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Man — ci1~~1 to 1 Machine flcnver~ at1onal Systen” ~pEratinq

~n E?e~~ T~ y’e

by

Jac~~c Lwolinsic i ~n U ~ t on i s1aw hikolajc,zyk

Li~ tai 1-~r ocesbj n r~ Lenter of ~iEM

Li D C 6c~1.3.06: 621. 311.1—52

in 1971 , after the CDC 1700 mach ine was installed , the Lork

started at thE State Power Distribution with cooperation with the Electric

Power Institute on the creation üf an-line system , which wcu ld become the

base for t he e u t om ot i i  cower co n t ro 1 .

~t the present t i m e  th is sv5ter~ co ’lects , croc~ sses , verifies ar-i d

di~~n~~~~s cr- i— 1lne ~h- inforrr~ tic n on the pou’er networs~ status.. The goal is

th~ r n — l i n e  r ow er  n E t hj r r k  ccrntr c~ .

~~nerd] ~~st~m uEscription

1h~ cJ r— lin e ~~ ster~ ct.nsists of severa] prc~ r€m s with ciff~ rent

~pp1~ c~~.iwn~ . lht oasic ~~~~~ ccnsists of I/C service programs for the

anclog ~no oi~ i ta1 te1em~ try oata. The incoming data ar~ averag ed in 20

seconos c~ c1e anc undergo the initial verification . FO11OWIn D that , they

unoergo the more octeiled analysis , are scaled , aI,O written out fri the j
appropriate m cir ory  area. Such prepared data c~n now Li~ usec b~i all other

crograms provthinq th~ information tc the power network dispatchers.

i~ separBt~2 arcur cf p r o r r - m s  In th~ on— ’ine system ,con s ls t s of pro—

ar~~”~ aflow1r ,~ ~~~ r 1 19pn 1~cher ~ ~ir~ct d i a l o ~ w i ’h  the  m a c h i n e ,  th e i r

ro le  I s  ‘ r rirovlOe the 1riform~ tlon about the current status of’ the power

- - - ~~~~~~
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n~ t~.ork. ~n the r~ mainuer cit Lhis paper these prc~ rams w ill be referred tw as

the ois tcfl~ r— ri~~chine t.wnv~ r~~ t i o n a l  sy s t e m , or short — th ; converEa—

Liunci l system .

Th~ ccn v~ rs~ tjonal s y st ~~i satisfies the foul ow ir ; ncuirements :

— currently infor n s the c:ispatcher about th- Etatus cf th~ power

ne twork C line loac1n~~, vcltac2e , frequency , conclitian of ccnri t~cticins ,

etc. ),

— ~u ‘~ii~~e ~hn i n f o r r n~ t i c n  rn  r emu e~~~.

Th ci Yr~ t t~~ .k 
~s p e i f o r r n e c i  Ly ~ri atfometic disp 1 ay of messages

abrut a~ ’ ~~ r -n i’~~’~rea c’h Rri~~.~~ ~n th~ ‘ o i ~r r  n i 3 t b r r k  s t a t u s  ( espec ially

about e~~oee:~~n: ~~~ l i m i t  ~f the rrc.asurec valu es or the status chances

cf ~~‘~~: swit .chln~ ~~ -~ ratus). ~lso th~ messages conrirm ing the completion

of tr~. instructions issuec t~ t.h~ dispatcher to the power plant .

ln~ secunu tds~ ot Lfl~ ucn~
,
~.i saticnal bystem i~ perfcrrne~ by pro—

v .jujn.~ cm rL 4uc~st trt intcurrat jun ai.out t~ wOrk of each ~ow er p lant ,

st~ tuE~ Ut t r i  E w i t c t i i rl~ e~~~t e m  11 the s~ l a~cteci sites , loatlnL of 1j ~~~ g ,

t r a n s f o r r i ~~rs , Ltc. This inform~ tiun can b e p x a s e n t e a , tep~ ndinq on

th e ulspa ’chex r~ ciuir rie n t s , in the form o~ t ab l es , ~r~ phs , station

dic ian s c i i  r~~ cii t~~. ThC ~i~~patcher , u’~~jrq the crnv~ r sati m e l  systerr ,

c~ ’ rcinttc ’ ~~~~~~ cn—~~ ne s V 5 t r r r , ep. er it r r  t h~- t~ m e corrections , con—

~~~~~~ t h~~ f n i~~~~~~on ~~rut tci ~h~’ c~ r ’ ut~ r f : o r r  various rrmasurcment

~~
-
~~rit~~ ~r’ ~~~ OL~~r nc # wrrk .

T fr ’ r r v  r~ ~~~~~~ s y st e m  cc ~ ist s  of ~ev -r a l  interactir~ p r o g r am s .

fh .  Or flrra 1 sv s t~ c1~~~rar  is  sholAi n in  F i g  I

u~~te come

he Conv~ I~~~LiO (~~l systee uses const~ nt anr .i varia u l e data.

Thp constant data set conSlFts of’ Information t~escr1 binci the In—

-
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di v 1d u~~’ e~~ men t s  c f  trw~ p oL er  n r - t w o r~ s t at i o n s , l 1 n ~~s , tr ~~r i s fo i r rs ) ,

and ~~~ t h ~- r- - r ~ ir . t er s  cif t h e se  n n t ~ en~ the rr~ x i~~um a ’l ow~ u 1~ va l ues .

Tne c.)rlstant aata set is loan ed into the computer memory ana is changed

e l~ h ri h~ nc !~~[rk ~ 1~~m~ n t :  cn:~n~ e. Thc constcint data set includes

al~ o ~~~ ~~r~ nt~~Lers u scribing tne instxumenL~ tjcin.

Ifl~ ~~~i~ o3a ciata set consists of information abcut the concitlon

of ~~C~~~~ i network , 5ULr1 a~s: meesurcrnent of ceneratec pow~ i b y U i&  I i i —

U4 viuual olcc. anu j~c~ er ~‘an ts , flc.~ in th~ lines , lc~ oing of ~~ trans-

form ers , inr crma ticn about the cui-rent status of ~taticri s ( cc.sitlcn :f

switches ) etc. The varieble data ~re sen t f~ cm th~ ind1vid u~
1 measur~ nq

c-o~ nts cvc)ica ’k to t h e  romputer , ueino thn tr em &try l~~ri~ e .

The Formating Frorr2-ne rT~ n~ 2 enc i ~ I V D E M

~~~
- n ~ i~ r~n of the di~ atcher inrtructirns tci the computer

u c s  the :T ~ JM2 eric ~ T ‘DE~ --ro:rams . The M1 V. D~ P~ r r o q r a m  a l l o w s  the

i n f o i  r~ tinri a r c L ~ t h L  r ower  n~at er rv tci ti~ pi esent~u in th~ form of

~~~~~~~ st .tiu uj~~
j
~~:s or ccii - t~~in tuLilCzi on the ;raphic. monui .ors.

nt.  f~1Mj~~ ~~~~~~~ allows to octain a ricre cetai1e~ information

CI : v c ~~L ~OU5 j.. t~~ ip hci ci ueviceS ( Ironitols , pI intt~rs). Both pro ;rams are

c~ ll eo L , th~ o~ erctjn , s~’stem aft~ r the ~1spatcher issues the recu€~st ,

th~ xec~~ st consisti of fcur~ char act~ r t ex t , which is the mnemonic of the

sel ctec sub—ciocjam , anti cErtain numerical V r1UEE.

~hr F~~ DM2 r r cnr ar r  d o n e  t h e  fo 11 c i w l n g :

— rrcr rJn~~ze th ~ 1n~ truct Ior rnEmon~ cs,

— dtccdE~ the ~aim r l c;~ ~~~~~~ ~‘n

— ~n I t i . t ~~ t ’~’ ~ r :rc r~~’t r ~ sub r r n r a c r .

The instructions executeO ~y PI~~W~ ci~n cause the changes of the

wntirr~ on—lin ~) y b t L n  wcii~~, contiel th~ teleme try dci t3 c c l i t .~~tion and

~ L c i u i .~ t rn~. in t~~zm a t iun ~~~o ut th t  powe r network . For examp le , ~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~-: — 
~
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causes the blocking out of the t L l , r nn try Ini ut f icrr t h .~ n n ~~~’u r r~ en t  r~~in t s

f m —  r tr a. The b ’ ’r ~~1ri o o~~n ~~c i’-’de ~f’ the i n e t r u T i n t  ~e n~~’func’1on—

i ’ ’ ~. f t n r  ~~~~~~ ~~~~~ n~~’i o i  c r r ’ j l r ’ , ~hp t r l p +~ I n : u t  c~ n b. un—

r r k j  ~~n

/f’~ L ,~~,q

~h .-. ~ n ‘ ‘~~c~~I cr i

/LljT ,p ,q, l

~~~~~~ r~~ listing ~o o. piin L ~~ti t.n tb . ~~~ri~jni ral ut.viL~ I , ci t  Lh ~

ne UrLu ,.~nt ,~Lints tium p to q cilvjdt.O into the blocked ones by the dis—

.,dtcrIer ~~~ ~~~ o~ nc~ eci cnt.s. Th~ list cesn ’t lneluoe tr i m easur~ nq

po1nt~ tt~~t L•u I~ . ccrrectly . Th is in stiuct icn allow s for t h L ~ cLnt rcl

af thr r~~esurint . syst ~ rr opezatirn .

1 thn~r c1spe ch~~r Instruc ’1~~ns cou~~ for c Y  r T c l e , be 1t - w  coirection

of i c~~rre r ’ ! . r p , 1f 
~t ~~ rr~~nciet by ‘b ~ wrrr~~ntp rv rralfun ct~~cr’

of tt~ - rn- 1 ir l p ~ v ’~t er ’  , or ch m n q e  In t h i  ~~~ T F i ~
- n L I’S UBSCI Ib inc th~ In—

d1v~~ ip 1 ‘- 
~~~‘in cirl nts ‘ for exar~ le bEc~ u~ e Ct tN chenqe in th~

a ’1 cL~ ’ri 1 r : ~~r~~~~ ) .  The :1’ ~ifcher tan 4ss ue t h ~ in truc~.jc n to l i st tr ~

r .~ .o i  ts :~~f lJ~ . c t t ~~~n~ the - -
~~ 1 c’we~ ~i l u ~-s , curri t~~tionc , ciisoonnectlcns

o~ 1rjtunetjLns of th~ ~~~urjnç~ Sy~~t € ~i; . ( t h e x  i n s t i u c t i o n s  a 11 0w

t~ p x m n L ~ .iI eu~ Lt , OrtS anu t1.~ol~ s aoout th~ wur- of h~ ~L~~er networK .

i t i~~ moou l~~r i~~~i c ~ i SLLuCture ~ ives it a fle ’-l~ Il1~~y al ~ct . in 1 for

~.~lGt iv~ ly ~~s, aooiticn ~f th~ n w  instruct-ion or ch~ n~~e of the existing

one~ . Anoivicual inetiuctiona are executcU by the- Pi~ DP’2 subprL :crarr s , or ,

In the case of’ more comp lex teak , thE PI~ O~2 ca ’~~s th e separ~ te proqi-am

tr~ n~ frrrinr4 the 1 ist cf necessary perairetera.

ThE P I VD!M rroqr~-~ri serves t’ provide t~-e cil coatcher the ‘ rf c rn~~rIo n

abriu t h E  ~~y st ~~m work In the oraphic form . Th e t r o a r a rr  can be ca 1l e d

‘ 1  
_ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
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onl~ from tht. ~~ ciprilc monitor. Its task is to prepare tb- . list of

p a i d m c i t~~r s fc~ the pru~~ram oisp~~ayinçj the aiai~rams of power p lan ts,

n etworks , t abu lat ec i  Ua t a  on the work  cit the  power n e t w o r k  C p rc q ram

F I C T U R  ) ,  or f o r  th e -  CUR V~ T program , displa ylnq the time—variab l e

q 1’ ~ ph s.

Th e ~1s p a t c b t r  ~‘ft r r  l s su 1nr ~ the E r i r r O n r i a t r ~ly  coded i n s t r u c t i o n

1~ -~L~~e t o  c t i ~ - I n  on th~ ~e 1p c ted  ~er~~ph E rF- ’ d ev i c

a p 1 nt  g owino the mee-ureC ve iue , cc .  r o w E r , a t  t r ~ s - l e ct e ~

ro~ r~ cr t h ~ 
)
~~5t t curs  ( r o i j n t ~ nc f r e t  t he  c u r r e n t  f l o u r ) ,

b) st~~t 1Dn L1~~c ar , ri• t e n i k cieqi n , tabul ate-a ci~- t a .

~~~~~~~ i~ ~L J s s i c i u l i t y  ot u i s ,~lE~~ing  tr~ p i c t u r e s  w i t h  th e -  O~ ta

ciesci i ui n~ t r t .  pas t  b e r i av io r  of t he  p ow er  n e t w o r k ;  t hu  r r a x l m u r  r e t r o —

s~.-eLt1Ln t~~r e  is LOCiL t  l~ u minutas.

L~~U~UL eroqrarr

Th ~ inc omin ;  t e l e m n t r y  d~ ta  a re  d i v i c e d  in t o  t h r ee  qr cu ~Js :

— Information cLout tb  s tat e  of f a c i l i t i e s

— ~nfn r rr ~~t i r n  about $ h f  flcw and loadina

— I n f c r n a ’~l c n  about  n~~’f un c  ions  cf mea~~ur e r n en t  ~y s t r r n .

‘h~ fourth ~roun crn~~ist s ~f t r l ~ .crr r m an d s .

~Jsinq the inforrr -~”ion from t h i~ f i r s t  orouc In every measurement

cyc 1 , th~ r ~r~~nt status is ccmparud wi th the previous one. If the

Ch~~fl Ce lu t t .  toO , a n o r  t I s  sent  to the o l spa t c r i t .r , cone -I s t i n : ;  of

thL t o J J ~~ i~ in, e l L I l L 1~ t 5

— C u L I e f l~~ Li fl ’~~~

- nam e t.f tr i. facility in which tb cban ,e

— name of th~ LuV 1C C ano its now state.

For e x a mp l e , the r eport  rray l ook  as

_ _ _ _ _  

~~~~~~~~~~~~~~~ ~~
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~1rn i 1 ar l v, each r r a a s u r r r n e n t  cyc ’e th e  i n f o r m a t i o n  f r cr r  the second

rlrruo ~s ana” .zed le, measurement s o f f 1 ows and i oa~ inc . They are corn—

cared w i t h  t r i -  o ’’ cwed ve 1 ues , and in  t h e  case of exceeding them , an

a :~r or r ~~a te  mcssaoe is sent to th e  ~ 1s b E t c n e r .  A l s o , if  t h e r e  Is r e t u r n

to tC:~ n orm a l s i t u a t i o n  th~ a p r o p r i a t a  message is sent to th~ .~i sp at c f l e r ,

COntii1flin~ t he  t e - l l ouilncj inform a tions :

— c u r r e n t  time ,

— taoili t~ nam e ,

— r~ asorn for the m~ssat~e- — exceecinç the a l l owet v a l u e  or r e t u r n  to

th~~ norn al sta te,

— measured ~u e n t i t y ,

— e~~~owet v a l u e .

nor e x a mp l e , trt qe may have the following form:

1 ~ :2?  — ~~ ‘r ~~ny  — T~ h .~F FTP 2 .22 1 /1 1 kI/ ‘~~~ 1\ !E °LC ~fl~~r~G * * * 1] 6 NJ A / 10 0

T~~ -~ f~~~ j r U  o ’-rur con c i s t s  of i n ~~o r n ’- t i o n  and r ep o r t s  on c r a l f u n c t i o n

or correct function 0 F mr- i s u r i n n  in s t r um e n t s .  Tt cy a rc  n e ce s sa r y ,  s ince

tf l L  n c n r ~~~ur~ LG O f E c .- in  measurcment , or worse , ~i rone cus m e a su r em e n t s ,

coulu uis to;t tb.. picLur~ cit the p ower n et w ork  f u n c t ion . For ex a m p l e ,

tnt. n essa~~.s concerning -the operation cf m~ a~ urin y appara tus may loo k

as

— LUJZ — SUfr O1~ MeMI -hj -~ FLM1~T5 1’!MLFUNCTI1J1~J

19:3b — ZoOZ — SUI’~ Oi~ HEMT PWP PLMI’JTS ~~~‘ CO~ RECT ~E~ SUR~?’~ NT

Th~ f
~ort h group consists of telpiristructioris . Fart of the trans—

tritted lnstruc tlcr’s from d1~-oet cher  tc the power plan t qoes through the

djgj *al t&econ~ard device (‘4). Its role i~ to simplify and Increase the

~~~~~~~~~~~~~~~ ~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~ 
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di cr :~trbcr e~ fect1ve n’ss. ve’rv to lelnts tru ctian sen t i s  r ecor deO In

th t~ com~ u ’~~r an~ re nfirn -Ed In tb’ form if tb rr~ ssaqe c t l s p l a y e a  to tri o

c1~~-.~ tch~~r .  Thu ee-~~saqe consis ts  of the  f t l l o w i n . u l e r rents :

— cuiit.nt iie ,

— n am e cit  Li .. e u w L ’r ~lan t L~~ whicn the in st ~ u c t i cn  was sen t ,

— t.~x t  in s t l u L t i o n .

r u ~ ex am p l e , i t  n~~y h a v e  t h d  t o r m :

17 �u — TELE1NS TiUCT JCN IL THE Jy CH I J IJJ p~je i-L~~NT — STA~ T THE GEr~1I’~~Tr RS

17 :22  — T E L E I N S T ~ L~~T ICrJ  ~~ T~~ T L’~~r W  F ,  FL~ N T — ~~~ ULL~~
T t R. 1~LLt 55 ‘4

T hF messaces arr autcma 4i c a l
~~y dIsp i e~~’d en the m onitor , printed

arid stared ~n t h ~ disk. Th~ na~ saees on tr~~’ rncn~~tor  a l 1 ow f o r  I n c l ir e ct

s ur v ey  ~~F t h r  cu r r e n t  net r rk st at u s , t he  r r 4 n t~~C n- ages a Ji ow for tn~

ana l v c l s of n e ty ~~rk j o r -~ at  an~ ~~~~~~ ~n a d d i t i o n , ‘~h~ c i c ~p a t c h e r  is

ah1 n c r~ oL~~nt that t b~ chosFn i~~ 55u~~~~5 t~ u~ cpleyea or p r i n t e a .

~u-~ ;~ T ~ r o i  au

th~ o e s c i iu eu  c cn v t . r s at i un a )  s y s t e -n  a ] J c w s  the  a i s pa t c h er  to m o n i t o r

the ~~~ at an~ chosen facilit y in the  form ot graph on the ~r~ ph ic

m o n i t o r .  lh .. ~r ap b can in c lu o e  th e  tir e intorva] from 3 to ~~~~ hcur~

pr i or  to t h e  u i s p l a y  t i n e .

In oii~ir to obtain tb~- reciutred curve th~ a i s p a t c h E r d yes t h i -  number

~f chosen facility anu t hu  n u mb e r  of hour s  to be spanned  by a gr ap h .

In that manner coc can , for exam p l e , anelvz ’ the ‘p a rj l n c  cf e l ec t r i c a l

block cur c nt lre rl pnt , 1
~~n~ lo~ clino, l oaoi nn c-f the pu rrp inq p lant ,

• - w&’er ~ eV P~~ .

r r  arap 1c r e s -n t ~~t i cn  of the faci lities work Is pe-rforned by the

CIJ PI JAT urc .~rar . Y h ~ ciata base far the program consists of’ the  measure—

• r r en t ~ co]lec teu ano averayeu In ) .  minutes intervals. The p lo t consists

or tri~ broken line ounn~ ctx r~ th~ points representing the measuterrent

~~ ~ 
______________________________ ______________________________ ______________________

-4- - ~~— — ‘ ‘~~~~~~~~~
- 

~~~
- — —  •

~ - ~~~~~ ~~~~ 4 .  4

$ 

- 

4’~t ,  ‘



— 
~~~~

v a l u ~-~~. ~ach o’a~ r~ :~-~ r,r1tr ’ c hi th e - la~~r 1  ccrita1n1nc ~: facilit y

r:~.rp , Cu! r~~n r  T E a su r e r l  n t  va 1 u~ , col Fu n t  t i n e - .  l O t  h on ~c n te ]  a xi s  —

o r — ~~~ ace - ]  ~~ a~ car ~~~r ii ~ t~ Leo i ~ q uc~~ t c i u  n ull e - o r  of flours , efl o the

t ic1 tj ~~el a xi s  ac.corui~~~ e o L n ~ ier i~j~ of r r e a ~~u r o O  valuss.

In Lh~ c~ ee cit  t e t u p i a r  y Li  edK s  in the  n e - a E u r o m e n t~~, t h e  g r ap h

c un t t . in s  ç~eips or s in ç u l ~~r v a l u e s  o n l y ,  if t he r e  Is a suspicion that the-

measure-ur unt is in error , the  ou e st i on  m ark  appea r s  n e x t  tc i t .

Summary

Tbe desc rib ed  di~-ratrh~ r—ccn t:uti- r conv~ r sat ~ c-nd syct er r. Is the part

~f 4’bp rin— l i n i svsterr op e r e t i n o  fo r  t h ~ ~~a te  ~‘ owar  D I sp a t c h .  The con—

“ rn :~t l r n a ’ c t ~~~t r r , c r rn t ~~n u a l ’~ l r r r c ,ver ~. , ~s s ir p l e  In  exp 1 u I t ~~t i t n , easy

tr’ ~~~~~ :n • ;““c 1~- v ~ o
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