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When Specilying a computer-control installation. an
imporiant -J--—.n[l':.--.'!--h I8 16 1nsure l?l-‘r[ II-'IHIIH-'I-"*‘ and
software nre complementary., Inclusion of Cerlain hard
ware features may sive much work when programmine
the computer, | versely, their absence may render cer
Wwin msliruclions mpossible 16 Program, H_'. ;-r--lw-riu
weighing the cost of hardware ngainst likely future pro
Bramming requirements, proper balance can he established
I'H"I'H-‘q'rz Lhi Iwp erls of cosls,

For example, in a situation where large memors cl-
pability is required, most e onomical solution is often 1o
supplement he expensive hi_gh-r—;-r-r'-'f “working™ memors
with a loweraost auxiliary memory. This combines tha
advantage of high-speed arithmetical operalions with
r'l"htlin‘.*l}' low overall memory cosl T'T_.jrfr-.-;”l,_ H"JILiIlIL“
memory would he magnetic core. and the auxiliar mem
ory either disk, drym of Mmagnetic tape

Anticipate future e€xpansion

Future necds mus be forecast as accurately as poss;.
ble when specifying g “ompuler system, In man, early
Process-computer installations, Programming costs were
extremely high becayse of hardware limitations. Mesiory
was often 1op small, arithmetica| operation slow, and
put/ outpug capability Limited. Today's computer hard.
ware hax helped redyce Programiming costs considerably,

iu'u prigram changes and possible fytyre expansion shoyld
still be taken into #ico i

for emergen Y resctions
A good rule of thuml) is ¢

_ PUer progrym
Operaling situatjon.

Choose memory system with care

.anur}' Gapubility, ax mentionsd Previously, needs
careful balance between working and auxiliary store cq.
Pacity. System employing [nsbwarking memory, supple.

ioe of Progeanm !angunge is limited in raclice g
three: (.'L:lBU‘L ALCOL and FORTRAN. The %ul, l':c:mf
mon Business Oriented Language, wax developed largoly
85 & means of “ommun icating Gomputer fun
field of business daty Processing,
AL.G:I]L (Algorithmie Language) iy & symbolie Iyn,
independent of (he particular compyter alructyre,

elions in the

'gﬁqpm wrilten in ALGOL is sulliciently Jegible for ,

programmer to read visually, Yer, at the BAme Lime

; v 1
be trans!nted automatically nta any j-utlir'u[u I Ilj
’ / - Naok,

3|
cade hy 1 suitabl lranslatoy Program '
Mosi pProcess-control Compulers |...j,.i}- ULe one
variants of IBM's original FORTRAN Prior 1
ing commands for 4 compuler way g
FORTR 'i\. is, in facl, g compiler of Program Elherato,
which produces Program. aulomntis ally suited 1o the
compuler in yse: “J-.nh.‘ul!l:”_:r IS that any ""Jfl'ij'”*'r-];r-;
duced program I!'illjiil‘* n]unul :quhit: [hr Sphace nt.-;;j,_.‘!
l-j.' i -en:r'FllJi}' ]i:lm[-hiillrrn prugr;un. 'I'h't.LE, d buiitrr'
turbine slartup program can be wrilten by hand in o
<000 words but takes 4000 words when produced |y, a
compiler. FORTRAN linds principal applications in rel.
atively infrequent procedures, such as plant startup ang
shutdown, ,‘hhnuh--la}-n:inu[t scanning, on the gther hand,
15 handled by u standard _scan, monitor and algrm" pro-
gram filled ip manually for the particular scanning g
quence dictated by Operating requirements,

'!I i;'|-r-
1| ”.':k, Wril
manyyl I O e

Check validity of input signals

Self-checking Program 1s important feature of process.
control computer system. Unlike a scientific program in
which the results oblained are printed out for perusal by
an engineer, closed-loop control system ulilizes the com-
puter's caleulations te g0t directly on the process plant
itself. Should either input ta the computer or data-han:
dling within it be in error, the resulting calculated contro)
points  and outpul: signals will be incorrect and could
result in hazardoys operation. Double and triple checks
may be fecessary Lo insure thal operating data is valid.
As more ind more Input signals are utilized, the program:
ming fecessary o provide such ralidilf checks becomes
in{-rf:ahing}].' more complicated. Continuous calcalation af,
say, heat balance cap pe useful in determining the validity
of input information, sigce an extensive range of input
data figures in the calculation,

Kﬁﬁh'illg the process itself is an important atiribute
of the SYstem programmer. He can observe the overall
mlaliuuship bhetween program and process more casily,
o establish the oplimum frequency of data-logging, for
example; Also, he can incarporate such aids to elliciency
48 fixed-point programming where this will speed up a
repetitive loop function. For this reason, the present
I.endrenr:y 4mong users is to train their own engineers as
Programmers rather than rely entively on the Computer
manulacturer. To this end manufacturers provide compres-
hensive training courses—he Westinghouse Computer
Center, for example, ingludes a selfcontained school
where cugtomers’ personnel may spend up to g year study-
ing Programining technigues,

Utilities, in particular, have fownd it essential that pro
grammers be vompletely familiar with the power plant
and s operation. Most of them now assign lemporary
Pelential programmers to the manufacturers’ works, lm_lh
o study and also (o assist the manufucturens’ swn stafl in
an advisory capacily as problems arise,
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getting the most energy
for the fewest dollars
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One way to use recovered engine b
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Vo the Onl and Gas Engine in this area was  ample—hay microwave and computer installati
; a8 Engine Power Costs S p ave led to increased i ations Iopes-
E has published ‘ower Losls Sub.  sets abl . Interest in engine-g
- has published for man _ e lo take oy . : eéngine-generator
Y Years an an- w er with essentiall Yoas :
s | . ave shape, frequenc y no loss in electrical
| y or voltage. Standby equipment of

: = SUCh report presents data collected § is kind has proved a practi
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Im:min; e of arithmetic and its
descendanl. mathematics, and  the
growing mountain of data to be pro-
cessed lad man to develop easier WaVS Fower svoply Po
of doing the job. So were born the ' e
abscas, the adding machine. the slide
Tale. the caleulator. These relieved
man of the boring chore of repetitive
Beuring, sped up the process and
more accurate.
hllﬂ".‘! compalers, In the 1920°s
efiorts were made 1o speed up the
Pprocesses of more complex mathe.
matics by puttinz eectrons to work.
Flrmm?:trkal setworks of resist-
Ances, mdoclances and capacitances
2d sppiving volisges at input te.
mmals provided answers to complex ) ABaloz computers were the first type
) uatio h_v St voliases and mofdmﬁﬁndﬂsmiﬂlpp]i
- currents al oulpul lerminals. The
ed by developine varivos clectro.  1—GCOMmparison of number systems

Analog computer controls add, subfract

generate logarithms and trigonometric f;a:':::;:l: elivide,

anclog
to=ggter

Analog
Computer

Shofy
folgtisa

Pﬁ.‘ ar j'.n'_ﬁ-'ﬂfr

g Lickoge
|olice

Anclag
compufer

of electronic calculators developed. Thsir
cations in closed-loop energy control 5]'5:::;

DECIMAL SYSTEM

graphiica BINARY SYSTEM
sems thus type of computer _ eghis Weights
¢ specialpurpose analog Powersofbase 103 10% ip) 100 - 23 22 2t 20
._ Deciwel voloe 1000 100 10 Decimal Equivalent no.
: number | & 4 2 ] Binory  Decimal

g g g ? 0 0 0 0 0 0000 0

5 = = 3 ; §f 0 0 p 1 0001 1

3 i = : e 0 1 o 0010 2

: - : = 3 I 6 o 1 1 0011 3

o o 10 4 C ' 0 0 010 3

5 0 1 9 1 0l01 5

3 g g g 6 0O 1 1 o0 0110 6

: 2 5 4 7 g 1 1 | gl 7

3 5 8 8 I 0 0D © 1000 )

B ores 3 9 I 6 0 1 1001 9

_u 0 10 1 ¢ 1 0 1010 10

I 0 7} 100 FREL SR S | 1011 i

g : '_: & 876 ' 1 0 o 1100 12

. - ; 9 3579 ey o 1 1101 13

s 5 3 813 I 1 1 o0 o 14

% 3 9 9999 (S S K SR T 1T 5

ﬂftﬁ are the basic tools of binary
arithmetic, a counting system hased
on -.l,ha number 2. The one we ordi-
narily use is the decimal system based
on the number 10. Our decimal sys-
tem is largely an arbitrary form of
ﬂﬂﬂﬁliug._.fmnhﬂhlf derived from the
fact that we have ten fingers, our
handiest counters. Table 1 shows how
inary and deeimal counting systems
corelat wit Sashi oty
- The digils in a decimal number are
5 the coefficients of the “l’.iﬁha[pnw::
+ of 10, the base of the decimal system,
For example, the number 876 really
107 47 % 100 4 6 %

with master input signal to ho

Manual control system

Qpen-lnﬂp control system

Tranemitting .

T T
|

Uperalos

eral system holds control at set poinlk

10°, The placement of each digit 1n
the number tells how many hundl'ﬁt}é-
how many tens and how many unils
are in the total.

The binary syslem follows An
analogous arrangement, each digit
(which can only be 0 or 1) tells how
many of each power of 2 is in the
total. Thus the binary number 1010
means 1 X 28 + 0 %X 2° + 1 x 2!
+ 0 x 2% Since most of us are
strangers lo binary arithmetic the
number gives us no “feel” for the
total value. Translating this into _ﬂe-
cimal arithmetic (see table) we find
(1010): = (I X8+ 0X4+1X
240 % 1)ss = (10) 10.

This seems a cumbersome me_tifmi
of expressing numbers, but limting
the digits to 0 and 1 is the key 1o
high-speed data processing. Comput-
ers designed in early days to handle
decimal digits (0 to 91 always [:n:rt-"-'t:"ti
ponderous in size and slow in opera-

FoOwEr 5;_'.;.:;‘!

Fowser 352201)

Meosuring

glement

Tertey nEnbere. betters ne o

The T —— .
PSS reprenting baw & 4

HEY tetpsset rhao o= i S

b = -t ATy "'L_':.t sie

b &

., T=LNE, wropd.

e o the Cryie 8l ookt

esiadfidind Kir the Commpmes U
'-'ir.*i.-z;rr.iag r!'ur‘:";"-f. . 1
that 5rs the wor a 4 i . P>
: ~- W jorm of the daiy
Proceseed by the

_f-{:,_;._, .

OO F . =

Chopobers muy ke binee
ceded decimals that e _L_'I.,..- .:J::_L
% hasdle (e mawe of £t 5. -
TEASEE W aENE P |
B 0 To handle 1ha aphabetic e
WSErE (20 they ges (b eragps. A
Trpater -fli".':i;.'mi In wotk w2k 5
"f‘cim .:[rﬁ bits e :ﬁ-:cfj iz
e bandle 874 = 124wl deeiml
sambers or 446 = Bl phs
betir woeds,
tﬁl!l'plllﬂ' Iﬂ_‘l‘ﬂIlL ?II. | =aws
the eosential divisions of 3 &phl
omputer and Lta the tipe of auip-
ment mvolved or the duties per-
formed. The inpst wdficn reoenes
the hasic dats 1o be worksd with and
the instructions of what's ta be done
with the dsta. Darmg the recesvies
process it converts 1he data to binary
form. The memory recemwes the 5
nary furm of both dats 3nd insires
tioms and as the It shows may == 2

wide varisty of devices. Locatica o

in manual control sytes. Qpesloop te2= o1y ip 3 memory = gves Oy 30

— iy, B

et i, m iy

<ets control to change the How i L epieiiE i St
e g " Clpead-loop svslem  fompares szl Gow sddress. j,h#mu.:mrﬁgiﬂﬂ.ml.}xd

1d fAow or variable at

the peeded level heoash cetl

tion. Fortunately, 1 the mid&t@
digital computer, data can bi.:f m::
in decimal form, but Ij]+t compates
atically converis this to binarcy,
" arithmetic, and popverts
decimal form before
g the result of ﬂuj{ﬁ'fit;

Each binary digit is cal]ej ih[- :}L
in computer rechnology h.‘:n de#mb
sign and size of the maC l.l'-lr'.‘- W
u: the number of bits it can

autam
does binary ari
the answer 1o
discharging it

memory capacity bt bighest s
ﬁﬂif.. O the other hand. mammeix
e b capacity but bow:
Pazchad cards bave the

Jowest access spead of all he dE0e

mpeates. by w :
1 . In
iy conjEnEtion with toe E?hm
mosd compulets glter the TEU

b
.b«n 'I'ﬂiil'.d ol r i lhf melt

division of 3 @

in any _ . gl ehec- e
a bit can be rep i b?h psse- ﬂmu.;gram countel, T8
. : l !:_’ or L aiﬁﬁﬂﬁ o P \ km"ﬂ s l‘ imnﬂn b el
trica P;l se o1 be a MO mentary 80 cailier control ._;_;uid shers. The
The pu sc € a short durﬂﬁ““' d lers 3

» DT current ﬁf‘flr-" ail ba-,..:.unuﬂe %
"E° e order of microsecons. q) power NP5 e
o ﬂlE‘ 0 ' ﬂ.mpulﬂ i,'lr':u“‘ ‘I. -,‘HWI m 0&‘[ iﬁl""’m

Pulses l;: ﬂit iming (2] inﬂﬂt‘; na) cleroeats tmtcil‘-”"h“’“:ﬂ

- s asic u nird
Eﬁmhtbfh‘ n (3) contro o g puBe l&ﬁuﬂmtﬂﬂ’ e e
ulfm'l“.a“".:' \ Gimidg ascillator S | trol cipeuil Pt hat 8re
erates Lhe 1

al and T¢

lions through
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Cantrol roomy of Alamitos Plant of Son
Ca holds computer for supervisiug

4

processed: (1) selection (2) evalua-
tien or decoding (3) execution.
Computer outpur section equip-
ment takes moch the same forms as
the input section. For the record type
of outpur the binary-form signals
from ﬂ& memory are first converted

thern California Edison
its Units 3 and 4. Thess are

for which computers were first de.
signed. Computers cap do a wide
variety of mathematioa) manipula-
tion as shown in Fig. 1 in the listing
above the arithmetic unit. The par.
licular utility in this application is
the hizh speed with which data can
be processed through complex equa-
tions. Parameters in an equation can
be readily changed to study the ef.
fects on results. The scientific com-
Puter is generally olassified as the
general-purpose compuler, because it
can be adapted (though not always
economically) o any type of data-
handling problem.

The largest application for digiral
computers is in the eélectronie data
processing (EDP) field, Here the
computer is used for compiling pay-
rolle; customer billing, zales pusting,
inventory control and genersl high-
volume bovkkeeping  getivities. The
high investment of rental cost of the

vomputer is usually more than offset

bﬂ' the reduction in costs of clerical
abor and volume of fijes,

- Electrie ulility systems for sey-
cral years have been showing high
interest in using computers, General.

356

General Electric 325.mw S600/1800 rpm
2400-p<i 1050/1000 F steam from Co

purpose computers are used for pay-
roll preparation, customer billing, in-
ventory accounting, financial control,
engineering problem solving. Among
the latter are system design and plan-
ning studies, forecasting future cost
trends and fuel needs for individual
generaling unils.

On-the-line computers do  auto.
matic data logging, scanning and
alarming of equipment aperation,
performance calculations, limited
automatic machine control, and auto-
matic  system-load dispatching ae-
counting for cooling-water tempera-
ture and other factors. The ultimats
aim is 1o have computers control gen-
erating plant operation completely
from startup to shutdown. Limited
runs have been made on g few units,
but more work needs to be done he-
fore the automatic generating plant
comes of age.

Success of ontheline computers
depends on the relinbility and ac.
curacy of the basic Messuring instri.
ments and transducers. Failure here
is a8 fatal as man-failure i

making
the wrong move, Many of the pioneer
efforts have found thm Computer

turbine generators uting
mbustion Engineering bailer

w 8 r " '-.‘-"f':' e
; 1l “_h,-. g4
ﬁ.u T - :
I_ - ] 4

1

jusirial processes are sSSmulals

Lomplex 1ndnsirial proccese
. 55 Vit } el oW
il i ~yveleime “,u‘.--f- l’ Ll

=

programs needed

WeEereg mmiu h more
tensive and costly than anticipale d.
One approach to plant éiti[-.l!‘l'.nll.‘.Iun

depends on building a mathematical

model of the dynamic behavior of the
individual components of the plant.

I'he compuler program ma) I}'n-!i he

based on this model illili.‘:ﬁ}. Field

testing of the computer in the plant
| modifications
actual be-

then shows program
rlr_"!'LiL.‘ll (o !::Ilfnﬂr‘l 1o :
havior, This is not as simple as it
may sound because an error correct-
ed in one variable must be accom-
panied by corrections in other de
pendent variables to keep all factors
in the proper overall balance.
Operating experience with auto-
i bic on-line compuler control has
been limited ta a few plants Little
‘.I:}p.-n' No. 1 of the Louisiana Power
& Light Company was the ﬁr&&l_ to
run. The 233:mw unit uses a Day-
strom Model 46 computer with a 21-
bit word and an 8000 word core
memory supplemented by a 100,000-
word drum memory., The computer
was used for h_:,__r;_-ing prior to wnil
slartup in 1960 Only six tests of

ﬂut-.mmtm l,'(-:;tr“] WETe l'lllet‘.. at |Ci:"-|

Miznespobie Heney-

develop aulomabic conlrel sysiem

d on analog compuier at

Pa. w

' ] T Vol ima mire
rt-:n_nﬂ.. H',!h 1|r‘:_:|_1r iwo lash X I
‘ Tests are expected o

than two days. 1 i
be ¢ u'!'ﬂ{*h‘.h':d l-t‘f-."rt the r:nﬂ -'.nf ']_-
year. Low computer p—‘:-J '.m*-..-Li- rz:
fnzc;n--r:;r.* of the system lor gubomal
onirol .
b .-".[rr-.-n'apu!r'r lo 1\: ir';i;'.'i:.Jt_'*.i ]nHL!:
400-mw Unit 2 at this plant r 30
will have a :p{'i;‘u] 15 to 20 hmes _|I-3.._.
er than that for Unit l_. The ne::ﬁx”ﬂ
er will have a 15-bit woard, 28

pul == 3 WR I
word core memory and 1510
WL i L1 H ]

N in
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Survey of digital computers installed

in steam-electric central stations

2—Digital computers
installed annually

No. of Sc onite
Control units with

Data plus aver  digital
Year enly dota 50 mw computer-s

95§ 2 0 e i
1952 0 0 — -
1960 3 1 47 83
191 7 5 44 2713
1962 8 3 g 290
19%3 15 ) 41 635
1964 3 2 46 109
1955 0 6 39 15.4

Totals 33 o] 255 251+

:ihﬂl't-—-lhﬂm Br sarvey diu Jon 1963 an added 8
comp were ordered For probabl =
&5 instollotion i el
*—~Averaged on 1960-1965

| benefits

Nember of
installations

30
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Shutdown scquence control:

300 Lo 600 analg
Important cycle
100 to 300 may k
furnace,
made by
and leve

E I]u‘iﬂts lo
tonditiong
1 € I the by,
lese meaaurcmum

temperature, Pressure, ||?.:

| transd

Sducers: thay

A o X 0OE

lenis in signal cabling POs& proly.

Medsy g
ﬂhllnm
I ang

Normal 11 14 X s Shielding re..

Emergency 10 12 “""‘:r signal nojse and li|h£'rin;g 5

Direct digital control 13 20 calibration, T and

As many 6 :
U T y as l]l[]-wntan:t closures
Y D€ monitored in g plant g

6—Analog inputs automatic sequence control. For i

Per generating unit ple scanning and logging com ;:m

::?nnhr::ﬂ. L Thermo- there may be as little as 50 pl;ol}’”:re

£t i . E 2 s

n couples  Units to b_e. coped with include conlact re.

1- 4 ) 0. 99 23 liability. bounce and noise:
5. 9 20 100199 9 Alarm and logging functions for
:;E f 3233-299 10 an on-line computer may vary from
'399 Iu ” 3 =1

Over 20 9 400.4%9 z flﬂr I small system to, 400 gn 4

Over 500 o  “ompletely automated system, Stydied

effort must be made to avoid logging

Rosis too much data. All points scanned

Mv or ma Units elements  Units need not be lﬂggﬂdI even for histor-

= = ; ) Jcald ljrtj'i;m'r11£|li-:m. Only the data

25. 49 14 1.9 13 Deeded Dy an operator to make de.

50. 89 6 10.29 12 Cisions should be logged. Perform.

70- 99 5 30-49 23 ance indices and operating guides

:gg-:;g i ;jg-gg 1 can be caleulated and displayed.

O sing : s ‘: These indices may be alarmed when

- they are useful guides.

Transduced ' Slide Simpler forms of computers for

preumatic  Units wires  Units plant control stop at the alarm that

: signals the operator of off-normal

0 24 e '

-9 9 1 E 2: conditions. The next step would use

10.29. b 5 g 5 the alarm pulse to start corrective

30-49 7 10-19 0 action in the energy system being
20-39 2

monitored. This step involyes a sharp
tise 1n computer cost because of the

7—Digital inputs
Per generating unit

great expansion in hardware needed
to implement such a system.
Pre-engineered or standardized

Taotal Alarm computer systems and programs are
inputs Usits  contacts units PTactical because of less system en-
029 % —  Blneering, greater n:lmliuhly,' reduced
50. o9 9 : b 16 lﬁ?d tum: EI:H:I _mstal}atmn.llme. -Hul
100-299 7 25: f; ;’ this saving in investment is realized
300-499 4 50- 74 y 2t the cost of less flexibility in chaos-
Over 500 8 75. 99 g ing number of points, Lype of sensors

100-499 6 and functions to be fulfilled,

Over 500 8 Sequence monitoring by com-

Eantrol puters becomes critically important

Topkts Umits during plant startup and shutdown

| - operations. Here again the computer
--ﬂ_ 32  may jl’!_sl alarm when an imprup&r
1-99 & step is taken by the operator, or take

100-199 action itself to correct the deviation
Over 200 wunder a fully automatic system.
= N For either arrangement the com-
Pis/sec  Units  puter must be completely propramed
T 1w4% & |0 ossure safe operating procedures.
so0.909 5  Three phases make up sequence mon.
Orer 1000 6 toring: (1) identifying the next slep

or moting an operation omilted by

e e

L
l, i | : F el

|| s

| Il,'-s £
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Time, millisectnds

~intouts (2) checking turbine accel-
.11.3:'=r'= and generator loading to
guide the operator in correcting devi-
ations from program (3) monitoring
manual operations and alarming any
|4.|::,--!F}l"1'&['!t'_ul.

Computer programing to per-
form startup and shutdown sequence
monitoring may need about 4000 in-
structions. But for automatic se-
quence control, as many as 20,000 in-
structions are needed. Details of oper-
ating procedures, unit characteristics
and plant instrumentation must hH
thoroughly known. Each plant 1s
unique, and little work done on other
plants can be applied. Only the over-
all principles of programing appear
useful as general guides.

Performance calenlations use-
ful to a plant operator include: boil-
er efficiency. turbine efficiency, feed-
water heater performance, condenser
performance, overall cycle heat rate.
Whenever any of these performance
indices deviate. the pperator may n-
vestigate the cause. The analog or
digital computer may be programed
to perform these caleulations at stated
intervals or on demand.

To achieve acceptable accuracy n
performance calculations. instrument
accuracy, location and calibrabon
must be of a high order. Any devia:
tion in accuracy correspondingly de-
grades the accuracy of the answer
and may raise concern about main
equipment performance unnecessari-
ly. Flow stratification in pipelines and
ducts can have important effects on
pressure and temperature transduc-
ers. So these must be placed to

10 2l 50 100 30

¢ for an arithmetic benchmark problem shows
..E ;'Il'::.:["n .E:'I Iiiﬁ"l'f'lt: ]3‘.11'"" "lf

digital computers

minimize any deviatiors fram VET  memory aceess tas Bat there o
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age values over the entire load ranee. ke 28 moch as 3 201 variation i ik
W = T — ol i RS
Sensors should be calibrated after speed 2t which they do 2 evouan o

installation in the plant cycle, to = arithmerio nperations 1 the same A

clude the effect of the entire measar: e of precision. Dverall. problees.
ing circuit. Performance: measure:  solving spesd shonid be rompare
ments should generally be made with o sctimate the relsfive nefulnece o
the emergy cycle in a steady <late  computars.
Transients during load changes do  The number and poser of the op
not stay in pha*-e and =zo woold ;it't grashinne 1n the machine’s :.,-L;_Lr-_'_;!'l}::n
misleading performance resulls complement may not all be ssefal i
Evaluating control compoters 2 given application, These Sealures
is critically outlined by G C Hendriz shoald be eritically batancnd szl
and R W Sonnenfaldt, The Foxboro  the control needs in 1n enerzy proes

Company, in their paper presented essinz systém e gensraig plant

before the 6th National Power In- Benrh»mntk p-mbl;ms ai:;‘;ig
strumentation Symposium of the [SA u-cd to cn‘mﬁe w;pﬂ Le;jc =
at Philadelphia, Pa. on May 15 tivesuitsbility o sobang specie €

1 sy ;,b.m‘r!l
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Memory size. An on-line control
computer canned desl with a real-
time problem snless all instructions
defining the action sre stored and
svsilsbie when pesded. Distribotion
of slorage between high-spesd ran.
dom=-ancess memory ==ctions and low-
ercost lower-speed cvclic access sec-
tions, soch a&s drums and disks
infleence compater speed. Good prac-
e stores an image of the high-speed
working memory in one of the slower
spead backap memories.

In machines with 12. to 15-bit
words more than one memory word
mzy be needed to store an instrue-
Gon or data item. Comparing bench
mark probleme will show the rels-
tive meed of memory zddresses be
tween different computers. Experience
has shown wrgent need for machines
with sxpandable memories. The tend-
ency hae been 1o completely under-
estimate the capscity nesded on first

Reliability of eomputers shoald

E .

o

ings, increased safety and better rec-
ords justified imstallation of the com-
puters. Almost zll computers have
periodic, demand and alarm logging
as well as performance calculations
incorporated. About 11 of the com-
puters provide full startup and shut-
down control.

What's in the fulure? Pas rapid
development of computers may seem
to make a look into the future clouds
at best. But demands of modern and
foture technology assure that de-
velopmen! momentum will Carry on
into the next decade.

Purely mechanical computers have
bezn with us for many years. usually
needing a human brain to direct each
action. First attempls at aulomating
the computing process to speed il up,
and handle more complex and Ereater
quantities of data, used electrome-
chanical relays. Individual actions of
componenls of the computer nesded
milliseconds to complete.

Introduction of the vacuum tube
shrank the physical size of computers
and speeded up their operation 1o
the order of microseconds, 10°% or
millionths of a second. Minimum
memory cycle times were about 10
mictoseconds, transfer Hmes one
micresecond  and switching about
1/3 microzecond.

Today's computers use semicon-
doctor junctions instead of vacuum
tubes for rectification. amplification.
capacitance yariation and now {unnel-
ing as the latest development. Trane-
istor action fcomtrol and amplifica-
Yion) is realized by combining two
Jjunctions and in the laboratory speeds
of the order of nanoseronds, 10°° or
billionths of a second, have hesn
achieved. Intensive investigation now
going on with tunnel diodes show
they have a time constant of les
than 10°%% econd or 0.1 picosecond

Thin flms of ferromagretic mate-
risle, iron, mickel, cobalt and their

alloye, promise a significant speed up

‘”*.i&“ﬁi[l lhr_‘i'ni.'f'll i F Hie §
-.F_ll'*:ri"r'rnt'iullrthﬁ} :f”"“- iy
near absolute zarq
tuture computers, )

stants are on the order of
seconds and thermal tim
about 1 nanosecond.

With highspeed
run into an iﬂiquﬁlir}g restrietion_
the speed of light. The well knoy
186.000 miles Per second is equal t[
11.8 inch per nanosecond. Tn com.
puters the speed of information along
the electrical circuits will e aboh!
1/2 10‘23’?. of this speed. This Means
that ru:r:urt lengths will be = vital
f:?.cmr in Hmiling compaler apera.
tional speed. The high frequencies in.
\'I:I‘h'[‘d in these compacl  eiregite
raise the need for special design tech.
niques and the need for using dis.
tributed constants instead of the
more familiar lumped constante.

Programing still uses the most
time of any phase of total compuler
operation for problem solving. S,
even if computer time were cut to
zero the saving would not be signifi-
canl in overall time needed. On the
other hand saving in computer time
Is important in control applications

-duse processes can be held more
closely to optimum levels. In fact, in
some missile-guiding applications,
computers prove to be too slow for
successful solutions: the nanpsecond
speeds may be the answer.

For problem eolving applications,
efforts are being made o redoce
preparation fime by automated pro-
graming techniques and belter com-
puler organization.

Nanosecond techniques will prob-
ably be used in serial computers, in
which a series of pulses over one cir-
cuil will transfer all the information
between components. Our present
“megacycle” computers are largely
parallel machines using parallel cir-
cuits to handle simultaneously all the
bits in 8 word, The serial computer
woald be a more compact machine
with significantly less hardware, It's
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afs o
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With more than

\ ineers are
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memory Znd rezister, their stale can
Cryogenic techniques using the as

‘ht_re was 8 Fn Hh”
today's COMPUET e and
the solution of €%

expested this design would be more
relisble, have lower power consump-
tion and adapt more easily to controls.
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GEQORGIA POWER COMPANY'S MeDonongh plant uses digit
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(1) Existing boiler .',‘.n:;]-::;L ::?TI”“‘
resse with SIEG nl TR lzpn
adjustment 0l resel. rale I
tional bund  settings of
.."vl-ti"l]llnlp C

continyy
.'lllu‘. I"“'!'HI

vonvenlionyl
ontrol svstems may be neces
sary o abtain stable contral r-_unini.;u-.
(2) Cracking of tirbine melnls, In'll
ure i lllli]t'l Hl*h‘- -iil1l| |1|;li!.'l'lt"||‘|; *fj
problems can oflten be attributed "In
wide and frequent variations

in S1eam
Pressires :”"i

| temperatures, both of
which can be held within narriwe
it under computer vigilance
(3) To maximum. osefuliess
from the  Southern Company's Exrly
lird computer, controlling  disparch
and transmission over the four inter
connecting svstems of which Georgia
Power is one, more aconrate loading
information had been found necessary
from each of the svstem's thermal and
hydro generating plants.

The resnlting analvsis of boiler-tur

r i

ohlain

Analysis of plant operation precedes choice of com puter

" T Today’s engineors are Anding greuter justification for
ol . wq votapiter systems.  Multiprogramming, long
= swh ce anuml, is now established and available in
o ey computers. Thus, an onlive system can handle
B provesing ar pet calcolations during pauses

_ betveen s vealiloe contral avtivitcs.
o SNE dmpariant, users are gaining in knowledge and
. sepnastication in their choive of equipment. No longer
Pl Go ﬂgﬂll computer hardware manunfac.
ysten design, @ user finds it easior to apply
soatral & Bolqu to the requirements of his
. | Et:l'j.'m mill or hukery, sugar
ng the decision to streamline plant
" compuater control s & searching
elf. Many of the early failures
sputercontrolled plants were due
mental requirement. One approuch,
o model” of the individual plant
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Instraments, sensors and transducers. Many pioneer efforts
were unsucvessful because of the accumulation of errors
as anstrument readings wore converted to digital form for
processing by the compputer and later reconverted to
analog input to poeumatic or eleetrie actuators, Account
of MeDonough plant above empliasizes the impartance of
recognizing sensor and instriment limitations bejore con-
sidering a computer program.

From duts obtained during this preliminary plant analy-
ais, the pnlrutiul User can E]lt‘t‘ih‘ the tasks which a con-
tral.computer installation must be able to perform, Such
criteria os cost, relinbility, ease of programming. and life
expoctaney mast all be takon into sccount. So mgst “main-
tatoability™ 100 often, in the past, dingnosis and location
of a fault have lengthened cotoputer down time to an
unnecessary and uneconomio degree.

E.l.l"lfﬂﬁ"f-.ﬂ result of neglecting thess criteria was ex.
perionved by Southern California Edison at its Hunting-
ton Beach power plant, which, like Lovisiana Power §
Light Co’s Little Gypsy, was one of the first units designed
for owline vomputer control, Plagued by such funda.
moental problems as inaccurate sonsors and recording in.
steuments, poor veliahility of computer companents, awl
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(2} Accuracy of critical measuring and ac

vices (pressure, temperature

no less than

Simulation testing must be carry .
programn debugging

ufacturer's works:

mentation should also be .:.-mph"lf: be

(4} Control programs must he flexible ani
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