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AUTOMATIC GENERATION CONTROL
USING DIGITAL TECHNIQUES

BY

A. Abdul-Magid Hassan , Reda M, K, El=Dewieny
and Elsayed H, El~Konyaly

Techniques for simulation and application of automatic
digita)l generatiom control are presented, Objectives of
generation contro) are reviewed. A digital control scheme
is described and implemented., The presented directive soft-
wars is capable of guiding the whole system so that control
ebjectives Are achived in a satisfactory manner.

1. INTRODUCTIONS

Over the past decade digital computers have been insta-
11ed by many electricity supply authorities and utilities to
aid the control engineers and operators in both the operat=-
iona) planning phase and real-time control of power systems.
By far, the majority of computer installations to~date serve
in supervigory level; carrying out such duties as data logg-
ing, monitoring variables and checking for alara conditionz
contingency evaluations and economic dispatch ca)lculations 1)

Recent advances in digital technology have resulted in
tremendous reductions in digita]l component costs and improve-
ments in reliability. These advances led to the umse of
digita)l components as integral parte in industrial systems

and direct computer control has been ths usua) results of
this integration,

Automatic gensesration control has evolved --
the time when the junction was perforpes
the days of slimple analog syster-
of eophistioatsd direct ¢°

Generation control i
objectives(243)
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minimize operating costs ?,_':. .8 ,;'9
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The use of digital computers and high speed data
communication systems allowe & nev degree of freedom per-
mitting, through software, the implementation of wide range
of control techniques.

The kay to the derivation of improved control techniques
lies in the ability to test them on eimulation modele of the
process and controle.

This paper presents & digital control scheme applied
to a gimulation mode]l of a two-generating unit pover-station.
Test and operating software are iancluded.

2. BIHULATION MODEL OF A GENERATING UNIT:

A generating unit is fully simulated by & separately-
excited D~C motor drives synchronous generator. The output
torque of the D-C motor is either armature-or field-control=-
led. The fastresponse is a cridet for the former control
scheme.

3. PROPOSED DlGITAL GEHERATIOH CONTROL SCHEME)

Fig. 1 shows the proposed digital control scheme in
which digital-to-analog converter (D/A), Analog=to-digital
conveter (A/D), multiplexers (selector) and data transmission
circuits form the necessary interface-requirements ]inking
the computer to the power system under comntrol.

The actual most sconomic load allocation on the various
generating units are stored in the computer memory as a
table. Control action to each individual unit is primarily
& function of the unit's control error defined as the dif-
ference between desired and actua)l generation. This permits
tuning of control action to the individual unit's dynamic
response characteristics and provides unit control without
overshoot since control action 1s in proportion to the srror
of the quantity being controjiled.

Rea)location of generation may be gulded through a com-
‘and signal proportional to the frequency. This command
gnal comes from a tachometer mounting on the rotating
tt of the generating unit., <The ability to relocate gene-
‘n on command, offers a complete automatic feedback
1 control system which can be of particular value in
{c implementation of system security measures.

upervisory routine which directs the interaction
quter and coantrolled system ie visualized by the
h Fig. 2.
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Contro]l actuation time depends om conversion spaed
(or resolution) of the A/D used, Usually, such devices
have two extra bits (or pulses), Start conversion and
conversion complete are the two extra pulses which are
used as interrupt signals the time between which represe~
nta control actuation time,

4, SOFTWARE REQUIREMENTS:

Programming computers for direct applications and
contro]l is usually carried out using Assembler Langusge
agsoclated with the computer,

PAL=11 Assembler is the program which translates
gymbolic language into abhsolute binary codae capable of
being executed by the PDP~1ll family of computers. The
symbolic language or source program in PAL-11A language
is composed of a sequence of statements which can be
edited and punched on & paper tape by the PDP~]] Text
Editor Program ED=]].

Accordingly, four extensive programa were developed
using the computer’s assembly language and the text Editor.
Listing of the four programs is given in the appendix.
Program one tests and adjusts the performance of the
digital=-to-analog converter. Program two examines the
closed loop embodying all devices of the digital control
scheme. Program three is & fina)l program which directs

the control process on &4 two-interconnected power generat=
ing units.

If a forcasting routine is available to preudict the
power demand in advance, 1t may be operated in conjuction

with program four which operates the system automatically
saccording to a time=power scheduje.,

According to program four the computer loads the whole
system automatically with & new load every two minutes which
is proportional to an ¢ctal number of 2100 in the program.

5« CONCLUSION:

Conclusively, automatic digita)l generation control 1is
lmplementad and is satisfactory working, using & simulation
model. [Loading and control processes are programmed and
the necessary software is given. VWe are looking forward to
the day in which these simulation techniques are in practical
working order.
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7010?!%% One:
;s TEST PROGRAM FOR THE DIGITAL/NAIALGG CONVERTLR

AVEC
STAVI.C
ADCUUT
DACIN
ADCSR
{EYS
123
Rl
rz
n3 %3
R4 L4
R5 = 15
«» = 702
START: ) MOV #3342 , STAVEC 3TFRIORITY OF SEVEN DURING
PINTERRUPT
MOV #4032@ ,» AVEC s ADRLSS OF SENVICLE Nou-
>TINE TO INTLRRUPT VECTOR
MoV #1200 , ADCSER ; EYIAELE IHTERRUPT A
UALT i LOAD KLEYS
BEGIN: MOV HEYS , RS
MOW RS, YIYS
TEST: MOV RS , DACIH
CLR RE
DELAY: Ing RA
CHMP R , #6250,
BNE DERELAY
CHpP YEYS , RS
CED TEST
JUiP BEGIN
« = 4032
nRTI
«LND START

Jinm
alz
167754
167752
167752
17757¢
22

=1

12

H I d w W 0w
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STaRT:

LOAD:

LOOP:

READ:
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Ted. Program Two:

TEST PROCTAY FOR THE

i CONTAINING THE A/D AND

AVIC = 317
STAVEC = 31°
ADCOUT = 167754
DACIN = 167750
ADCSR = 167750
YFYS5 = 17757

reg = 49

Rl = 71

R2 = 12

« = 1B@A7

MOY #3347 5 STAVLC
MOU 24008 5 AVLC
MOV #1830 , ADCSR
MOV #101777 » RI
M0V Rl , DACIW
CLF R2

INC R2

C1P R2 , #6250,
PHNE LOOP

TSTB ADCSH

BPL READ

MOV ADCOUT + RO
MOV BRE , KEYS
GEC A1

JHMP LOAD

- = 4002

RTI1

«FNO STANLT

CLOSED Loor
D/n CONVIRTENS
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7+3+ Program Three:

THE FINAL PROGRAM WHICH COMTROLS THL ECOMNOMIC POYER ALLOCATION
ON TWO INTERCONNECTED POWER UNITS

LT 1

AVEC = 310
STAVLC = 31¢
ADCOUT = 167754

DACIN = 167757
ADCSER =3 16775F
KEYS = 177572
ng = 10
Rl = %1
R2 = %2
R3 = %3
Na = %4
RS = 25
« = 30028
START: MOV #3422 , STAVEC JPRIORITY OF SEVEN DURING

INTLRRUPT

ADRESS OF S5ERVICE ROU-
JTINE TQ IHNTERRUPT VECTOR

MOV #l@€ ., aDCSR s ENABLE INTERRUPT A

HALT JLOAD KEYS
BEGIN: MOV KEYS , RS

C4P RS ., #7777
BLE READY
MOV #7777 , RS
READY s MOV pl2@2 , RA
LOOP: CHP RS , @&R4
BLE STEADY
aAbD #2000 » R4
JHP LOOP
STEADY: MOV R4 » N3
MOV PR3 » KEYS
LOADZ: MOV N3 5, T4
HMOY #4PAAE , R2
NoD &4 5, R4
noD R4 » R2

LU T

MOV #4080 , AVEC

DONEZ2: MOV R2 » DACIN
CLP R2
DELAY2: INC RE

CHMP RP , #6252,
BNE DELAYZ2
MOV ADCOUT - RS
CMP RS , #1153
BLT CONT?2
MOV 241133 , R2
JHP ADJ2

CONTZ: MOY N3 , R4
ADD 254 » Ra
cMP RS » BRA
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YalT2:

LOAD!

DONE] ¢

DELAY 1:

CONTI:

ADJ 11

¥AITIL:
TEST)

HIPp:
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ELE LOADIL

Sup #37 , NA
MOV p4ceprn , R2
noo #nR4y , P2
MOoY R2 , DnCLN
CLR n&

INC R2

M r2 , #6250,
GHE WVAITZ2

ti0vV R3 », R4

ADD #12 , N4
MOV #1000272 , P
ADD @n4g , NI
MOV Pl , DACIHN
CLR R&

INC n2

CP R , #6252.
BENE DELAY I

MOV AaDCOUT » RS
CHP RS , #2123
BLE CONT!

MO #l&lB22 , N1
JMP ADJ!

MOV R3 , N4

ADD #4146 , Ny
CHP RS , 8Ng
BLE TEST

SUn #1a , N4
MoV slEeeoe , RI
ADD eRt4 , nRI
MCY 1, DACIN
CLR RPR

INC 1B

CMP RS ., #5256,
BNE VAITI

CHr XEYS , BR3
BLER SHIP

JMP BEGIN

JIIP LOADZ
«=ANAN

RTI

« END START
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L1}

e

START:

INIAT:

5TaY2:

STAY 1:

BEGIN:

PAUSE:

LOAD2:

DONE2:

? o% « Program Four:

THE FINAL PROGRAM RIICH
ON TWO INTERCONNECTED POUER

AVEC
STAVEC
ADCOUT

DACIHN
ADCEN
KErS

-
- =

MOV

MoV

MoV

HALT

MoV
Moy
cHp
BHE
MOV
CLR
INC
cup
BNE
MoV
CLR
INC
cup
BHLE
JH
ACD
cHMp
BLE
MoV
JHUPp
cL®
MoV
Moy
MOV
ADD
ADD
MOV
CLR

CONTROLE

310
3ie
167754
1e77ee
167750
177573
R® 3%
R1
Rz
"3 3
na %1
RS = RE
32920
1340 &

-
sa

-
U

nmn w uwm

STAVEC

r4a2@ , AVEC

#12¢ » ADCSR
KEYS » RS
PA06 , NI
ns » 8NN3
BEGIN
241717 L,
R2

RA

ne .
s5TAY 2
L2177
Re

24%]

ne .
STAY ]
INIAT
#0272 , DI

R3I , #2140
oaUSE

ELOC3 , N3
BEGL
2pIR16

PRI », KEYS
R3 » R4
440922 , R2
4 , RYg

ana » R2

R2 » DACIN
ng

DACIN

#6250,

#E2BT.

DACT

Tt ECONOMIC POWER ALLOCATION
UNITS

;PRIORITY OF SEVIN DURING
;INTERRUPT

; ADRESS OF SERVICE ROU~

s TINE TO INTERRUPT VECTOR
; ENABLE INTERRUPT A

;LOAD HEYS
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DEL.AY 2:

CONT?2:

ADJ2:

VAIT2:

LOADI:

DONE1z

DELAY!:

CONTI1:

ADJ1:

WAITIg

TEST:

Iilc
cuir
EBNE
MO
ciip
GLE
Mow
J1p
MoV
AbD
CMPp
DLE
SuUB
MoV
ADD
MoV
CLR
INC
CMP
BNE
MoV
ADD
Mov
ADD
MOV
CLR
INC
cMn
BNE
1oV
cp
BELE
Mou
JMP
MOV
ADD
cCMP
BLE
suB
MoV
ADD
MoV
CLR
ING
CcMP
BNE
INC
cHp
BNE
JMP
JHMP

PTL

LMD

r]’}'.

RE , #0252
DLL oy~
ADCOUT » PS5
RS 5 #1153
CCT~
#1133 » R7
ANz

13 » N4

A58 5, R

RS , 8Ra
LOADI

#£30 , RAa
r420888% , R2
ena , R2

P2 » DACIN
R2

R@

RZ », #6250,
WAl T2

R3 » R4

#12 , R4
r1BBCCEC , NI
ana , RI

Rl » DACIN
ne

R@

RE », #6250,
DELAY ]
ADCOUT , NS
n5 ., #2123
COMNTI
#171980 5 Nl
ADJ 1

R3 » R4

#46 » R4
R5 , @4
TLST

#la », R4
#1932 , RI1
ana » ni

RI » DACIN
RQ

R3

RZ . #6256,
WAI T
Bri216
2410216 » #2120
SK1P

BEGIN

LOaD2

A

S -r;.l, o
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