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VECTOR CONTROL OF ASYNCHRONOUS M OTOR WITH SIGNAL PROCESSOR

S um m ary . T he paper refers to the tw o-processor contro l system  w ith the IN T E L  80 186 
m icroprocessor and the T M S 320 10 d ig ita l signal p rocesso r p rovided a high-speed 
com puting capacity . T he theory o f  the vector contro l in the field coord inates o f  asynchronous 
m otor has been supported  by the experim ental tests o f  the laboratory  A C  contro l drive 
m odels. T he universal con tro l system  on the basis o f  the IN T E L  80 186 m icroprocessor and 
the T M S 320 10 signal p rocessor enables to sim plify  the con tro l calcu la ting  b locks i f  
com pared to  the  analog version.

W EKTOROW E STEROW ANIE SILNIKA ASYNCHRONICZNEGO ZA POMOCĄ  
PROCESORA SYGNAŁOW EGO

Streszczenie. W  pracy przedstaw iono prob lem atykę w ektorow ego sterow ania  silników  
asynchronicznych, k tóre  w po łączeniu  z now oczesnym  falow nikiem  napięcia  przedstaw ia 
perspektyw iczny k ierunek  rozw oju  regulow anych napędów  elektrycznych. Badania 
eksperym entalne p rzeprow adzone na m odelu  laboratoryjnym  potw ierdziły  założenia 
teoretyczne sterow ania w ektorow ego. System  sterow ania  zrealizow ano na bazie 
m ikroprocesora IN T E L  80 186 i p rocesora  sygnałow ego T M S 320 10.

VEKTORREGELUNG DER ASYNCHRONM ASCHINEN MIT DER  
SIGNALPROZESSOR

Z usam m enfassung . Im  B eitrag w ird  d ie  P roblem atik  der V ek torregelung  der 
A synchronm aschinen, d ie  stellt in V erbindung m it m odernen  Frequenzum rich tern  eine 
Perspektive R ichtung in de r E ntw ick lung  der e lektrischen R egelan triebe vor, präsentiert. D ie 
experim entalen Prüfungen a u f  dem  L aborm odell des D rehstrom regelan triebs bestätigten die 
theoretischen G rundlagen de r V ektorrregelung de r D rehstrom m aschinen. D er E insatz des 
entw ickelten und realisierten  M ikroprozessorsteuersystem s a u f  Basis des M ikroprozessors 
INTEL 80 186 und S ignalprozessor T M S 320 10 erm öglichte  grundsätzlich  d ie  R echenblocke 
gegen d ie  analoge V ersion  de r V ektorsteuerung zu  vereinfachen.
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INTRODUCTION

N ew  conception o f  e lectrical con tro l drives w as influenced by the developm ent o f  

sem iconductor com ponents w hich enabled the developm ent o f  m odem  sem iconductor 

frequency converters as the practical realization  o f  m odem  w ays o f  A .C . con tro l including the 

contro l in the field coord inates o f  m otor. T he first applications o f  the  A .C . con tro l drives with 

induction and synchronous m otors w ere using contro l system s based on the analog technique. 

N ow adays relatively e ffic ien t 16-bits m icroprocessors can be obtained at the foreign m arket 

w hich m akes the  cho ice  o f  a sm all sam pling  period possible, perm itting  thus the em ploym ent 

o f  the sam e m ethods in the  con tro l circuit designs as i f  the analog con tro l c ircu its w ere used. 

T he applications o f  the contro l system s contain ing  the high efficient m icroprocessors increase 

the reliability  o f  the w hole  d rive  and get its set-up and starting com fortable.

1. Mathematical description of the asynchronous motor

R esearch o f  qualitatively  new  contro l m ethods o f  A .C. m otors is based on the 

m athem atical descrip tion  o f  the universal m otor w ith 3-phase sta to r and ro to r w indings. This 

m odel is suitable for alm ost all applications w ith the sufficient accuracy. U sing the lim iting 

conditions for stator and ro tor vo ltage equations, this can be also used for the descrip tion  o f  

field-w inding synchronous m otors o r perm anent-m agnet synchronous m otors. T he sim plified 

m athem atical descrip tion  o f  the  universal A .C. m oto r m ay be achieved by defin ing  the 

com plex space vectors. Positions o f  these form ally adopted sym bols define  the positions o f 

the m axim um  values o f  studied  quantities.

C urrent space vectors (Fig. 1) in the  stator coordinate system  [a,b] and ro to r curren t space 

vectors in the ro tor coord inate  system  [d,q] can be defined for the asynchronous m otor, as 

follows:

i si  =  ] ( i i a  +  i \ b  a  +  i l e  a 2 )

»2 = 3  O’la + i u a  +  h e d 2 )

where: 

a = ej  2n/3
i in, i  it>> < ic -  instan taneous values o f the phase stator currents 
i 2 a ,  ¡ 2b ,  h e  ~  instan taneous values o f the phase rotor currents
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Stator and ro tor vo ltage space vectors can be defined in the sim ilar way:

I I I  ~  3 ( u l a  +  U \ b  a  +  u i c  a 2 )

u 2 =  f  (.112a  +  U l b  a  +  n 2 c  a 2 )

I f  the w ind ing  node is not b rought aw ay, we get:

i  i a +  i  ib +  i  lc  =  0

h a  +  h i !  +  h e  =  0

Fig. 1. S ta to r curren t space vector 

R y s .l . W ek to r przestrzenny  prądu  sto jana

T he real axis o f  the sta to r coord inate  system  [ a ,3] is coinciden t w ith  the  a-phase axis o f  

w inding and the  sta to r curren t space vecto r can b e  expressed, as follow s:

‘ I  =  i  l a  + y / 'ip

*
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T ransform ation  from  the 3-axis [a,b,c] to 2-axis [a,|3] coordinate system  can be 

accom plished using the equations:

T he inverse transform ation  can  be expressed  by the follow ing equations:

1 0

1 y i
2 2 j

[!;;]=tr 2/si *[!;]

System  o f  the differential equations can be  derived by m eans o f  the space vectors, which 

describe the behaviour o f  the asynchronous m otor:

where:

- resistance o f  one  phase  o f  sta to r (ro tor) w inding,

- total inductance o f  one phase  o f  sta to r (rotor) w inding,

- m ain  inductance,

- m utual angle betw een the  real axes o f  the stator and ro to r coordinate  system ,

- angular ro to r speed,

- total m om ent o f  inertia,

- load torque.
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Total inductances L s, L R can be expressed  using  the m ain inductance Lh and leakage 

coefficients O r ,  Os'-

Ls = ( l + O s ) L h  , Ln = ( l + O R ) L h  

— Lsa — Ls 1 rr „  — - 5. _  1
7 - I T " 1 - 1

T otal leakage coeffic ien t o  :

_  i _  i ________ i
°  L s L r  (1+Oj)(I+Os )

As the ro to r curren t space vector cannot oe m easured with a cage m otor, it is e lim inated  by a 

stator based m agnetising  curren t space vector [Fig. 2.J, represen ting  ro to r flux [6J:

i l  =  ' ! \ f  =  i si +  ( l  +  O R ) i R2 e *

T he voltage equations o f the asynchronous m otor can be expressed, as follow s: 

Rs i'i + o L s  -j}- +  (1 -  o) Ls  -£■ = .«i 

R r  i f  +  L h  j ,  ( ¡ m  e ~j E )  =  0

T h is results in

r * ^ + ( W w » 7 * ) i £  =  / i

O rienting  the quantities from  the sta to r coord inate  system  [a ,P ]  to the system  o f  the 

orien ted  coordinates [x,y] w hich is aligned w ith  the  m agnetising  curren t space vecto r ira (resp. 

ro to r flux) and ro tates w ith the angular velocity  (oirn , w e  g e t by  m ans o f  this equation
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where:

- quantity  defined in the system  o f  the oriented  coordinates SO S [x,y],

- quan tity  defined to  the sta to r coordinate system  [ a ,3] SSS,

- angle betw een  the  real axes o f  the SOS and SSS system s, 

the follow ing equations:

d i° 0
Rs i i +  o L s-^  + j(o i„laL s i°l + (1 - o)L s d- f  +yco„„(l -  a)L si°n =  u° 

T «  I T  + M *  T r  i® +  ( I  - j 03m T K)  i°m =

Fig.2. A ngular relations o f  current space vectors 

Rys.2. Zależności kątow e w ektora  przestrzennego

The follow ing equations can be defined for the space vectors in the system  o f  the  oriented 

coordinates [x,y]:

i  j  =  I l x  "h  j i  l y  , U  i — W ix  + y * K  i y  , i m  — i / n x  —  i m

M odifying the p receding equations, w e get the system  o f  equations, w hich  describe 

behav iour o f  asynchronous m otors in the system  o f  the oriented  coordinates [x,y]:
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OTs + i u  = j f  + UunOTs 0 ) T s %

s ~ ~  +  i \ y  =  - jj-  ~  (O im O T s i l x ~  (1  — C)(X)jm T s im

C1J2 =  CO 1 — CD,,, -  — — I IyI m l  R

C =  y + 5

2. M athematical description o f frequency converter

A synchronous m otors for the low  and m iddle  pow er A .C. servo-drives applications are fed 

by indirect frequency converters w ith a voltage in term ediate circuit. T his type o f  frequency 

converter consists o f  a non-contro lled  rectifie r w ith a sm oothing filter and a b ridge inverter 

section. B asically, the ou tpu t vo ltage can be contro lled  by these ways:

a) pulse-w idth  m odulation  and its m odification  for the h igher harm onics e lim ination  - this 

control is based on the com paration  o f  reference and sinusoidal voltages,

b) d irect vector contro l o f  frequency converters - this contro l is very  perspective  at present, 

nam ely for servo-drives w ith  h igh  dynam ic requirem ents.

Sim plification  o f  the m athem atical descrip tion  o f  indirect frequency converter w ith voltage 

in term ediate circuit m ay be achieved i f  w e  suppose a constant in term ediate c ircu it vo ltage for 

the descrip tion  o f  dynam ic behaviour. T h is requirem ent is often  m et because o f  an 

in term ediate circuit capacito r batte ry  capacitance.

T h e  phase output vo ltage o f  th e  converter can b e  expressed by this equation:

w here Km gain o f  frequency converter, T m tim e delay  o f  frequency converter. T h e  gain  o f  

frequency converter can be  defined by th is equation:

Mi a  K m  u sa  ( t  T m )
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w here ks contro l coefficien t o f  frequency converter (A-,=3/4 fo r standard  sine-triangle

contro l voltage.

T he tim e delay o f  frequency converter can be defined by m eans o f  the sw itching period T s 

o f  the converter:

A nalogically , the equations for the o ther phases can be expressed. U sing  the space vectors, 

w e get the voltage equation  in the  sta to r coordinate system:

T he follow ing equation can be  obtained by vector transm itting  into the  ro to r coordinate 

system :

3. Calculation of magnetising current magnitude and orienting quntities

T he m agnetising  curren t m agnitude im and orienting  quantities siny, cosy can be  calculated 

by the follow ing equations:

m odulation, A,=V3 /  2 fo r vecto r contro l), U mo in term ediate c ircu it voltage, U smlJ m axim um

ttf = K m us3 (t -  Tm)

uRx = K m u rs (t - T M) e ~ ^  

u \  = K m u°s (t -  Tu ) <r>ra‘"r«
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4. Speed control structure of asynchronous motor with vector control

Proposal to the speed con tro l struc tu re  o f  synchronous m otor is based on the m athem atical 

description o f  asynchronous m oto r and frequency converter. The current con tro lled  structure 

consists o f  the pow er unit o f  frequency converter and asynchronous m otor.

It can be  seen in the equations o f  the  asynchronous m otor, that the  coupling  betw een the 

current vector com ponents has no t been  cancelled. T his coupling m ay be cancelled  very 

simply according to the  fo llow ing  equations:

The first m em bers o f  the equations represen t the  voltage drop o f  the resu lting  reactance. 

The second m em ber o f  the second equation  represents the  rotating voltage resulting  from  

rotating o f  asynchronous m otor rotor.

T he m utual coupliny  m ay be cancelled  by  adding the  signals to the outputs o f  current 

controllers. T he curren t con tro lled  struc tu re  can  be  described by the transfer function  o f  an 

inertial elem ent w ith the  tim e constant

T he contro l structure o f  frequency  co n v erter m ay be described by the equations in chap 2. 

I f  w e express this equation  using the  com ponents, w e  get:

It can  be  seen that there  is again  m utual coupling  betw een axis contro l voltages. T he 

follow ing conditions m ust be  fu lfilled  in o rd er to  cancel the  m utual coupling  betw een  the 

com ponents x,y:

tt rc — COjrn OL>s My

U ye  =  — [ t O ¡» 1  O L s  i l x  +  t 0 ,„ , ( 1  ~  O )  L s  i , n ]

T ,  =  o T s =  a  %

u\x = K M{t — T  A,)[i/„cos (C0;,„rM) + w.vySin (o},„, 7'm) \ 
u\y — K m (î — 7'aî)[—MjxSin {(ùimTM) + UsyCos (to,m7A/)]

T ,  »  T m  ,  to i m T M  «  1
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I f  the  conditions are  not fu lfilled , it is necessary to com pensate  the phase  d isplacem ent 

w hich is caused by the  tim e delay  o f  frequency converter. C om pensation  m ay  be 

accom plished by vector transm itting  o f  the  current com ponents i t<x, iip into the coordinate 

system  [x,y] and the vo ltage com ponents u lx, u ,y into the stator coord inate  system  [a ,P ] by 

m eans o f  the resu lting  field -o rien ting  angle:

Yv' “  Y "b COimr M

Sim ilarly , the  phase e rro r caused by the final com puting  speed o f  the m icrocom puter can 

be com pensated. C om pensation  can  be achieved by  adding the value

Tv =  1,5 7V

to the tim e delay  T m, th ere  T 0i is the  sam ple period o f  the curren t contro l loop. The 

resulting field-orienting  angle can  be  expressed then, as follows:

Yv = y+ (oim (T m + Tv)

C ancelling the m utual coup ling  betw een  the com ponents x ,y  the contro l part o f  frequency 

converter w ill be described by the  transfer function o f  an inertial elem ent w ith the tim e 

constan t T M.

T he final transfer function  o f  the pow er and con tro l parts w ith  current transducers with 

gain Ki and A /D  converter w ith gain  K ad is given by the final gain KmK iK ad/R s, h igh  value 

o f  the  tim e constant Ti and the  low  va lue  o f  the tim e constan t T nki. T he PI co n tro ller can be 

designed for th is system  using  the  op tim um -m odule  m ethod. T h is co n tro ller is designed for 

the separate curren t com ponents in  the axes s,y.

T he PI con tro ller o f  th e  m agnetis ing  current (resp. ro tor flux) can be designed  fo r this 

system  using the  op tim um -m odu le  m ethod:

T  dim , .
R dt lm ~  1 lx

T here  is also  superio r speed con tro lle r fo r the curren t loop in the axis y  as in the case o f  

the D .C. speed contro l drives. T he speed contro ller can  be  designed  by th e  sym m etrical- 

optim um  m ethod fo r the  transfer function  ensued from  the to rque equation  and the  transfer 

function o f  the  c losed curren t loop  in the  axis y.
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T he speed contro l structure o f  the asynchronous m oto r w ith v ecto r contro l in the system  o f  

the  oriented  coordinates [x,y] is show n in F ig.3. T he SW  part is solved by softw are and the 

H W  part determ ines the  needed hardw are.

5. Microprocessor control system

A djustable  speed electric drives, particularly  the A.C. drives have the high requirem ents on 

a response speed o f  the contro l system  and a com puting  capacity  in the case o f  the 

m icroprocessor contro l system . H igh com puting dem ands are given especially  by vector 

com puting  operations, ex tensive com m unication  w ith peripheries and extensive interruption 

system , w hich is necessary  for a real tim e processing.

T he m icroprocessor-based control system  consists o f  tw o processors -the IN TEL 80 186 

processor and the T M S 320 10 signal processor. T he block diagram  o f  the system  including 

peripheral c ircuits is show n in F igure 4. T he features o f  the processors m entioned above 

determ ine their functions in the m icroprocessor system . Both o f  the processors w ork 

separately  their m utual com m unication  being provided by the special com m unication RAM. 

T he processors execute d ifferen t softw are  tasks.

T he block diagram  o f  the m icrocontro ller w ith IN TEL 80 186 is show n in Figure 5. The 

IN T E L  80 186 is 16 - bit advanced m odification o f  the 8086 m icroprocessor. It is based on 

the  Execution Subprocessor U nit designed to execute instructions and the Bus Interface Unit 

prov ided  for selecting instructions, reading operands and w riting  results. Both o f  the units are 

re la tively  independent each o th er and their functions m ay be covered. T ogether they form the 

C entral P rocessor Unit. In addition, the IN T E L  80 186 contains the clock generator, the 

program m able  in terrupt controller, three 16-bit contains, p rogram m able  D M A  unit and the 

peripheral chip-select logic. T he IN T E L  80 186 itse lf contains these useful circuits and so 

they need not be added as it is com m on for the m ajority  o f  o th er processors. D irect m em ory 

addressing capability  is up-to  1 M byte w hich is used for data, p rogram  and stack. The 

read /w rite  cycle tim e m ay be p rolonged w hen used the low -speed periphery.

T he b lock  d iagram  o f  the m icrocontroller w ith TM S 320 10 is show n in Figure 6. The 

T M S 320 10 m anufactured  by  T exas Instrum ents was the first com m ercially  successful and 

w idely  spread signal processor. T his type o f  signal processor w as selected  for AC drive 

con tro l system  developm ent due to its reasonable price  and also thanks to  enough inform ation 

about it. T he p rocessor is m anufactured by N M O S technology and instruction  cycle tim e is
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200ns (m ost instructions - including the  m ultip lication  - need only one cycle). T he p rocessor 

provides 288 w ords R A M  m em ory  on  chip  and 8 kB yte  o f  external p rogram  m em ory  can be 

addressed. T he data  length is 16-bit w ith  in ternal 32-bit accum ulator.

The TM S 320 10 is a  m o d em  arch itecture  16-bit signal p rocessor supported  by  32-bit 

arithmetic. H igh-speed instruction  set is the m ain advantage o f  the processor. Instruction  

cycle length is 200ns and m ost o f  the instructions including m ultip lication  are perform ed as 

one-cycle instructions. H igh speed o f  m ultip lication  operations is enabled  by  the  hardw are  

m ultiplier p laced righ t on  the  p rocesso r chip. On the o ther side there  a re  som e lim itations

-  sm all size o f  the external p rogram  m em ory  (4k x 16 bits)

-  sm all size o f  the in ternal data m em ory  p laced into tw o banks (1 bank  - 128 x 16 bits, 2 

b ank  - 16 x 16 bits)

-  single in terrupt input

-  sm all size o f  the stack  ( 4 x 1 2  bits)

-  d ifficu lt connections to  the low -speed peripheries

T he m icrocom puter structure  is designed w ith respect to com m unication  w ith parallel o r 

m aster com puter. F o r research  reasons the m icrocom puter is p rov ided  w ith  the  h igh-speed 

RAM  m em ory for p rogram  and p rogram  is w ritten  to  this R A M  by coopera ting  com puter. 

W hole contro l system  contains the cooperating  processor IN T E L  80 186 w ith  its ow n RAM , 

EPR O M  and M U A R T  w hich com m unicates via serial port w ith  PC. T his PC  serves as an 

intelligent term inal. T he IN T E L  80 186 p rocessor is also connected  to the  A /D  and D /A  

converters, speed sensor and o rien tation  angle estim ate circuit. C ooperating  p rocesso r is also 

utilized fo r reco rd ing  o f  transients during  drive  operation.

Softw are for this con tro l system  is designed as m odular b locks w here  each block 

represents som e com m on used  task as PI controller, axis transform ation  etc... T h is so lu tion  

enables fast and com fortab le  assem bly o f  con tro l p rogram  according to the b lock  d iagram  o f  

control structure. C ontrol softw are  consists o f  tw o program s. T he first p rogram  is executed by 

the IN T E L  80 186 processor. T h is p rogram  provides com m unication  o f  con tro l system  with 

operator and also p rovides input data  acquisition  and contro l quan tities ou tpu t fo r contro l 

process. T he second program  is executed by the  TM S 320 10 signal processor. T h is p rogram  

proceeds all com putation  o f  con tro l structure  and due to h igh perfo rm ance  o f  the T M S 320 10 

processor allow s to  achieve short repeating  period  o f  con tro l loops.

A /D  converter board  consists o f  e ight 12-bit channels sam pled at the  sam e tim e and 

transferred  step by  step. R esult value is stored at the  FIFO  m em ories. S am pling  all channels
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at the sam e tim e is very  im portan t condition. U nfortunately  it is not realized  at all 

m anufactured  boards. A ll channels have  the com m on signal ground and one b ipo lar voltage 

range ±  10 V. For this reason all m easured signals are galvanically  separated and amplified 

into ±  10 V  level. It is possib le  to m easure  various num ber o f  channels. T ransfer tim e o f  one 

channel is 16 ps. T he A /D  co n v erter board  is placed in the IN TEL 80 186 m em ory  space. The 

read ing  o f  individual m easured  channels proceeds from  the sam e address in the sequence they 

have been transferred. In itia lization  and start-up are accom plished by w riting  the com m and 

w ord at next addresses.

D /A  converter board  consists o f  eight 12-bit converters w ith the b ipolar range ±  10 V. The 

com m unication  betw een various channels is very fast since they are right in the IN T E L  80 

186 m em ory space. T he position  evaluating  board consists o f  12-bit b id irectional counter 

provided to add o r substract invrem ental coder pulses according to the signal phase. This 

board  is p laced in the IN T E L  80 186 m em ory  space.

Fig.4. C ontrol system  w ith  m icroprocesso r 180 186 and signal processor T M S 320 10 

Rys.4. D w uprocesorow y system  sterow ania  z  m ikroprocesorem  180 186 i procesorem  

sygnałow ym  T M S 320 10
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T h e  connecting  m em ory  board is p laced in the m em ory  space o f  bo th  processors. It is a 

special dual-port R A M  m em ory, enabled  to so lve  con tem porary  accesses to the  m em ory. I f  

the m em ory is not ready  to accept the 80 186 p ro cesso r data, the A R D Y  input is activated to 

p ro long  read/w rite  cycle. I f  the m em ory  is not ready  to accept the T M S 320 10 data, the BIO 

input is activated  and tested ju s t  before  w riting  o r  reading. W hen the B IO  input is active the 

p rocessor is in the  w aiting  condition.

T he B SP board  enables the d riv ing  o f  pow er d rive  e lem ents through the optocouplers. T he 

address is in the  T M S 320 10 I/O  space.

T he IN T E L  80 186 program  can be d iv ided into three  basic tasks, the  tasks are executed 

according to  their p rio rity .T he  h ighest p rio rity  (i level) p rogram  reads input data and w rites 

output quantities for the  curren t con tro l loop processed by  the  T M S 320 10 processor. 

P rogram  w hich is p rovided to  record  som e im portan t external and internal values into the 

m em ory w orks w ith the  sam e priority.

F ig .5 . M icrocontro lle r w ith  IN T E L  80 186

R ys.5. System  m ikroprocesorow y z  uk ładem  IN T E L  80 186
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L ow er priority  (II level) p rogram  evaluates velocity  for the speed contro l loop. T he lowest 

p rio rity  (III level) p rogram  provides the com m unication  w ith user and enables the desired 

velocity  and co n tro ller param eters adjustm ent. The com m unication  is p rovided by the  RS 232 

serial in terface w ith term inal using  A SC II codes. T his p rogram  is also p rovided to display 

actual external and interval values at a four-channel oscilloscope o r they  can be sent through 

the serial p o rt to  PC  w here  they  can be processed.

T he accurate  start-up  o f  p rogram s is insured by tw o IN T E L  80 186 internal tim ers (TO and 

T2). TO tim er generates C PU  in terrup t at the interval o f  2 5 5ps (it is the sam e fo r the TM S 

320 10 processor). T 2  tim er interval is determ ined by tw o factors - type o f  an increm ental 

encoder and velocity  calcula ting  m ethod. T he increm ental encoder w ith 4096 pulses per 

revo lu tion  and T 2 tim er interval o f  5 m s has been used.

T he 80 186 processo r o f  this contro l system  is not fully  used. It could  be also used for 

actual d rive  param eters adjustm ent during  the operation. T his program  m ay be incorporated 

into II level o r  III level system  o r it can be processed w ith the  p rio rity  betw een II and III. 

T h is p rogram  m ay be started by  the additional T1 tim er the period o f  w hich is derived from 

the adjustm ent p rogram  algorithm .

Fig.6. M icrocon tro lle r w ith  signal p rocessor TM S 320 10

R ys.6. System  m ikroprocesorow y z  procesorem  sygnałow ym  T M S 320 10
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W hole p rogram  including the T M S 320 10 processo r p rogram  is transferred  from  the 

system to PC via a serial com m unication  RS 232 interface. Basis p rogram  for system  

initialization and serial line com m unication  is incorporated  into the  IN T E L  80 186 E PR O M  

memory. T he TM S 320 10 p rocessor is p rov ided  to  calcu la te  the  contro l structure  o f  the 

drive. T he program  can be again d iv ided into 3 o r 4 basic tasks according to  the extent o f  

control structure. A s the  tasks cannot be  so lved by  th e  p rocessor w ith one  in terrupt level at 

the sam e tim e, they  are processed  according to the  p rio rity  defined by  softw are.

The h ighest p rio rity  (I level) p rogram  is used fo r the  PW M  w ith carrie r frequency o f  4 

kHz. T his program  is involved w hen the  vo ltage source  inverter is used. M edium  prio rity  (II 

level) p rogram  is prov ided  to  calculate the  w hole  con tro l structure  except the velocity  control 

loop. L ow er priority  (III level) p rogram  allow s to  calcu la te  the velocity  contro l loop. T he 

lowest p rio rity  (IV  level) p rogram  serves fo r co n tro ller param eters recalculation  and 

com m unication w ith the IN T E L  80 186 processor. Param eters m ay be transferred  at all 

program  levels. T he start-up  tim es o f  p rogram  levels are 15 p s for the I level, 255 p s for the 

II level, 5 m s for the III level. W hole  p rogram  is transferred  to the p rogram  m em ory by 

means o f  the IN T E L  80 186 processor. T he processo r is connected  to the  T M S 320 10 

m em ory space at the T M S 320 10 reset condition.

A ll m athem atical operations o f  both processors are p roceeded at an in teger form  to insure 

the high-speed processing. T he program s are w ritten  in the form  o f  m acroinstructions. This 

m ethod perm its fast and w ell-arranged program m ing  o f  new  structures on the  base o f  recently  

debugged and tested  m acroinstructions.

EXPERIMENTAL RESULTS

D escribed con tro l system  w as experim entally  verified  w ith induction  m oto r (P= 2 ,7  kW ) 

drive w ith vector control. Experim ental results confirm  excellent dynam ic behaviour o f  the 

drive. T he sam e dynam ic perform ance in accordance to the  analogue version  can be show n at 

the d ig ita l contro l system  but it has even all the  advantages o f  the  m icroprocessor technique 

applications (F ig .7 ,8). T he m ain  features o f  the  realized  A .C . contro l d rive  are:

* four-quadran t operation,

* speed range (U Mo=250 V )...................................................................... -lOOOr.p.m.+lOOO r.p.m .

* floating  speed under reversation  +100 r.p .m . => -100 r.p .m . w ithout l o a d  <  50 ms
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F ig.7. W aveform  o f  quantities during starting  and reversation  +/- 500 rpm

Rys.7. Przebiegi w ybranych w ielkości elektrycznych i m echanicznych w czasie 

rozruchu i zm iany k ierunku w irow ania  +/- 500 obr/m in
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Fig.8. W aveform  o f  quantities du ring  starting  and reversation  + /=  500 rpm

Rys.8. Przebiegi w ybranych  w ielkości e lektrycznych i m echanicznych  w  czasie 

rozruchu  i zm iany k ierunku  w irow ania  + /- 500 obr/m in.



110 P.B randstetter

floating  speed w hile  un load ing  M z >  50 %  M„, and speed n =  200 r.p .m .,,,, ..<  100 ms 

* con tro llab le  asynchronous m oto r to rque  at transient processes by  speed contro ller 

suppression.

CONCLUSION

T he paper refers to the  tw o-processor control system  w ith the  IN T E L  80 186 

m icroprocessor and the  T M S 320 10 d igital signal p rocessor p rov id ing  a h igh-speed 

com puting  capacity. T he theory  o f  the  vector control in the vector con tro l in the field 

coord inates o f  asynchronous m oto r has been supported by the experim ental tests o f  the 

laboratory  A C  contro l drive m odels. T he universal control system  on  the basis o f  the IN TEL 

80 186 m icroprocessor and the T M S 320 10 signal processor enables to sim plify  the control 

calculating  b locks i f  com pared to  the analog version. M oreover it should m ake the adaptive 

and op tim um  drive contro l possible.
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Skrót

W  pierw szej części p racy  przedstaw iono opis m atem atyczny dynam iki silnika 

asynchronicznego zasilanego z  falow nika nap ięcia  opierając się  na zdefin iow anych w ektorach 

przestrzennych prądu sto jana i w irn ika  (rys. 1). D la w yszczególnionego układu napędow ego 

opracow ano strukturę w ektorow ej regulacji prędkości obrotow ej siln ika (rys.3). D ruga część 

pracy (pkt 5 i 6) zaw iera opis z realizow anego system u w ektorow ej regulacji prędkości silnika 

oraz w yniki badań eksperym entalnych przeprow adzonych na m odelu  laboratoryjnym  

obejm ującym  układ  napędow y zestaw iony z  falow nika nap ięcia  o raz  siln ika 

asynchronicznego o  m ocy 2,7 kW  obciążonego  siln ik iem  obcow zbudnym  prądu stałego. 

Regulację prędkości obrotow ej siln ika  asynchronicznego zrealizow ano za pom ocą 

dw uprocesorow ego sytem u sterow ania  z  m ikroprocesorem  IN T E L  80 186 o raz  p rocesorem  

sygnałow ym  TM S 320 10 (rys.4). O bydw a procesory  p racują au tonom iczn ie  i zgodnie z 

oprogram ow aniem  realizu ją  oddzielne zadania. W zajem na kom unikacja  pom iędzy 

procesoram i p rzeb iega poprzez  pam ięć RAM . W łasności dynam iczne laboratory jnego  m odelu  

układu napędow ego prądu przem iennego  z m ikroprocesorow ym  system em  sterow ania  

ilustrują przebiegi w ielkości e lektrycznych i m echanicznych w  czasie rozruchu  siln ika  oraz 

zm iany k ierunku w irow ania  p rzedstaw ione na  rys. 7 i 8.


