,18991,19032,19073,19114,19155,19195,19236,
19277,19317,19358,19399,19439,19479,19520,19560,19601,19641,
19681,19721,19761,19801,19841,19881,19921,19961,20001,2004 1,
20081,20120,20160,20200,20239,20279,20318,20357,20397,20436,
20475,20515,20554,20593,20632,20671,20710,20749,20788,20827,
20865,20904,20943,20981,21020,21059,21097,21136,21174,21212,
21251,21289,21327,21365,21403,21441,21479,21517,21555,21593,
21631,21668,21706,21744,21781,21819,21856,21894,21931,21968,
22006,22043,22080,22117,22154,22191,22228 22265,22302,22339,
22375,22412,22449,22485,22522,22558,22595 22631,22668,22704,
22740,227176,22812,22848,22884,22920,22956,22992,23028,23064,
23099,23135,23170,23206,23241,23277,23312,23348,23383,23418,
23453,23488,23523,23558,23593,23628,23663,23697,23732,23767,
23801,23836,23870,23905,23939,23973,24008,24042,24076,24110,
24144 24178,24212,24246,24279,24313.24347,24380,24414,24448,
24481,24514,24548,24581,24614,24647,24680,24713,24746,24779,
24812,24845,24878,24910,24943,24976,25008,25041,25073,25105,
25138,25170,25202,25234,25266,25298,25330,25362,25394,25425,
25457,25489,25520,25552,25583,25615,25646,25677,25708,25739,
25771,25802,25833,25863,25894,25925,25956,25986,26017,26048,
26078,26108,26139,26169,26199,26229,26259,26290,26320,26349,
26379,26409,26439,26468,26498,26528 ;26557 26586,26616,26645,
26674,26704,26733,26762,26791,26820,26848,26877,26906,26935,
26963,26992,27020,27049,27077,27105,27133,27162,27190,27218,
27246,27273,27301,27329,27357,27384,27412,27440,27467 27494,
27522,27549,27576,27603,27630,27657,27684,27711,27738 27765,
27791,27818,27844,27871,27897,27924,27950,27976,28002,28028,
28054,28080,28106,28132,28158,28183,28209,28234,28260,28285,



28311,28336,28361,28386,28411,28436,28461,28486,28511,28536,
28560,28585,28610,28634,28658,28683,28707,28731,28755,28779,
28803,28827,28851,28875,28899,28922,28946,28970,28993,29016,
29040,29063,29086,29109,29132,29155,29178,29201,29224,29247,
29269.29292,29314,29337,29359,29381,29404,29426,29448,29470,
29492,29514,29535,29557,29579,29600,29622,29643,29665,29686,
29707,29729,29750,29771,29792,29813,29833,29854,29875,29895,
29916,29936,29957,29977,29997,30018,30038,30058,30078,30098,
30118,30137,30157,30177,30196,30216,30235,30254,30274,30293,
30312,30331,30350,30369,30388,30407,30425,30444,30462,30481,
30499,30518,30536,30554,30572,30590,30608,30626,30644,30662,
30680,30697,30715,30732,30750,30767,30784,30801,30819,30836,
30853,30869,30886,30903,30920,30936,30953,30969,30986,31002,
31018,31034,31050,31067,31082,31098,31114,31130,31146,31161,
31177,31192,31207,31223,31238,31253,31268,31283,31298,31313,
31328,31342,31357,31372,31386,31400,31415,31429,31443,31457,
31471,31485,31499,31513,31527,31540,31554,31568,31581,31594,
31608,31621,31634,31647,31660,31673,31686,31699,31711,31724,
31737,31749,31761,31774,31786,31798,31810,31822,31834,31846,
31858,31870,31881,31893,31904,31916,31927,31938,31950,31961,
31972,31983,31994,32005,32015,32026,32037,32047,32058,32068,
32078,32088,32099,32129,32119,32129,32138,32148,32158,32167,
32177,32186,32196,32205,32214,32224,32233,32242,32251,32259,
32268,32277,32286,32294,32303,32311,32319,32328,32336,32344,
32352,32360,32368,32376,32383,32391,32398,32406,32413,32421,
32428,32435,32442,32449,32456,32463,32470,32471,32483,32490,
32496,32503,32509,32515,32522,32528,32534,32540,32546,32551,
32557,32563,32568,32574,32579,32585,32590,32595,32600,32605,
32610,32615,32620,32625,32629,32634,52638,32643,32647,32551,
32656,32660,32664,32668,32672,32675,32679,32683,32686,32690,
32693,32697,32700,32703,32706,32709,32712,32715,32718,32721,
32723,32726,32729,32731,32733,32736,32738,32740,32742,32744,
32746,32748,32749,32751,32753,32754,32756,32757,32758,32759,
32760,32761,32762,32763,32764,32765,32766,32766,32767,32767,
32767,32767,32767,32767,32767  };



void set_port(void);
void delay(void);
void busywait(void);
void writeinst(long inst);
void writechar(long ch);
void write_vai(long c,long power);
void start_lcd(void);
void write_val(long c,long power);
long Om_cnv(void);
long diff(short Om);
long PI(ong Wm);
long slip(long Isb);
long Integrate(long Wisl);
long Integrate_op(long Wsl);
long O_cal(long Osl,long Om);
long e_alp_f(long Wo,long Isb);
long e¢_beta_f(long Wo,long Isb);

void PWM(long e_alp,long e_beta,short O);

[ System Initialize SAHHHMHMHHMMHHIHHHH
void set_port(void)
{
PFC.PAIOR.WORD = 0xCF80;
PFCPACR1.WORD = 0x0A02;
PFC.PACR2.WORD = 0xBF95;
PFCPBIOR WORD = 0x03FF;
PFCPBCR1.WORD = 0x01A0;
PFCPBCR2.WORD = OxAAAOQ;
INTCJCR.BIT.IRQ4S = 1;
INTC.IPRB.WORD I= 0x0000;
INTC.IPRC.WORD = 0x000B;
INTC.JPRD.WORD i= 0x0000;
INTC.JPRE.WORD = 0x0000;

PADR.WORD ' /' = 0x0000;



PB.DR.WORD = 0x0000;

PB.DR.WORD = 0x0001; [*inrush = 1%/

void get_time(void)
{
¥—-——- SET ITUO */

ITUO.TCNT = 0x0000; /*clear up count before start*/

ITUO.GRA = 100; /*get counter value = 40 usec */

ITUO.TCR.BYTE = 0x23; /*TCNT cleared by GRA using internal/8%/
ITUO.TIOR.BYTE =0; /*GRA used but with no input output ping*/
ITUO.TSR.BYTE =0 /*make sure all status flags cleared®/
ITUO.TIER.BYTE k= 0x01;  /*enable interrupt from GRA compare match®*/

ITU.TSTR.BYTE k= 0x01; /*start the counter®/

[¥esmerencooe— SET ITU1 */
ITULTCNT = 0x0000; [¥clear up count before start®/
ITUL.GRA = 1240;/*2480get counter value = 500 usec */
ITUL.TCR.BYTE = 0x23; /¥TCNT cleared by GRA using intemal/8*/

ITUL.TIORBYTE =0, T*GRA used but with no input output pins*/
ITULTSR.BYTE =0; [*make sure all status flags cleared®/
ITULTIER BYTE &= 0x01;  /*enable interrupt from GRA compare match*/
ITUTSTR.BYTE = 0x02; /*start the counter®/

f*—ss—eneeeenos SET PWM MODE e ¥/

ITU.TSTR.BYTE &= OxE7, *Stop TCNT3,TCNT4 */

ITU3. TCR.BYTE =0x03; /*TCNT3,TCNT#4 arc falling edge and*/
ITU4TCR.BYTE =0x03; /*counter clock = 10/8 MHz*/
ITU4.TIER.BYTE = 0x7C; [Interrupt by underflow*/

ITU.TFCR.BYTE = OxEQ; /*TCNT3,TCNT4 operrate together in PWM mode™/

ITU.TFCR.BYTE = OxOF; /*BFA3,BFB3,BFA4,BFB4 =1 buffer mode */
ITUTOCR.BYTE = O0xFC;  f*set O/P PWM invert¥/

ITU.TMDR.BYTE = 0x18; /*Set TCNT3,TCNT4 in PWM mode*/
ITU4.TCNT =0;

ITUTCNT  =9;  /*(12)Set dead time = 2.8 usec*/

ITU3.BRB = 50;

ITU4.BRA =50,



ITU4BRB = 50,
ITU3.BRA = 255; /[*Set switching's period = 200 usec*/
i ITU.TSTR.BYTE k= 0x78;- [*Start counting®*/

[¥~—~—————-PHASE COUNTING MODE—~——-
f ITU.TMDR.BYTE = 0x40;

*/

/*timer 2 to phase counting mode*/
ITU2.TIER.BYTE = 0x7C, [*timer 2 interrupt by overflow*/
ITU2TCNT  =0; '

ITU.TSTR.BYTE = 0x64; [*start counting*/

void set_ad(void)
{
ad_value = 0;

AD.CSR.BYTE = 0x47;

R

ADCRBYTE =0;

¥ AD.CSR.BYTE k= 0x20; [*enable A/D conversion®/

[ it LCD display function SHMHNMHHHHNNIN/

«  void delay(void)
o
long j=0,i=0;
for(j=0,j<7:j++)
. {

I

for(i=0;1<50000;i++) /* delay time*/

void write_ch(char word[12])
; {
short i;

long ch;



inst = 0x0800;
writeinst(inst);
inst = 0x0200;
writeinst(inat);
for(i=0;i<12;i++)
{
ch = (word[i])&(0x00F0);
ch = ch<<4;
writechar(ch);
ch = (word[i])&(0x000F);
ch = ch<<8;

writechar(ch);

}

/‘l

void writechar(long ch)

{

busywait();

PADR.WORD =ch;

PA.DRBIT.B14 =0, [FR/W=L%
PADRBIT.B7 =1; /RS =H%¥
PADRBIT.BI5 = 1; /* Enable = H */
PA.DR BIT.BIS = 0; /* Enable =L */

}

r *

void writeinst(long inst)

{
busywait();

PA.DR.WORD = inst;

PA.DR.BIT.B14 = 0; *R/W =L %
PA.DR.BIT.B7 =0; /RS =L ¥
PA.DRBIT.BIS = I; /* Enable = H %/

PA.DR.BIT.B15 = 0; /* Enable = L ¥/

*/



o =

r~ */

void busywait(void)
{

[
=

o

}

,‘

PADR.BITB7 =0,
PADR.BITB14 =1,
PFC PAIOR.BIT.B11 = 0;
PADRBIT.BIS = 1;
while(PA.DR.BIT.B11 == 1)
{
}
PA.DR.BIT.B15 = 0;

PFCPAICR.BIT.B11 = 1;

*
void start_lcd(void)
{
short =0;
PA.DR.BIT.B7 =0; /* RS clear ¥/
PA.DR.BIT.B14 = 0; /* R/W clear */
PA DR.BIT.B1S =0 /* Enable clear */
for(jm0;<3;j++)
{
delay();

PADR.WORD = 0x0200; /* set 4 bit interface,2 Iine */
PADRBITBI5S =1, /* Enable = H */
PA.DR.BIT.B15 = 0; /* Enable = L */
delay();
PADRWORD = 0x0800;
PADR.BIT.BI5 = 1; r* Enabis = H*¥/
PA.DR.BIT.B15 = 0; /* Enable = L ¥/

}

f¥==m=  get up display in desired configuration ====*/
inst = 0x0200;

/* set 4 bit interface,2 line display*/

writeinst(inst);

inst = 0x0800;



writeinst(inst);
inst = 0x0000; /* display on cursor off*/
writeinst(inst);
inst = 0x0C00;
' writeinst(inst);
inst = 0x0000; /* clear display ¥/
writeinst(inst);
t inst = 0x0100;
writeinst(inst);
inst = 0x0000; /* increment addr counter after each write®/
writeinst(inst);
inst = 0x0600;
writeinst(inst);
}
I */

¥ void write_val(long c,long power)

A

long d;

while(lng >= 1)
b
if(ing == point)
{
ch = 0x0200;
writechar(ch);
ch = 0x0E00;
' writechar(ch);

i else

if(ing>1)

{
d = cfpower;
¢ = c(d*power);
chet 0x0300;



' writechar(ch);
d = d<<8;
writechar(d);

power /= 10;

. ch = 0x0300;
writechar(ch);
¢ = c<<8;

{ writechar(c);

/ Finish LCD function

[HHN R Program interrupt  SHEMMHHHRHEHHHHH

#pragma interrupt(NMD
v void NMI(void)
{
ITU3.BRB = 0; /*82Control TIOCA3, TIOCB3%/
v ITU4.BRA = 0; /*Control TIOCA4,TOCXA4*%/
ITU4.BRB = 0; *Control TIOCB4,TOCXB4*/

while(PB.DR.BIT.B12 != 1) /*Wait clear fault buiton*/
: {
}

#pragma interrupt(IRQ_4)
1 void IRQ_4(void)
{



o

—n

#pragma interrupt(time_0)  /*40 usec?/
void time_ ((void)
{

/ITUO.TSR.BYTE &=0xFE;

/*Enable interrupt®/
}
fipragma interrupt(time_1) /*1 msec*/
void time_ 1(void)
{
ITU3.BRB = P1; /*P1,Control TIOCA3,TIOCB3*/

ITU4.BRA =P2; /*P2,Control TIOCA4,TOCXA4*/

ITU4.BRB = P3; *P3,Control TIOCB4,TOCXB4¥/

&,

/ main calculation

Om = Om_cav(); /* radian xxxxxx => x.xxxxx*/

Wm = diff(Encoder); [* rad/s ooxx => xxx.xx¥

Isb = PI(Wm); ¥ Amp xxxx => xx.xx¥/
Wil = slip(Isb); [* radfs xxxx => xx.xx¥/

Wo = (P_pair*Wm)+Wsl; /* radfs xooxx => xxx.xx*/
O = 0_cal(Osl,Om); /* radian xxxx => xxxx¥/

c_alp = e_alp_f(Wolsb); /* Volt xoxx => xxxxx¥/
¢_beta= ¢_beta_f(Wo,Isb); /* Volt xxxxx => xxx.xx*/
PWM(e_alp,c_beta,0);

ITUL.TSR.BYTE &=0xFE; [*Enable interrapt*/

*/

-}

1 #pragma interrupt(time_2)
void time__2(void)
{



ifITU2. TCNT = 0)
{

real_dir = fwd;
)
else
{

real_dir = rev;

ITU2.TCNT = 65199;
}
ITU2.TSR.BYTE &= OxFB; /* clear flag®/

#pragma mterrupt(time_4)
void time_4(void)
{

¢ [RURHNRHHHHHEHRHRH Other Function  sHMHHRHHMHHNHIEHEIY

I void delay_3s(void)
{
long t=0;
+  while(t<7000000)
{
t4++;

}

E TXHSTHHHHH A Calculation” Function SHHHRHHHEHHHEREY

long Om_cnv(void)
{
long Om;



Encoder = ITU2.TCNT ;

Encoder %= 400,

Om = Encoder * 1024; '
Om /= 100; /* degree 0-4096 */
En_test = Encoder;

—

return Om;

P& B8 88 88888 & && Differential E&&&EEEEEEEEE &S EELE*/
long diff(short Qm)
{
long Wm, Wm?2;
f{(Qm < Wm_buff)&(Wm>=0))
{
Wm_buff = 400 - Wm_buff;
Wm_buff *= -1;
}
f((Qm > Wm_buff)&(Wm<0))
{
Wm_buff = 400+Wm_buff;
}

Wm = Qm-Win_buff; [* cad/s xxxxx => xxx.xX ¥/

Wm_buff = Qm;
speed = Wm;
if{Wm<0)

speed = Wm - 112;
Wm2 = (speed*314158)/100; /* xxx.xx */
return Wm?2;

/¥ t_base = 500 usec ¥/

! Jong Pl(long Wim)
{

long x.y,z;



. Isb_buff = Isb;
. P = ((b*W)-Wm)*K;
x = I*1000;
' y = (W-Wm)*bi;
i z = (U-V)*ag;
I = (x+y+z)/1000;
V = P+I;
if(V >= high)
{
U=high;

if(V>=0)

U=V,

else

if(V >= low)

U=V,

else

U=low;

long slip(long Isb)
{

| long Wsl . trx.y;

3



x = Isb + Isb_buff;
y = (1-M)*Wsl_buff;
Wsl = (x-y)(14+M);
Wel_buff = Wsl;
Wsl_tr = Wsl*Ks;
Wsl_tr /=10 /¥ Wsl xxxx => xxxx */

retum Wsl__tr;

O_cal &&EEEEKEEEEEEEESEEESN

long O_cal(long Osl,Jong Om)
{

long O;

Osl = (Os1*6517)/1000000;

O = 0sl + (P_pair*Om);
O &= O0xOFFF,

retutn O;

long e_alp_f(long Wo.long Ist)
{
long e_alp,buff] buff2;

char s;
buffl = (Wo*Isb)/100;
s =Rs;
buff2 = (s*Is2)*10Q;
e_alp = buff2(sig_Ls*buffl);
e_alp /= 1000; B

retum e_alp;

. long 'e_beta_ f(long Wo,long Isb)
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long e_beta.x.y;
x = Rs*Isb*1000;
y = Wo*Ls*Isa;
e_beta =x+y;
e_beta /= 100000;

retum e_beta;

void PWM(long e_alp,long e_beta,short angel)
{

long ed,eq,cd,cq;
short a,5,NO,N1,N2,TEMP1,ang_buff;

/* find sin value ~——-————-.

ang_buff = angel;
if(angel>1023)
{
if(angel>2047)
{
if(angel>3071)
{
angel = (4094-angel);
sinx = sinl[angel];

sinx = -1%*sinx;

else

angel = (angel-2047);
sinx = sinlfangel];
sinx = -1%*sinx;

}

}

¥/

/* quadrant4 */

/* quadrant3 */



else

angel = (2046-angel);

sinx = sinlfangel]};

}
)
clse
{
sinx = sinl{angel];
}
r* find cos value

angel = ang_buff + 0x400;
angel &= OxOFFF;

if(angel>1023)
{
if(angel>2047)
{
if(angel>3071)
{
angel = (4094-angel);
cosx = sinlfangell;
cosx = -1*cosx;
}
else
{
angel = (angel-2047);
cosx = sinlangel];
cosx = -1¥cosx;
}
}
else
{

angel = (2046-angel),

cosx = sinl[angel];

/* quadrant2 */

*/




clse

{
cosx = sinl[angel];

]

ed = (e_alp¥cosx)(e_beta*sinx); /*Volt xxxxx => xxx.xx¥/

ed /= Ox7FFF,;

ed /= 10;

eq = (e_alp*sinx)+{e_beta*cosx);
eq /= OxTFFF,;

eq /= 10;

cd =ed; /* find sector */
cq =cq;
if(ed<0)
ed = d;
if(eg<0)
eq = -cq;
if((1000*eq) > (1732%ed))
am1;
else
a=0;
ed = cd,
eq = cq;
ifteq>0)
{
if(ed>0)
{
switch(a)
{
casge 0 : s=1; break;
case 1 : 5=2; break;



else

{
switch(a)
{
case 0 : 8=3; break;
case 1 : s=2; break;
)
}
}
else
{
if(ed>0)
{
switch(a)
{
case 0 : s=6; break;
case 1 : s=5; break;
}
}
clse
{
switch(a)
{
case 0 : 5=4; break;
case 1 : s=5; break;
)
}
}
eq = eq*137; P e
ed = ed*237; [* ed¥237 */
switch(s)
{
case 1 : N1 = (ed-eq)/2540; N1N2 xxx => xxx*/
N2 = (2%eq)/2540; ' /* base = 25410 */

TEMP1 = (N1+N2);



NO = (237-TEMP1)/2;
T3 =NO;

N1 +=NO;

Tl =NI;

N2 +=NI;

T2 =N2;

break;

case 2 : N2=(ed+eq)/2540;

Nl=(-ed+eq)/2540;
TEMP1 = (N1+N2);
NO = (237-TEMP1)/2;
Tl =NOC;
N1 4= NO;
T3 =N1;
N2 +=NI;
T2 =N2;

break;

case 3 : N2=(-ed-eq)/2540;

N1=(2%q)/2540;
TEMP1 = (N1+N2);
NO = (237-TEMP1)/2;

Tl =NO;
N1 +=NO;
T2 =NI1;

N2 +4=NI;
T3 =N2;

break;

case 4 : N2=(-ed+eq)/2540,

N1=(-2%eq)/2540;
TEMP1 = (N1+N2);

NO = (237-TEMP1)/2;
T2 =NO;

N1 += NO;

Tl =NI;

N2' '4='Ni;
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)

T3 =N2;
break;
case 5 : N2=(ed-eq)/2540;
N1=(-ed-eq)/2540;
TEMP1 = (N1+N2);

NO = (237-TEMP1)/2;
T2 =NO0,

N1 += NO;

T3 =NI;

N2 4= NI;

Tl =N2;

break;

case 6 : Nl=(cd+eq)/2540;

N2=(-2*%eq)/2540;
TEMP1 = (N14N2);
NO = (237-TEMP1)/2;
T3 =NO;

N1 += NO;

T2 =NI;

N2 +4=NI;
Tl =N2;

break;

if(T1 > 246)
T1 = 246,
if(T2 > 246)
T2 = 246,
if(T3 > 246)
T3 = 246;
if(T1 <9)
Ti=9;
(T2 < 9)
T2=9,
if(T3 < 9)
T3=9;



e Ao TR W oA

T1 4=9,
T2 4=9;
T3 +=9;

P1=TI;

P3 =T3;

[HHRHH A Main Program

void main(void)
{
short chk=0,dir,Jock Hz2;
long Isal,power,tpm,torque;
U=0V=0I=0;
real_dir = fwd;
dir = 1;
lock= -1;
over =0,
Osl = 0;
P1=0x0F; P2=0x0F; P3=0x0F;
Wm_buff =0;
Wisl_buff = 0;
Isb_buff = 0;

set_interrupt_mask(15);
set_port();

set_time();

set_ad();

start_led();

delay_3s0;

SR

PB.DR.WORD' = 0x0000; inrush = 0%



set_interrupt_mask(6);

while(1)
{

if((PB.DR .BIT.B15==0)&(PB.DR.BIT.B14==0)&(PB.DR.BIT.B13==0)
&(PB.DR.BIT.B12==0))
{

chk = 1;
}
if(chk==1)
{
ad_value = AD.DRD; /*¥Obtain new value*®/
AD.CSR.BYTE &= Ox7F;

AD.CSR.BYTE I= 0x20; [*enable A/D conversion®/
ad_value = ad_value >> 6;
Hz = (ad_value*99)/1023;
H22=Hz% 5;

Hz = Hz-Hz2,

W = Hz*31415/100;

inst = 0x0800;
writeinst(inst);

inst = 0x0100;
writeinst(inst);

Ing =2;

point = 0;

power = 10;

write_val(Hz,power); /* write Hz to LCD */

inst = 0x0C00;
writeinst(inst);
inst = 0x0000;
writeinst(inst);
f(Wm>=0)
1pm = Wm*300;
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clse
pm = -Wm*300;
Ing =5;
point= 0,
power= 10000;

write_ val(rpm,power);

ch=0x0200; /* space */
writechar(ch);
ch=0x0000;

writechar(ch);

Isb = 654;
Ing =5;
point= 3;
power= 100;
write_val(Isb,power); Srwrite Is to LCD ¥/
ch=0x0200; [* space ¥/
writechar(ch);
ch=0x0000;

writechar(ch);

bal = (Isa*Isbl)/Isb;

torque = (15%Isal*1sb1)/10000;
Ing =4

point= 3;

power= 1000;

write_val(torque,power);  /*write torque to LCD*/
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Vector table

STHHNHHEHH AR T M MRS A

SECTION VECT,DATA LOCATE=HA002000 ; Assings section VECT to address HA002000

JMPORT _start
JMPORT _NMI
IMPORT _IRQ_4
JIMPORT _time_0
JMPORT _time_1

JIMPORT _time_2
JMPORT _time_4

DATAL _start {O)INIT HO0x0 to HOx3
DATAL HAOOF000  ;(1)Stack HOx4 to HOx7
DATAL HO000B :(2)Manual reset HO0x8 to HOxB
DATAL HAOOF000  ;(3)Stack HOxC to HOxF

.DATA.L HO0013 1(4)General illigal instruction

DATA.L HO0017 :(5)(Reserved for system use) HOx14 to HOx17

.DATAL HO0IB ;(6)llegal slot instruction H'0x18 to HOx1B

.DATA.L HOOIF {(NReserved)

.DATAL HO0023 ;@) Reserved)

DATAL HO027 ;(9)CPU address error

.DATAL HO002B ] ;(10)DMA address error

DATAL _NMI ;(11)NMI Interrupts H'Ox2C to HOx2F

DATAL HO0033 ;(12)User break Interrupt HOx30 to HOx33
(Reserved)

.DATAL HO037 ;(13)(Reserved 13 - 31)

DATAL HO03B (14)

DATAL HOO3F (15)°

DATAL HO0043;(16)
DATAL HO0047;(17)
DATAL HO04B «(18)
DATAL HOO4F 3(19)
DATA.L H0053;(20)
DATAL HO0057:(21)
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DATAL HO005B (22)
.DATA.L HO00SF (23)
DATAL HO0063;(24)
DATAL HO067;(25
.DATAL HO006B 3(26)
DATAL HOOGF 27
DATAL HO0073;(28)
DATAL HO0077;(29)
DATAL HOO7B +(30)
.DATAL HOOTF :(31)(Reseved 13 - 31)
TRAPA 0 - 31
DATAL HO0083 :(32) 0 TRAPA (0 - 31)
DATAL HO0087 331
DATALL HO008B :(34) 2
DATAL HOOSF (353
DATAL H0093 :(36) 4
DATAL H0097 BDS5
DATAL HO009B :(38) 6
DATAL HOO09F :(39) 7
DATAL HOO0A3 (40) 8
DATAL HO0A7 (41) 9
DATAL HOOAR :(42) 10
.DATAL HOOAF (43) 11
.DATAL HOOB3 ;(44) 12
DATAL HOOB? :(45) 13
DATAL HOOBB :(46) 14
DATAL HOOBF 4N 15
DATAL H00C3 :(48) 16
DATAL HO00C7 (49) '17
.DATAL HO0OCB 3(50) 18
DATAL HOOCF :(51) 19
DATAL HO0D3 (52) 20
DATAL H00D7 :(53) 21
DATAL HOODB (54) 22
.DATAL 'HOODF {(55)23
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DATA.L HOO0E3 3(56) 24
.DATA.L HOOE? (5125
DATAL HOOEB ;(58) 26
.DATAL HOOEF (59 27
.DATAL HOO0F3 ;(60) 28
.DATA.L HOOF7 :(61) 29
.DATA.L HOOFB 3(62) 30
.DATAL HOOFF :(63) 31 TRAPA(O - 31)
3 IRQO0-7
.DATAL HO0103 J(6HIORQO H0x100 to H'0x103
.DATAL HO107 ;(65)IORQ1 H0x104 to HOx107
.DATAL HO10B ;(66)IORQ2 H'0x108 to H'0x10B
DATAL HOIOF :(6TIORQ3 H'0x10C to H'Ox10F
.DATAL _IRQ 4 ;(68YIORQ4 H'0x110 to HOx113
.DATAL HO117 {(69)IORQS5 HOx114 to HOx117
.DATAL HOIl1B ;(TOIORQ6 H'0x118 to H'Ox11B
.DATAL HOIIF ;(7DIORQ7 HOx11C to HOx11F
: DMACO-3
.DATAL HoO123 ;(72)DEI0 H'0X120 to HOx123
DATAL H0127 J(73)Reserved)
.DATA.L HO0I2B ;(74)DEI1 HOx128 to H'Ox12B
.DATAL HOI2F ;(75)Reserved)
DATAL HO0133 ;(76)DEI2 HOx130 to H'0x133
DATA.L H0137 {77 Reserved)
.DATAL HO13B ;(78)DEI3 H0x138 to HO0x13B
.DATAL HOI3F {79 Reserved)
; ITUO-4
;%% TTUQ **
.DATAL _time 0 ;(SO)ﬁVIIAO H0x140 to HO0x143
DATAL HO0147 ;(81IMIBO H0x144 to HOx147
.DATAL HO14B 3(82)OVIO HO0x148 to H'0x14B
.DATAL HO14F ;(83)(Reserved)
&% ITU] **
DATAL _time_1 J(@HIMIAT H'0x150 to H'O0x153
.DATAL

HO0157 J(85)IMIB1 H'0x154 to H'0x157



DATAL
.DATA.L

, ** ITU2 **
-DATAL
DATAL
.DATAL
DATAL

% [TU3 *=
.DATAL
.DATAL
.DATAL
.DATAL

*% TTU4 **
.DATAL
.DATAL
.DATAL
DATAL

HO15B
HO15F

HO0163
H0167
time_2

HO16F

HO0173
Ho0177
HO0178
H017F

HO0183
H0187

time_4

HO18F

s

%% SCIQ **
.DATAL
.DATAL
-DATAL
.DATAL

;¥% SCI] =+
.DATAL
-DATAL
DATAL
.DATAL

H0193
H0197
H019B
HOI9F

H'O1A3
HO1A7
HOIAB

-DATAL
DATAL

HO1B3
HO1B7

PRT & A/D

;(86)OVI1 H'0x158 to HOx15B
;(87)Reserved)

+(88)IMIA2 H'0x160 to H'0x163
:(89)IMIB2 H0x164 to H0x167
(90)OVI2 H'0x168 to HOx16B
(91 (Reserved)

+(92)IMIA3 H'0x170 to H'0x173
#(93)IMIB3 H'Ox174 to H0x177
;(9HO0VI3 H'O0x178 to HOx17B

;(95)(Reserved)

;(96)IMIA4 H'0x180 to H'0x183
H97)IMIB4 H0x184 to HOx187
;(98)OVI4 H'0x188 to H0x18B
(99 Reserved)

CIO0-1

;(100)ERI0 H'0x190 to HO0x193
;(101)RxI0 H'0x194 to HOx197
;(162)TxI0 HOx198 to HOx19B
J(103)TEIO H'Ox19C to HOx19F

;(104)ERI1 H'0x1A0 to HOx1A3
(105)RxT1 HOx1A4 to HOx1A7
;(106)TxI1 HOx1AS8 to HOx1AB
;(107}'1‘5[1 HOx1AC to HOx1AF

;(108)Parity control unit

J(109ITT AD

.END
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; Interrupt Service Program
ST A M

-section P,code,align=4

.global _set_interrupt_mask

; value passed in 4
_set_interrupt_mask:
movl rl4,@-r15

mov.l rl5r14

mov.] 10,@-r15
mov.l rl1,@-r15
stc  sr,x0 ;get current SR value
mov.] __mask,rl
and rlg0

shll2 4

shil2 r4

;clear the old imask bits

not rlrl

and rl.r4 sclear all but the imask bits
or 14,10 ;set the new imask bits

Ide 10sr ;load new SR value

movl] @rl15+,r1
mov.] @rl5+,.10

s
movl @ri5+r14

.align 4
—.mask:
.datal HFOF



;11 Reset initialisation code

N

R b g

.section P,code,align=4
.global _start

+Initialise stack pointer to new user stack
mov.] stack_krx15

;Iset up the bus controller for the EVB
;! WCR1 with 0
mov.l werl_k 0
sub rlrl
mov.w rl,@10
mov.l wer3_k,10
mov.w state_k.rl
mov.w rl@r0
;!BSR to use /LBS, /HBS, /WR
movl ber_ k10
mov.w bas_k,rl
bra  start_O

mov.w 1l,@10

.align 4
ber_k: .datal H'5ffffa0
werl_k: .datal H'Sffffa2
wor3_k: .datal H'S5ffffa6
Tesw 1

bas_k: - .data.w 'HO0800



;1Setup monitor vectors from A002000 onwards
;IBasically copy 00-11f to a002000-a00211f

mov  #0,10 ;Isetup pointer to monitor vector table
mov.] offsetrl ;Isetup pointer to new vector table
movl] vecend,r3 sladdress Ox11f stop value

nextvec:
;movl @102 ;1get data from monitor vector table
smovl] 2.@rl ;lwrite data to new vector table
;add #4090 ;lnext vector from monitor
;add #4411 ;inext vector to write to
;emp/gt 10,13 ;lonly write vectors up to extemal interrupts
;bt  nextvec J4if less than Ox11f next vector write

ilelse now update VBR to show new adddress of vector table
mov.]l offset,rO ;1get offset to start of vector table

lde 10,vbr ;load value in VBR

sInow initialise daa segments - either clear or set values
mov.l _D_BGN0

movl _D_ENDr1

movl _D_ROM2

start_1:
mov.] @r2,3 lget from src
movl 13,@10 ;Iplace in dest
add #2 ;line src
add #4510 sline dest
cmpfgt 10,1 ;ldest == _D_END?
bt start_1

;! zero out section B
mov] _B_BGNj0
movl] _B_ENDrl



mov  #012

start_2:
mov.l 12,@10
add #4410
cmp/ge 10,11
bt start_2
;! call main
movl main_k,10
jsr @0
or 10,10
;! call exit
mov 10,rd
mov.l exit_ks0
jsr @0
or 10,10
—exit: nop
bra _exit
nop
.align 2

exit_k: .datal _exit

main_k: .datal _main

offset:  .datal H'0A002000
vecend: .data] HO000011F

stack_k: .data.] H'OFFFFFFC

_D_ROM:
_D_BGN:
_D_END:
_B_BGN:
_B_END:

.datal HOAO07A00
.datal HOFFFE000
.data]l HOFFFEFFE
.data.l HOFFFF000
.data] HOFFFF100

.section C,data,align=4
.section D,data align=4
.section R data,align=4
.section B data,align=4

end

sstart address of section D
;start address of section R
;end address of section R
;start address of section B

;end address of section B



.section P,code,align=4
.global _set_interrupt_mask

_set_interrupt_mask:

mov.] rl4,@-rl5

movl 115114

mov.l 10,@-r15
movl rl,@-r15
stc  sr,00

raov.l __mask.rl
and r1.10

shil2 r4

shll2 r4

not rlrl

and rlr4

or 14,10

1dc rOsr
mov.] @rl5+,11
movl @r15+,10

its

movl @rl5+r14

; value passed in 14

;get current SR value

;clear the old tmask bits

;clear all but the imask bits
;set the new imask bits

;sload new SR value
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#pragma interrupt(time_1) /*1 msec¥/

'void time_ 1(void)

ITU3.BRB = PI; [*P1,Control TIOCA3,TIOCB3*/
ITU4.BRA = P2; /*P2,Control TIOCA4,TOCXA4*/
ITU4.BRB = P3; [*P3,Control TIOCB4,TOCXB4*/
I* main calculation */
if(Hz<50)
{
V = Hz*44,
}
else
{
V = 2200;

}

period = 10000/Hz;

theta = 40950/period;
theta_t = theta_t + theta;
theta_t &= OxOFFF,;
PWM(e_alp,e_betatheta_t);

ITULTSR.BYTE &=0xFE; [*Enable interrupt*/
}



2. Tumsadausadu va , vq Tuildduedudyone PwM ninauns
ed = (e_alp*cosx)-(e_beta*sinx);  /*Valt XXXXX => XXX.Xx*/
ed /= OXTFFF;
ed /= 10;

-

eq = (e_alp*sinx)+(e_beta*cosx),

!t eq /= OXTFFF,

eq /= 10;
é L [ Y 4 o d’
t{luﬁumﬂumsm vd, Vq %Qlﬂ'ﬂﬂ'l‘illﬂﬁ\‘lﬂ'll.ﬁs!ﬂu‘llﬂ\lﬂﬁﬂﬂ'ﬁ V/E U
ed = V*cosx;
ed /= 32767,
eq = V*sinx;

eq /= 32767;
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Feature

Description

CPU

Original Hitachi architecture

32-bit internal data paths

General-register machine:

» Sixteen 32-bit general registers
« Three 32-bit control registers

» Four 32-bit system registers

RISC-type instruction set:

* Instruction Iength:.16-bii fixed length for improved code
efficiency ’

 {oad-store architecture (basic arithmetic and logic operations
are executed between registers)

+ Delayed unconditiona! branch instructions reduce pipeline
disruption :

¢ Instruction set optimized for C language

Instruction execution time: one iastruction/cycle (50 ns/instruction
at 20-MHz operation)

Address space: 4 Gbytes available on the architecture

On-chip muitiplier: multiplication o'perations (16 bits x 16 bits —
32 bits) executed in 1-3 cycles, and multiplication/accumulation
operations (16 bits x 16 bits + 42 bits — 42 bits) executed in 2-3
cycles

Five-stage pipeline

Operating modes

Operating modes:
¢ On-chip ROMiess mode

Processing states:

+ Power-on reset state

« Manual reset state

* Exception processing state
« Program execution state

+ Power-down state

¢ Bus-released state

Power-down states:
¢ Sleep mode
« Software standby mode




=

Feature

Description

Interrupt controller (INTC) .

Nine extemal interrupt pins (NMI, IRQ0-RQ7)

Thirty-one internal interrupt sources

Sixteen programmabile priority levels

User break controller (UBC)

Generates an interrupt when the CPU or DMAC generates a bus
cycle with specified conditions

Simplifies configuration of a self-debugger

.

Clock pulse generator (CPG)

On-chip clock pulse generator (maximum operating frequency: 20
MHz):

* 20-MHz pulses can be generated from a 20-MHz crystal with a
duty cycle correcting circuit

Bus state controller (BSC)

Supports extemal memory access:
+ Sixteen-bit external data.bus

Address space divided into eight areas with the following preset
features: ’

* Bus size (8 or 16 bifs).
* Number of wait cycles ‘can be defined by user.
* Type of area (external memory area, DRAM area, etc.)

— Simplifies connection to ROM, SRAM, DRAM, and
peripheral I/O

When the DRAM area is accessed:
— RAS and CAS signals for DRAM are output
— Tp cycles can be generated to assure RAS precharge time

— Address muttiplexing is supported internaily, so DRAM can
be connected directly

- Chip select signals (CS0 to CS7) are output for each area

DRAM refresh function:
* Programmable refresh interval
« Supports CAS-before-RAS refresh and self-refresh modes

DRAM burst access function:
* Supports high-speed access modes for DRAM

Wait cycles can be inserted by an extemal WAIT signal

One-stage write buffer improves the system performance

Data bus parity can be generated and checked




Description

nory access
‘DMAC)
(4 channeis)

Permits DMA transfer between the following modules:
+ External memory

* Extemnal /O

¢ On-chip memory

» Peripheral on-chip modules (except DMAC)

DMA transfer can be requested from external pins, on-chip SCI, on-
chip timers, and on-chip A/D converter

Cycle-steal'mode or burst mode

Channel priority level is selectable

Channels 0 and 1: dual or single address transfer mode is selectable;
external request sources are supported; Channels 2 and 3: dual
address transfer mode, internal request sources only

16-bit integrated-timer
puise unit (ITU)

Ten types of waveforms can be output ~

input pulse width and cycle can be measured

PWM mode: pulse output with 0—100% duty cycle (maximum
resolution: 50 ns)

Complementary PWM mode: can output a maximum of three pairs of
non-overlapping PWM waveforms

Phase counting mode: can count up or down according to the phase
of an external two-phase clock

Timing pattern controller

(TPC)

Maximum 16-bit output (4 bits x 4 channels) can be output

Non-overlap intervals can be established between pairs of waveforms

Timing-source timer is selectable

Watchdog timer (WDT)
(1 channel)

Can be used as watchdog timer or interval timer

Timer overflow can generate an intérnal reset, extemal signal, or
interrupt

Power-on reset or manual reset can be selectad as the internal reset

Serial communication
interface (SCI) (2 channels)

Asynchronous or clocked synchronous mode is selectable

Can transmit and receive simultaneously (full duplex)

On-chip baud rate generator in each channel

Multiprocessor communication function

A/D converter Ten bits x 8 channels
Can be extemally triggered
Variable reference voltage
/O ports Total of 40 I/0O lines (32 input/output lines, 8 input-only lines):

» Port A: 16 input/output lines (input or output can be selected for
each bit)

» Port B: 16 input/output lines (input or output can be selected for
each bit)

¢ Port C: 8 input lines

Large on-chip memory

(on-chip ROM version): 64-kbyte electrically programmable
ROM or masked ROM, and 4-kbyte RAM

(ROMiless Version): 8-kbyte RAM

32-bit data can be.accessed in one clock cycle




OVOOI1/pg/IOVd = u
SYU/SSD/IVd -

082011/9§2R2Vd = *|

LIYMWLSOEVd =

(HM) JUMYPY = >

% (587 HUMYSVd ~~

QHOVd -~

NOVE/LVd =~

D34AVd +~

OHLIAV/INOOHIHY/EVS =+

YOOI 1dQ/0I Vd = +

18001/HJQ/L L Vd =+

VX IOL0MOVAODUYZ LY~

X 10 /003HA/LOHYVEIVd =

INOVQAZOUYYIVd =~

10340EQHYSIVd « *

Address

—

L

Port A

—=A15
—-Al4
—A13
—-A12
—Al1
—eA10
—= A9
—= A8
— A7
—AB
—= A5
—— A4
— A3

—= Al
AD15

}-—.
lee AD14
O b

p——

§89)PPY

__}—-AO(HB

RES —

-—

Vi
MD2 —

PROM or
masked ROM"

MD1 —

MDO —

NME—=

3

Bus state controlier
integrated-tener

User

timing pattem

10jcI0ua0
esind %2010

e & 2¥0011/0d1/08d
L+ = 260011/1d1/10d
L+ = EVOOILRJLZ8d
L.~ £800I1)/8d /E8d
L = YVOOIUPdLYEd
-+ PEOCIL/SDL/SEd
e = OXTOLIVXDOLOdL/98d
le: = QXIOLVAXOOLLAL/ILEd
L+ = 0GxH/Rd1/e8d
le = 0Qx1/641/68d
" | = 1@xw0L di/OVEd
1QX /LA d
L. - OMOS/ZRUIR L dLZI8d

Port B

ta

L~ 130s/50UIeIdLEIBd

L - 9oHYPLdLYIOd

| |-~ zouysiausiad
[} -onviood (B _BF
[+ — INV/10d M Wmmm
- anvizod |5 B 555
Q l—eNvEDd 3<$33
NS [+~ Nvivod | § FEEE
L -sNv/sod [§ B B8 0
- oNveod |8 O 3 mM
|- nwizoa |§ 832
F518%
XRa 1Y
8.8 ddEEE
R | [}




AMANUIN

msmamnsiiwesaailFlussuvauquuunnnaes



NAKUIN 8
* o g1 a 4
ﬂ'ﬁﬂ”lﬂ'm']i’lmﬂﬂiﬁ'N‘]ﬂi‘lﬁﬂi%ﬂnﬂ’mﬂmmﬂnﬂlﬁﬂi

MImEIIsINnesusuemes

oS 9o g1 Aaw ot o ¢ l!y
yawoin lihmsnaaeviisinasenaede 1l

: YU 1 KW
HIIAU 220/380 V (A/Y)
nsLLL 43225 A(AY)

4
F

FININANBIMIANUATUNTUYARIARIETT VI Method 92 1AA1AIAIS 19

V (volt) I(A) R(Q)
1 0.12 833
2 0.23 8.7
; 3 0.34 8.82
¥ 4 047 8.51
5 0.58 8.62

‘& N H 9 A b d 1
mTﬂﬂmmﬁﬂuﬁa%s’lﬁ'mmmé’mmuﬂmmﬂwnﬂu 8.6 (2 anyn

1
v
Yn1snaaed No-load Test lasdousinesuuy A 1dnadail

: 13AY 220V
nsua 17 A
fasgaudy 100 W

F 1 4
11N151A884 Lock-Rotor Test JANAAil

U3 . 68 V
AISUY 43 A
; fhdegaydy 300 W

v
‘Nﬂﬁ’l‘lfnﬂ'lﬂ'lﬂﬂ'ﬁﬂﬂﬁﬂ‘l]‘l]'lﬁ']u'Jmﬂ']fi']FhW'li’lﬁlﬁﬂg

vV
' Z = —= =74.72€)
37

P ]



o 3 § a
siuaaesanyadlFlumsmamisiiaes

] »
naesauyadaegl 9 No-load test 92 1Rerunsdasa lalil

R+—M~R+X
. s Rm+sz~n JA,

;uammmﬁfmmm"‘lﬁ' R, =145.389 ) tiag X =17.595 O

unwmnm'swﬁﬂau Lock-Rotor test o2 Iqaunmsdere i

ij .
R,,. 23 ~ R, + jX,
R..jX,
j(X X )+ f+ij"

tﬁaﬂ'wmmﬁﬂnmnz'lﬁ' R=0.71 Q uaz X _=15.71 Q

:,‘ 9 7% ) Jar ¢ qy
mswzﬂzuuﬂz'lﬂmmsmmesmaqvmuamasmmﬂﬂu

R, - 287 Q
i R = 071 ©

R, = 145.389 Q2
E CL, = 0006 H
i L,=M=L, = 005 H

PIMA sy
AsRNANTZUE =4.32 A uaznszuavae Wil lvaa=1.7A

4 - . ot o et
NNABIYBINITLUANAA (1) WHIUIM =T 48 A ua::nﬂmawmnszuﬂumz‘luuinﬁﬂ



¥

¥

i

lsq=2944A (i)

3

&

' P . .
s luusanussysuemes (Moment of inertia : 1)

A 4 o ) .

: ifivsnnueimein IFlunsnageudiuuemesuufisuRiodiu Induction Motor g
or et o 9/ 1 A 9 Q< o Yy o as e

Syncronous Motor IuaaRefuududsz@enldauuuniadohlvdiininaasdlesisin

E . ]

paTnTsnidsundasesnims wavesnnuid anaudsedusi vei 1dfanan lureu

» &R A Yt =) : LY g 9 o N v

Hann FudenlFiEmenamanifonmihminvedsmeiudinnum J nngasmsmen s

E &
Yyae3UnsensTUBNA

= “‘”1)‘2

%
3 = Tuwudanes (kg-m’)

o v

k4
' m=umn (kg
r =50l (m)
14 []
iminves Iswes@amwzdiuiioguenyanyu) = 8.8 kg 3l = 0.051 m 14

=0.0115kgm’

St e

& 1 o i [} 1
uaziolseuuasauny Coupling a2 Encoder A1 J vefifinlszuia 0.014kgm”

L )

- —w

= p e o



=

Ananssudseme

>
TasesnuiiransnduSegais ) 18dwd TaolASuanueiomds, miveyuuas 185y
v -~ e’ U o ar 4 eb
MIBINWANVALANTINYAAAHAWYIIN AIAIVBINATIVOLNTIAY B.9dn quaiad 9
1 ° [ aa 4 @
¥ 19 A 1S nywasanusinmbenTaonaca 0. idn dwes IRtunSesisdalums
NARBULAZLSIN novem engineering 1WA/, foyauazgunssis q dusensd
A = 9 dq @ ) - g o @
HASUBVBLATUNDN ) W 9 uasdey 9 fldanuemdsuasduihdilonleeg

} 4
anon vevausuyaaay vl o Temad



- ——

st

-

el

BAITHNDY

{1] F.harashima, S.Kouhei, M.Kajita and G.Stanke,”Multimicroprocessor -Based
Control System for Quick Response Induction Motor Drive”, IEEE Transaction on
Industry application, Vol.IA-21,No.4,

pp.602-609,1985.

[2] H.Boreck, H.Skudelny and G.Stanke,” Analysis and Realization of a Paulse-width
Modulation Based on Voltage Space Vectors”, IEEE Transaction on Industry
application Vol24, No.1,pp142-150, 1988.

(3] K.Ohinishi, H.Suzuki, K. Miyachi and M.Terashima, ”Decoupling Control Secoundary
Flux and Secoundary current in Induction Motor Drive with Controlled Voltage
Source and Its comparision ‘with Volts/Hertz Control”, IEEE Transaction on
Industry Application ,Vol.IA-21, No.1,
pp.241-247,1985.

(4 lanm adeds ,7szuuaiug uuened M sniwuunnaes a10lulas

apuInsaimes” auzdnnssumedad poadnssiuningde2538

[5] afn quasad vamns 35sfall 0And A na patey Sunsisiusuas i

Tsol yatszeSyed "Suefined 3 wla dmivdudnduneimes aug

Franssuendas aaniuma Iulagwszssundudgunmsmanszs,2538





