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DIGITAL CONTROL
oF
A THYRISTOR-DRIVEN D-C MOTOR
BY
Elsayed H, Bl-Konyaly, 4. Abdul-Magid Hassan and
Reda M.K. El-Dewieny’

ABSTRACT

Phase control represents an effective means of controlling
the average power delivered to & load. The principle of phase
control is used to control the speed, current and torque of a
separately excited D~C motor. The interference between the ope~
rator and the control circuit is provided by a set of ocoded
inetructions through a minicomputer software., The idea of decen=-
tralized control is implemented., Tke computer progras (written
in aesembly Language)as well as the wiring diagram are included.

1+ INTRODUCTION

The growth of slectric drives has cloeely paralleled the
growth of gqutomation in industry. Electric drive eystems provide
& convenlent meane for controlling the operation of induetrial
machinery. The high reliablility and great vereatility of these

lyltlTl ie a direct interpretation for their wide spread applica-
tionsl,

The uee of computers inetead of controller unite in electric
drivee represente a major advance in the philoeophy of control.
Computer control have recently been snhanced by the tresmendous
achievements in manufacturing integrated circuite2. The major
contribution of computers in cotrol means a change from purely
hard-wares based control to a soft-ware based systeme, Thie actu=
ally bringe out two main advantages:

1) Ab increase in control flexibility, and
2) a reduction and simplification in hard-wnre circuite.

In other words, the modification of any drive systea to suit
speciflic needs simply means reprogramsing instend of rewiring.

Anothsr advantages of computer control 1s that, the closed-
loop feedback device is an encoder which makes the control loop
relatively eimple.

¥ The authors are lecturers at the Department of ERlectrical Engin-
esring, Yaculty of Engineering, University of Rl=Nansoura.
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Fige. (1) illustrates the basic computer control schems using
microprocessor, Because of the introduction of sampling and the
ues of microproceseor in this type of system, lower loop gains
had to be used for the position servo loop.

The advent of microprocessors and their flexible programna-
bility bave rapidly enhanced the decentralised control of electric
drives. The application of microprocessors in cotro]l has opened
a wide range of opportunities for improved control through strate-
glcs using the logical and computational capacity of the ever-
developed microprocessors. They provids solutions to problems
encountered with the early computer control systems such as data
transmission, timing problems and initia]l investmentsd. In other
words, they provide solution to tbe problems of both costs and
complBxity. In addition, recent generation of microprocessors
operates at sufficient speeds which match ths requirements of

practical contro]l systems and increase the flexibility of diglital
control.

This paper is intended to implement the ldeas cited above to
the control of & vuriable speed, separately excited D-C motors.
The varlable speed bave been obtained by the use of "phase control
of & thyristor brid;a“'. Bef ore we proceed, the principle of
pPhase control will be summarised,

2. PRINCIPLE OF PEASE CONTROL3

R R R R = R T T = g o ) S p——

Phase control is the process of rapid on-off switching which
connects an a.c. Bupply to a load for a controlled fraction of
each cycle. The process is achieved using solid-state elements
and the arrangement is known as "phase-controlled conventerw,

Phase-controlled conventers coneist, basically, of a recti-
fier clrcuit arrangement in which some or all of the rectifier
devices are eilicon-controlled rectifiers (SCR's).

Phase-contro]l techniques have the following advantages:

1) The absence of wear out mechanism which is present in mechanical
ewitches,

2) High speed performance,
3) The circuit is usually simple and less expensive, and
4) The circuit is inherently proportional controle.

There are many foras of phase control with SCR's%, Frig.(2)
Bhows a simplified scheme of a full wave bridge, together with the
voltage curve for a given delay angle of , for a resistive load,
1t is obvious that the increase of o{will reduce the power delive-
red to the loud and in cuse of moter load, will decrease the speed.
A otarting resistor, in this case, is no longer necessary because®
the average motor voltage is zero at o a 1680%, and can be increased
to ite muximum value at o=z 0°,
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3¢ Description of the Wiring Diagranm:

¥Yig. (3) represents the basic components as well as the
necessary interface linking the computer to the circuit of the
D=C motor. A full wave assymetrical bridge constitutes the pover
converter. The triggering circuit for tbe SCR's consists of a
combination of a light emitting diode (LED) together with a light
activated SCR (LASCR). This combination provides circuit isolat-
ion between the control circuit and the power circuit, VWhen the
control circult is activated, a current flows through the LED
which turns omn the LASCR and the control pulse is amplified eno-
ugh to turn on the main SCR. The free whseling diode carries the
inductive motor current when the SCR's are turned off.

4, Digital Control System for the Full Wave Bridge;

The program of the control syastem is illustrated in the flow
chart of Fige. (#). An A/D converajon unit samples the line vol-
tage and also the adjustable reference voltage, The relationship
between the reference voltage and the delay angle ia worked ocut
in the program in such a way that zero reference voltage correse-
ponds to 180 degreesdelay angle and & 10~V reference voltage
corresponds to zero degree delay angle. Prig.(5) shows the relat-
losship between the rororonco voltage and the delay angle. Such
a dependency of o from V causegs the output voltage of thebridge
to increase with the vnlﬁ‘ 0f the reference voltage.

The program, & list of which is given at the end of this paper,
deternines the positive and negative zero crossings of the llne
voltage by testing the sign of ths two cosecutive line samples
(71 g« 6). after each zero crossover, the dslay angle o is calcu=
lated from the susple of ths given refersnce voltauge. 4 diglta)
clock counts down in time until the desired value of o is reuched,
Then tke clock counts down agaln for a time of 3,3 ms, which is
squivalent to & 60-degree pulse of a 50-Hz waveform. During the
143 as period, a positive pulse ls generated in the computer ocut-
put device., If ths delay ungls o ls more than 120 degrees, the
pulss width is dascreased 80 that ths pulses always terminate at
the next zero croselng.

The generated pulse turns on a transisior in the computer
which drives a current through LASCR. There of the main SCR is
actlvated,

5+ CONCLUSIORS

Decentralized control represents & major advance in control
philosophye. Thls paper has implemented this idea for controlling
& D=C sepurately excited motor. The speed, current and torque are
controlled through a set of coded instructionas provided by & mini-
computer system. The control scheme is presented in ocompact,
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efficient und flexible vay. The introduction of soft-ware control
introduces & smooth transition from one operating point to another
excensive vear on the moving parts.
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Computer Program for

D-C motor control
ADCS = 176770 L2t
ADDB = 176772
DR110= 167772
CCSR = 172540
CCSR = 172542
PERK = 164000
MQ = 177304
RE = %0 L3:
R1 = %1
R2 = %2
R} = %3
R4 = %4
RS = %5
CLR RE
CLR R1
CLR R2
CIR R3 3
CIR R4 DIVID:
CLR RS
Start1 CLR COUNT
CLR PERK
CLR DR110
L1 1 MOY #1001,AICS;
AfD Sampling of
LINE Vv ON«CH#?
INC COUNT
TSTB ADCS
BPL o4
MOV ADDP,R1
TST R1
BLT 11
CMP COUNT, 1 LA:
BGCT L3

MOV
TSTB
BPL

MOV -

TST
BGT

CLR
CIR
MOY
MV

TSTB
BPL
MOV
S5UB
MOV
MoV
MOV
MOV
T3T

MOY

MOV

TSTB
BPL

MOV
MOV

#1001,41CS

ADCS

=4

ADDB,R1

R1

12

L4

PERK

DR110

#0,CCSR
#1401,4DCS;

A/D Sampling of REF
Y ON' CH#3

ADCS

=4

#17774R3
ADDB,R3

#MQ, RS

R3,(5)

#0,-(5)

#14,-(5)

(5)+

(5)+

(5),cCSB
#3,CCSR

Clock STARTS TO
SET FIRING ANCLE
CCSP

o4

R4y GENERATION OP
60 DEGHEE +ve PULSES
#2,CCSB

#3,CCSR

27
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L5s

TEILN:

MOV
TSTH
BPL
MOV

M1/
TSTB
PPL
MOV

INC

BLT
CLR
CLR
MOV
TSTP
BFL
MOY

BGT
CLR
CLR
MOV
MOV

TSTB
BFL
Mcv
SUB
MOV
MCV
MOV
MOv
ST
TST
Moy

#1001,ADCS
ADCS

. -4
ATDB,RY

R1

14

CCSR

o4

#1, PERK

PERK, DR110
R4

R4, #14

LA

PERK

DR110
#1001,ADCS
ADCS

=4
ADDB,R1

R1

L5

PERK

DR110
#0,CCSR
#1401 ,ADCSy

A/D Sampling of
REF V ON' CH#)

ADCS

o4
HTTT,.R3
ADDB,R?
#MQ,RS
R3,(5)
#0,-(5)
#14,-(5)
(5)+
(5)+
(5),CCSB

L10
L11

LT

ot
COURT:
BOFFs

MOV #3,CCSR

TSTH CCSP

BPL o4

CLR R4} GENERATICN
of 60 Degreee
-¥e pulases

Mov #2,CCSB

wv #3,CCSR

MOV #1001,ADCS

TSTB ADCS
BPL .4

MOV ADIB,R1
ST R1

BPL L10

HMT L11
JMP L3
TSTE  CCSR
BPL .4

mov #2, FERK
MOV PERK,DR110

INC R4

P R4, $14
BLY L&

CLR PERK
CIR DR110
MOV #1001 ,ADCS
TSTB ADCS
BPL o4
()] ADDB,R1
ST R1

MI 17

JMP L}

EMT 60
-WORD O

« = #4000

« END START



