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ABSTRACT

With the rapid development of power electronics, micro- electronics
and the theory of modern control in recent years, the field of AC drive
makes progress and gets lots of new productions. And the development of
Direct Torque Control is great with the general applications of Vector
Control of AC motor speed regulating. Compared with Vector Control,
DTC emphasizes the direct control to the flux and torque of motors.
According to the analysis of the mathematics model of asynchrony motor
and the principle of DTC, this paper points out that the key of DTC is
making the best choice of voltage space vectors based on demands of
torque and flux while the motor is working so that we can achieve the
best control effect.

This paper analyses the reason of the torque ripple of traditional Direct
Torque Control. In traditional DTC, when we choose the inverter’s switch
signals, we only consider the error directions of torque and flux but
ignore the value of torque and flux error during controlling, so it will
cause that though torque increases or reduces with the demand, but its
amplitude oftentimes exceeds the width of Bang-Bang control. Based on
the analysis, if we make the predictive control of torque, we can get an
optimized voltage vector (it can be composed by the working Us and UO0).
Under its effect, flux & torque error at the next sample time can be
compensated very well in the next control cycle. So this paper carries out
a predictive DTC method based on SVPWM. According to the error of
torque, this method calculates the output voltage vector under the action
of which the error can be compensated exactly. Compared to traditional
DTC that only uses several fixed working Us, it can reduce torque ripples
because this vector’s direction and value are composed by the method of
space vector pulse width modulation. And in order to switch the pulse
signal to the signal of 0-5V DC in the torque/speed transducer of AC
drive device, this paper makes the circuit design and the realization of the
parts. At last, the experiment on F2812DSP processor shows that this
control method can reduce the torque ripple effectively.
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—(O—C

A 5-9 2% tteEiER

(1) F B HA LM, ALK I/2& EUPEC 1 IGBT 5, 6 H
Mk A, — T Rk .
(2) _EALHLE I A AR LN DSP 4w FE, DA TL 2 w427 1) TMS320F2812
O ML, Bk, 774 SVPWM . A F2812 (K ZA /8 P 284
e (R R4 e 4% 7] LAAE I SVPWM B, Tl 5-10 Bk
SVPWM (1 4 il FH RS S 1) 75 A7 48 o0 AT B )« Ll A 8 4 42 1) 25 A7 s
ACTR[12-15]H 2 i = S5 &, AR T S5 R SVPWM J7 ik vH 505 AN AH Y. IR s |
FS I 47 4 TICONT11-13] B R AE M i S, (Rt i e psery LMD S20F
FE A5 VG IE #8452 A B BRERAS KRR K PWM Y% JE 5 B2 361l 25 A7 %% COMCON
M RE LGBV RO ] PWM iy tH sl B e, R ORAP BT, iR L R A2 TR
I IE . = AN A A7 8% CMPRI-3 43 ) = AR FRm A (), AR/l B
i, I RRIE e, e URRA08 ¢ ovmpra g RAD
[, SR s B R vl 2 o . DSPOT LS TXD
(3) F240 Ha [ A/D $ege 2 T T REE, /18 SEn i0fs Bk
AT Rt RNV VT B o 0 S AR FH s o G 3, 300 3 s e 2 o o 1 — e S 44
T B (WK 5 BI% E] F240 (1) 1IEAS St ik 5 7G(QEP) 1, AR A 4% 1) 14 HCRn
S S AR, A9 B R . TMS320F
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e (ST S

Sk, B T AR R S R R U
DSP (Digital Signal Processor).t> /i, B LA E’J@ﬁ@ﬁ%ﬂ@é%&%ﬁ%?ﬁﬂﬂ%
B2 RSN 53 T4 i - R L, T/Zﬁﬂﬁ%ﬁ@i’@ifmfiﬁéﬂﬁ%ﬁ&ﬁlﬁé% ‘
BRI EERE R SIS . DSP I R AL L . R AR, Bl
S5, R —E g4 e, U\ﬁﬁﬁ%‘c%m%ﬁﬁ%@iﬁiﬁim

YEA TUA &A% i, TMS320F2812 S2 [ ) H L% il LA RF R 5 111 DSP,
DL DSP 4% 150MIPS 1) s A 35 fig 0 AT ) A pLaas il (7 & FH A A4, AT
ARG RIS o TRy 5, B A5 I A0 R AR AR 1S 2R R Ik, RS
ARG, FFRARE SN, BBy 28 g2 177 2 N .
(B30, AN F2ax ZFUS IR, F28x ROt C B35 ke e e s«
ABLVRI A F2812 Sy A% O SE R I R B0 o

AT T R AR IT R TAE4 R 2400 TAE &, ik, 76
LR DSP WA= iy, AMUELER A BE gy, B 8 A i DSP A4 TR
PyAf HE. CCS 22 TI 2w FF R — NI 58 8RR B A s KA e ) i 4
T R IR, IE K KGR & DSP 2 BT i 2 (6 B[R]

5.2.1 DSP #5188 TMS320F2812 &4y

TMS320F2812 it /i /& Texas Instruments 23 ) 25 77 1) 32 A7 5€ B 75 S 40T
# TMS320C28X H i —F, &R Jedb (bt G ph gt SLRE P At A4
WAt g LA & AR LS, W E AR RE JIA R e 2T S
i 150MIPS, X sy P RE A 52 445 thl B M SE I AT A v g . [FIRE, % CPU
THRT C/ICHER R
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VEA— ARG E P, DSP W AUHA 9 K A W VO s AT H Al A 1246
C28X N HIARAL 1 &1 ¥ 2% BT Ay 1tk RE TR DSP A% —ifd, A5 i 28 20 rU LI 1
FEEE S k. A i b A R Sk 4 SRR O T RE

TR R

(1) CPU K] T320CZXLP #.

(2) 150MHz FfIIBIATR o

(3) 18K 7 HXLS In) -y AR/ s WAF(RAM), 128K 777 Jy WAESY Flash
EEPROM #*[f], 64K 19 [f] J1 4t SRAM W47

(4) I 12 A28 A/D Hedfbit, LA 16 B A/D iAo

(5) 3 /™ 32-bit [f] CPU-Timer & I 2%

(6) MINFAFEEAEYEVA, EVB), TN S BRI A 3 AN 4 LR IT,

(7) —/> eCAN Rk, — N2 HATEIER, 2 4> SCI ATl THALR,
—ANERATAME R B SPI

(8) 12 4~ CPI W2, HEZH 8 AN,

5.2.2 ERFF&RINE CCS &Y

TR L H A B A A s . k. AU PERE IR CASRE T 2 H 25 2 A%
(RS RG-S, S TI s ™ i C6000 A PEfE C5000 i BTt (18 i 1 A
Code Composer Studio(CCS)BARHS A il L H AR T HAE A —iS, 4 ft T3
TR RAL BRI AT ) g P e o REAE N A D A P I LR, BERR
BILETFR RGIREAT LA (1 SRR 7 2 (a1 D148, TR A i 68 e DR 19 I H
ASEI N RS IAERTA B TI DSP #n] UAE A Z 8 L 23T I % .

CCS TAMLEERL T MBI & T, iR e gmifas AR A R T H (g
B SMORIRIA S, 1842 T DSP/BIOS Jf &k L H, CCS i C gwifas. Hiflas
Bt IR IAT LRS54 . DSP/BIOS & — M b IR A S\ 4E R 48, i
KRTET H 905 2 A5 N T . 4/ DSP/BIOS J&, & REIG s X AR I AT
BRI o ZETF RIS A i T H AR IR T H oy —44, RIS T
HA/E R C B 4%1E 595 10 DSP RS % L gn &80 AT AT 1
DSP Fi /7 M AR R T 5G4 F 2% DSP L M R4 R, Agse i DSP
RGTF RIS FR AT, e eIk TRAREWM RS, K D>
DSP FF& I, [, A4S T g gt 1 H LR a5 = J7 B N (R s 45
.

A R A T CCS2.20.18 Wi 5 11, fEHiZs /A W] ICETEK-5100 1/
HA%. F2812 (1) DSP FF &R 5¢ ik«
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5.2.3 R EiRit 5108

FREF RS LR, R AR — NS ATHESE, 56 DSP #I4A1K
DSP iz AT EE 1) 5 &5 TAE o EE R 07 1k B A0 Tk S5 T ) SRAR
o AN TAERE CEdlAEs, WAUBIRAR RS0, e — AN A D
g5t — YN AR B8 PR TRE, 2% 18 21100 AR 45 1R T 4 de ey AJ I 20kHz, X HLi%
JEA 10kHz. BrUABOEPE GRS TAE RN A 100uS, BVFREPAR 43 B a A i 18] 2k
0.0001S, M2 s P 3, R R 0 &R o S50 A 70 i B s 110 v Wy v 58 Ja i

TR S — AT IRAE AR — A BT IR 55 A2 R, Frb o T IR 251 3 H HEL IR A
EHRINAE 5 Ab3 ARBRAR . IO A . SVPWM 5 5 77 AR S i b PR A 45
ZANIIRERIR A R . S Dh e HR — e PP O &R, L 2 (I (8] &) 3 N AT S
FH € IS4 1T v P R S SRR PP i is AT . I R G B i A B an 18] 5-11 s

(—) VIR

® U ACTRx, & SCEHHH 5 R o

® % H COMCONx, fififig b #/ERIZ= R 5 PWM AT % CMPRx(Ht

BAAEA MBS R T

® U E JHIIATAE S TIPR AN 6 20k 4 14 o

® ENES 1 1 TICON ¥ Ay L1 /yak i B =X

(Z) ERFACRAEVIGEA G NG, SRerh Wi kA, RIg7EfA
P 1 R I B I 45 R TP AT LR AR, R IR SRR I 1] 5-12 s

® kI 2 Uout FTAERS X, 43fif Uout JTAf E P AH AT ¥ ) & Ux

F1 Ux+600

® eSS T, T2 1 TO.

® {5 UX XMW AT i 5 5] ACTRx[14-12], % 1 & ACTRx[15].

® i{{ii T0/4 45 CMPR1, T0/4+ T1/2 % CMPR2, T0/4+ T1/2 +T2/2 45 CMPR3.
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#include "DSP281x_Device.h"

#include "DSP281x_Svpwm.h"

#include <stdio.h> *E {FE ﬁgé !E‘@ %[[ }"FJQB, %E ;I;ﬁ i@ T‘j_
e LA 5 T REBEAEL
i VT A REEEATAT S

int sector;

zzeine 212 3.141052(2)(6):2 *E j?E —‘T-rjﬁ\ i}ﬂ\“ j;/‘z%u ﬁ: ?‘/z
#define IN\IIZW PI2'/3 60 _E;I_‘ ﬁjﬁj II:HLEE“)——E 96 %
5 %€ T LA

int TP;

float KP;

extern Uint16 Frequence;
extern Uint16 Voltage;
extern float theta=INIA;
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void init_eva(void)
void main(void)
{

float T;

b

// Step 1. Initialize System Control:

// PLL, WatchDog,

enable Peripheral Clocks

// This function is found in the DSP281x_SysCtrl.c file.

InitSysCtrl();

// Step 2. Initalize GPIO:

// This function is found in the DSP281x_Gpio.c file and

// illustrates how to

set the GPIO to it's default state.

// TnitGpio(); // Skipped for this example

// Initialize only GPAMUX and GPBMUX for this test

EALLOW:

// Enable PWM pins

GpioMuxRegs.GPAMUX.all = 0x00FF; // EVAPWM 1-6 pins

EDIS;

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

// Disable CPU interrupts

DINT;

// Initialize PIE control registers to their default state.
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// The default state is all PIE interrupts disabled and flags
// are cleared.
// This function is found in the DSP281x_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 progamme. This is useful for debug purposes.
// The shell ISR routines are found in DSP281x_Defaultlsr.c.
// This function is found in DSP281x_PieVect.c.
InitPieVectTable();
PieVectTable. ADCINT = &adc_isr;
//ADC InterruptVector entery
PieVectTable. TIOFINT =&SVPWM;

//[SVPWM Interrupt

// Step 4. Initialize all the Device Peripherals:
// This function is found in DSP281x_InitPeripherals.c
// InitPeripherals(); // Not required for this example

init_eva();

// Step 5. User specific code, enable interrupts:
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DSP281x_ADCIO();
// Just sit and loop forever:
// PWM pins can be observed with a scope.
for(;;);
{
T=(float)(Tpwm™*(EvaRegs. TICNT)/65536);
thetat=PI2*Frequnce*T;

if (theta>=PI2) theta-=PI2;

void init_eva()
{
// EVA Configure TIPWM, T2PWM, PWM1-PWM6
// Initalize the timers
// Initalize EVA Timerl
EvaRegs.T1PR = 0x1D4C;  // Timer] period:7500
EvaRegs. TICMPR = 0x0000; // Timer]l compare:0
EvaRegs. TICNT = 0x0000; // Timerl counter:0
// TMODE = continuous up/down {Jj B.£E & 37 B 45% 11
// Timer enable, AN BHA I, A8 A F £ 6.67ns/150MHz
// Timer compare enable & I 45 U148 4 0 HUIR A7 A7 4 A4

EvaRegs. TICON.all = 0x1042;

// Setup TIPWM and T2PWM

// Drive T1/T2 PWM by compare logic
EvaRegs.GPTCONA.bit. TCMPOE = 1;

// Polarity of GP Timer 1 Compare = Active low
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EvaRegs.GPTCONA.bit. TIPIN = 1;
// Polarity of GP Timer 2 Compare = Active high

EvaRegs.GPTCONA. bit. T2PIN = 2;

// Enable compare for PWM1-PWMG6:25 H W] 4h £ 5 I I AR
EvaRegs.CMPR1 = 0x0C00;//3072
EvaRegs.CMPR2 = 0x3C00;//15360

EvaRegs.CMPR3 = 0xFC00;//64512

// Compare action control. Action that takes place

// on a cmpare event

// output pin 1 CMPR1 - active high

// output pin 2 CMPR1 - active low

// output pin 3 CMPR2 - active high

// output pin 4 CMPR2 - active low

// output pin 5 CMPR3 - active high

// output pin 6 CMPR3 - active low

EvaRegs. ACTRA.all = 0x0666;

EvaRegs. DBTCONA.all = 0x0000; // Disable deadband

EvaRegs. COMCONA.all = 0xA600; // Disable SVPWM mode,enable PWM output,
g/ He g

}

// function SVPWM(Uint16 Frequnce[i],Uint16 Voltage[i],int 1)
interrupt void SVPWM() //SE I TH 5045 kst X 5% 18A'E FH i []
{

int m=1,cmp1,cmp2,cmp3;

int 1,k=0;
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SECTOR();
KP=(float)(Volatge/220);//Normalize the Volatge
Ualfa=KP*cos(theta);
Ubeta=KP*sin(theta);
switch(sector)
{
case 1:t1=sqrt(3)*Ualfa*TP/2;
t2=(-sqrt(0.5)*Ualfa+sqrt(2)*Ubeta)*TP;
t0=(TP-t1-t2)/2;
cmp 1=(int)t0;
cmp2=(int)(t0+t1);
cmp3=(int)(t0+t1+t2);
break;
case 2:t1=(-sqrt(6)*Ualfa+sqrt(6)*Ubeta)*TP/2;
t2=(sqrt(0.5)*Ualfa+sqrt(0.5)*Ubeta)*TP;
t0=(TP-t1-t2)/2;
cmp 1=(int)(t0+t2);
cmp2=(int)(t0);
cmp3=(int)(t0+t1+t2);
break;
case 3:t1=-sqrt(1.5)*Ubeta*TP;
t2=(sqrt(2)*Ualfa-sqrt(0.5)*Ubeta)*TP;
t0=(TP-t1-t2)/2;
cmp1=(int)(t0+t1+t2);
cmp2=(int)(t0);
cmp3=(int)(t0+t1);
break;
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case 4:t1=(-sqrt(1.5)*Ubeta)*TP;
t2=(-sqrt(2)*Ualfa+sqrt(0.5)*Ubeta)*TP;
t0=(TP-t1-t2)/2;
cmp1=(int)(t0+t1+t2);
cmp2=(int)(t0+t2);
cmp3=(int)(t0);
break;
case 5:t1=(-sqrt(1.5)*Ualfa+sqrt(1.5)*Ubeta)*TP;

t2=(-sqrt(0.5)*Ualfa-sqrt(0.5)*Ubeta)*TP;

t0=(TP-t1-t2)/2;

cmp 1=(int)(t0+t1);

cmp2=(int)(t1+t2+t0);

cmp3=(int)(t0);

break;

case 6:t1=sqrt(0.75)*Ualfa*TP;

t2=(sqrt(0.5)*Ualfa-sqrt(2)*Ubeta)* TP;

t0=(TP-t1-t2)/2;

cmp 1=(int)(t0);

cmp2=(int)(t0+t1+t2);

cmp3=(int)(t0+t2);

break;

EvaRegs.CMPR1=cmpl;//Reload CMPR1/2/3
EvaRegs.CMPR2=cmp2;
EvaRegs.CMPR3=cmp3;

if((itk)==0) EvaRegs. T1CON.all=EvaRegs.T1CON.all&0x0200;//start

Timer1,only one
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while(m==1)
{
k=EvaRegs.EVAIFRA.all&0x0200;

if(k==0x0200) break; //if Timer1 build InterrupFlag,stop waiting

}
void SECTOR()  //5E]Hff52 Uout ki [X.
{
float theta2;
theta2=(float)(theta*360/(P12)); //Use angle degree
if(theta2>=0&&theta2<60) sector=1;
else if(theta2>=60& &theta2<120) sector=2;
else if (theta2>=120& &theta2<180) sector=3;
else if(theta2>=180& &theta2>240) sector=4;
else if (theta2>=240&&theta2>300) sector=5;
else if (theta2>=300& &theta2<360) sector=6;

else break;

53 KWHERS O

ARSI AT Uit A ) S 062k B A TP R R S RN L LRI S P S
(R IARA LR SE 50 % WAL R E,, B T B I SE 0T & I Ab Tl B R 5E 3 [y
B, ANH AT R SRS AT T I S0 R0, A T IR UE s 5 I A 2
P, FERRYN F AL A=W IT T AC I i dAL 42 il S g0 B A 36 . ERHZ kAT T 5K
55, S LA E DR A 29kW, 2 T HIBH Rs=0.1165Q, %1 HiFH Rr=0.14958Q2,
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