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intsgmted paver c-str , on the concept of coos (i.e. 
Sntsgntod) bnais, Vitt a '73.ew to renitfdng the VtL% cur) 
" 	fits iflbtrsnt in muh oporatton, evtabitdment of load 
donfl tebing stt&tions an roqutn& 

'Por as tlafnotoi7 operation of to in.thr'.eoneetod 
t7ataflb, the t o varinboa n.neZy toad and frequcifl h%vo tO 
be rogu atat. The gcnenx,r of the prl a r 	playa on 
SrpOVtant part in the contiol of cystoi f!eçponcy rod load. 
Ptrther porsr t a* an ntS*-co a ted for pu.tpoco  
eConO ! interabango and reduction rosette aapncitr.. Tic lineo 
load bits eoutrot is very usoful (in r t4ation*of froquoney) 
for coordixsboa operation of povOr cyst s, as It prsridaa 
a couvoMont dams for ctfferon.tiating to roeponcibilitq 
for the crstmr load changes. urth*r in tntertonnocted 
qvstein the imrrcttal cost of rediv*d power abould be 
a * rrow sit souicr.a for optima °crnnsy. Im3saQait 1 
Slide ran, pena1#r factor ccswu ers etc• are used for 
nehaduling of getnttion for op thnu acc.+u y. Computer 



controlloro are boat suited for controlling olmultanvou&. + 
vv a' s 	st j trii •  I A• 	a 	s 	i rr . i ♦ 	r r , 	p 	r 	i 

allocation of gtseration. 

CannunlcatUm facilities generally required for power 
wGt s operation earpriea telenhorV* telemotefing1  totes 

signalling, re iota control and teleprinting. 'Old supply 
utilities in India have relied largely on P.L.C.C. tboi itiee 
for the above puTpoeea. The 4ospatehing st.3tions thoU be 
located such that P.L.00C. faaititioss are available to all 
parts of the notwa*. It is also desirable to utilise P & 2 
rosin ,®c ftü17 ftjoMvith P.L.C..Cr for obtaining 1 i 
3vlioblo ccrnunioat ono  

The intogratod operation of the tutho *ogionut grid 
has helped to tide over a rm nbor of eorgenaie3 thus 
improving the roltabilily of power arat=v in it significant 
de er. The inut tM Qapoet yr of to region by the end 
of V Plan viii be of otter of 8973 Cv ocaprlatne 6121 My 
Dy ro and 2852 14w mattel, Ttenenoi=e load gzwth Is also 
anU9.oipated In the Teflon. it is nooeesaz r to aetibli•h 
r bor of int r-state lines of adequate cepactir for 
operation of the region on integrated basin. More eeobamioal 
and toochnioel beneftc will acs ao to to region by adopting  
ozphieUe tod methodn of load d.cpateh toohniquesr 
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Grid development on the basic of the entail area or 
Staten alone in not enough. Tt to now well rocogniond an 
over the vodd that power development in isolation to not 
pocuiible. Contiguouo power WOtems have got to be into2'-
connectod and regionEdce lntagnt on has to be attempted in 
ovary country for reatioina to various technical end 
ocononic advantages ithorcnt In such cpontion. Zntor- 
con tion of powor gvotatiu  provfdo a w2y to d nro goncrzttion 
rosor os and thereby avail aub ntontiat savings in both 
capital coat and rwmind coot. Thus the concept of paver 
pooh. to introduced for joint operation of independent utiZilbs 
au that the effective renown of each one increases. 

Power pools not only po,rn.t Lbaring of generation 
rooervoo but alto oncoureges inter-change of econoe' onorao 
The original concept considered such intor.chango was only 
during off peak por!•ode. But now the time zone efroot tieb 
given non-coincident 'ctixi and pool peaks in being none 
consideration. 

0 



2 
1.2 	The thvantogoo of intograted oporatton of potmr 
tgatema (between atatoa) are loin thctafod. cepucit', bigger 
=It utzo additions, reduced cpixmind rocxvo roquirwento, 
ninSntn gçnoration coat and additional oporatd.,ng bonofita. 
Apart fray itoao advantogoa obtained by interconnection 
and integrated oporation,, the power cuz,pXy  ro1iabi ty 
and qualiW are improved tttieb have greater effort on 
induotrial grout and. Itttafl living. 

1.3 	United l:incdc n and Frame provide excellent exoq lov 
of co ptotely integrated power avotixto. thilo those 
countries aro comparatively mall,,, U. 13.3. U, is the largest 
country in !ho vor!td vtoro systematic efforts are being 
made to develop ono fntoitonnoctad wjntarn for the entire 
country. In llxopo many of the countr3.ou are now inter. 
connected.. The most otriking examples of 000ntinated 
operation of povor system transcending national. frontiers 
are rho pools of U.C.P.T.E.# :3.U.i3.G.L., etc. in tuxpe. 
The ILC.P.T.L., in particular covers ei¢et countries of 
Woatorn Europe and various pools are intern connected to 
tors the Vast European power pool. 

1.)r 	The concept of integrated operation of contiptaus 
povor z7atosio in now fu7.l,y rocogniood in India and 
E5►atersatic efforts are being undo to unify the power 
r otona on a rogtonot basic. The cubjeot of planning and 
oetthflthr2ont of rogional grids van diccuosed in to 
as inara arranged by C.D.I. and P. PollowlM to roco aond- 
attono at those Seminars a high laurel 	ittoo co rising 
The roproaontotivioc of the 0.12. & P.C., Piarming Co iosfon 
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cud Otato floctricity Boards etc., was appointed to exonins 

recommendations the count ry was divided Into the fottowi yy 
fivo regions. 

• f i 	< 	• çirji L 1• acw 	___iG ir raY Y 	a-f J 1 

a! 	7 	Li - S 	I 	ya 	a i L. 

'as L s r 	s ° s 	• a 1 w• 	. t?fl c,i..  

W •a a t 	s • sa T 	 ?fl wiviIw2Z,' r 	r s tar 

• 1• ♦ i 	a 	+r 	s 	is D=an c a 

Southern llegion s 	Ant2bra Pnv4oth, Tmll RQdug to atalca, 
Kerala and Union territory, of Pondcho39. 

Eastom Rogion a 	¶Jost Dox aL, Bihar, Orflcao and 
Dctoc1nr Vcfoy Corporation 

Itrth Eastern 	A as=, Mtnipur, xipura, ttgalond, 
Rogton 	$ 

Heg~ iataya wd the Thion. territories 
of Anm an'ba. PradoSi end RLzox . 

Figure 1.1 chows the fomotion of regions In to 
country.' 

ibt' deriving the inatia benefit of integrated 
operation of power woteno, the generation. and tn.ntnjcsion 
facilities tithin each region being pined as a region 

as a fie. Thus it voudd be clear that a sge would 
be reached %bas the conotttuont power 15rsteo in the region 
vii be interconnected with strong and free flaying tie 
linos to operate to region on one cyst basic ES.o.Reg sat 
grid). 
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16 Vhe more and noro potnr station cro co mectod 
together it bocaceoo difficult to control the various 
operations of to intorcotmoeted notao*. To 0701t000 

to difflculizy of oporat n ouch a notes s on a 
coontinatod basis outcbflthttoflt of a central control 
a: +• : 	JT4tjfl! • 	[•n a s cs s s}.1 ,. _tT!3 s a 

station Is caU].od "Load Dovpatcbin &t tion"r: 

Tho tochniquo of cchodulinc, coordinating and 
conitorlM tho oporationc of w intogntod pouor watai'  
on Tho conoopt of coorUnztod (i.e. integrated.) basis, 
vifh a view to. roalioing the various benefits inherent 
in rah operation cay dofinact as "Load Ddcpatcbing% 

	

1.7 	A load dotpatc3 Ong station controlling a State 
pouor grid and that controllIng n ro ion&. paver grid 
arc co2lod state load dospat h- ing stattion (OLDS) and 
lbgionn1„&orpathhtnz station CRUX)) rocpoctivo13r. A 
bed doepa#ching station controlling the tam povor 
grid is called as IStSonal, load dotatching station 
crlO): 

	

1.8 	The main objectives of load 8ocpatchins are as 
follovat 

1) To at dtr load roquiracento on a continuous basis 
fr the stand point of moijnitnde (itt). vroqueneyr end 
voltage. 

porl.od of tiro consistent itth z5roto ccuflty.' 
iii) To limit duration cr4 ortont of repercussions 

   e•ritntia. o ♦  • • .e 	e jn4 ♦ • 	• p; TI  



netiiof vith utnoot apidit r'. 

iv) To collect rccunto o orates recoido. 

Elk -  t R t r .• 'I i 	1-t •• 	a i 	: r 	s 	: 	♦ a 	N77 + t 	•• 	t -  N 	. a 

. 
1• 	R 	• 	 1 	•♦ • 	iy 	 N w a f 	i i piliTtIl 	1i' 4' 	• f i 

f4 ,L•r«/ 	aL 71w 	2: 

L t 	• 	Y. 	1 	a 	a•tl 	I 	?. LjpI• 1 	t*' ! 	s-p 

whim the abovo objccCin+em arV dealt in doiatl Sn 
mabsoquant c1ators4  with g,ocial zttextnce to Kamato to 

i 	rL 	i;kciFi a! .1's aIa'  	r a 



t-~ ' GRIP MAP CAF INDIA 5HGW4NG Fflc+AA7ic7N OF kF„c'~ 



11ttIAP&'lt . 2 

C'YDJ DE3P21T 3 AID COJTITOL 

24 	Achlovament of basic objectives of grotoa deapatab 
an8 control as otated oa .ior involves to follow . 

2. Oporational control.. 

2.2 	Oponttonal. plermings 
2.2.1 The roguiruisit of oporation&. planning twoivon 
sating calculations to decide how to optrat the 1r5ttt in 
tie nest boar, 4q•  Wk or month. The pl+nning  Dart of the 
t stu operation has gradually bacon very Srportnnt duo to 
operation of the wcte, %Ath Jwroaatng nw bor of inter-
connections aM the posssibili tion of tunings Through 
intolt'1ar.1Jaa with the nei bwaring systems. 

The foflowiinc functions come under the puaviow of 
' a; . 	♦ ! ,R r 

f. load. fbrocan $.ng. 
2• 1lni.nta anoo Scheduling. 
3a. Opirming Reserve Dotoxs ination. 
4. Unit participation pngria iac. 
. Evaluation. of tie line flows,' 

6. Fun7. Mae tiono. 
7. fleosrvoir ?bnagalent and 
8. IIydsn Thonial gans'tation coordination. 

2.2.2 Load roroaastings 
toad forecasting io the key part of the oporstional 
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planning eM all other tumations lusted above are based or 
this. The load forecasts are two told. Firstly,. the long 
ten fit! forecast to enable each irate to plan conotn,tlon 
of power atst&anst trans scion flues and grid -stat Iona 
so that power is available to the cannier when. he needs 
it. Gecondly, Uz art team forecasts on the basin at 
rich the system aporator/cbiet load dec ntoher decides 
h w to. meat the load by operating the irate most ocononicftfl$ 
The load forecasts and scheduling of generating plants to 
most the loads on prepared on a nual, wkly and dntly basis. 
The daily odheduies tall be prepared, one day in advance. 
11* forecasts Could be Thnde so accurately as possible with 
reference to load curves of the previous day# to cone spend-
in dsy in the previous isS and year# after mo #ng sattabi# 
allowance for the load growth during the course of the year 
and the latent weather toreeaab.. Due a lovonco thauid also 
be made for special events if 	for the der. Porecasting 
errors ghmad be hold vi. thin a close range so that the 
distribution of lied on n floes granting stations can be 
tone Ui most ecnaeW asaner. 

A soord of all variations f%M the a~icipatodd load 
that occur in practice. should be maintained and the various 
causes for the variations chafl be anaiyved by the Load 
d spatahina office with a few at improving the techniques 
of forecasting in a EDeteatit manner. 

2.2, 3 Maintenance Bchoduling 
VAIntenance schedule involves coordination of planned 



units. IhU doic this two baoio points cat be kept in 
mind. One in to cpataz roltabilit$ and t other Sc the 
production coat. tlmo the cite of turbo-donontar units 
are on the incrcaco (ire U,O.A. gonorat1n onto abo o 
1100 It]' pro atroty in operation and In India the 3arcoat 
genon inrj not rated at 215 t11r is under operation at 
i na Pratzp Fear Atmio Povor Coition), one of the pflnaxy 
object ves during the plwmin end of the naintonzmoo 
cchoduloo to tho cccnocico of to production coat. Thin is 
dons by ooripartnzj the tnoroaccd cola of energy if a tuebino 
or trariuzicsion line can be over hauled quicker by paying 
ov'ortito ungoa to the maintenance personnel with the incroaaad 
encrrr coot duo to the operation of unocorctic units or by ; 
Sort of onozj,► at a higher coot and in ortrcG canon by. 
rocort n3 to load chethflnris Due to the ofltical valuation 
of xnthtcnorco erhodutco, reduced pioduetion cost and 
Izpr vcd 'otm rolin'bilii tnuld 

2.2.I► DpSnninLj rocozm 
Opisminij to cone dotezt1xntion and unit co tment 

mainly come undor abort range planningj for reliable t stem 
oporatic'n, It provtidoa 	uiatin3 capacity ubicb covered 
forced outaz3OS of generating plant and errors in oatUnating 
the load dctando. The quanta of rotonu dopalde upon the 
load level. Foaaonal and dai1.y variations in load, nwbor 
and Are of genorctiiyj unite, forced outage rates of cotes  

char ctotiatioc of the conoratinc plant€, limitations of 
the plant cn t tr cM the desired otardarl of rv1Stbllitz 
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in forgo thtorconnoctod. -L -etems, in U.C.A. np3 

roasrno of order of 6 % of the pot`: dmand is usually 
acintnino& In the central. fleetricitq Ocnart ting Dowd 
of I.R. tho cpinnin rocorvo nn ntainod at a giVan tiro 
is aroviad y", of the pow doand, thereat In to Preach 
c stop tfiich has a atycd tiro-Thhornai character, a npin 
receive of aout tv )io uttally naintalnod. In case of 
\' . a 	- a M 	a~• a ar a 	Jb a aepr 	s tta r• a a~i v 	•~ 	a 

row available fsc atoxage grim plants in conj urn t on 
with tbo thvvaal !veoz o. 

2.2.E Unit participation pogriiaos 
unit participation pztgrzsmno helps the load dowatchar 

•. 	s. 

 

tj;pt .t.FJ 	I.Th4cF s : a • a 	s a•i 	a.• 	y ~q t u s 	•s 

or nnt1,nos deli be connoctod or diztonnoctod ftw the cysts, 
The pro; r o avaluatoo the tote'. production cost by cats •cone 
t n fuel cost. The cost of start-up aM the cost of atutttn 
aotn, if arr fbr various cibinationa of ancchino to r , td co 
to total production coat. The despatcher trnfl havo the 
ovorw-alt Wdt otart up ani (hut down cehodoloc of oil units. 
The fpfloVing points must be considered 

-• eaprsit - to moot the load rcquirancnto 
- unit availab litp 
- oporating costs 
4 &Vatcn constraints 
- contrc bail constraints, 

2.2.6 Waluation of Tie Uric Lawns 
Evaluation of Uc line flows is done ibr hourly 

  j• 	i rti ¼'K4. a i. a s 	-• • • 	a 	.14iiF s:fl t 



to 
a particular tic 11no r+quiro poor evaluation • co tat 

ovor a porlod (ucuz y ono c o th) the toti onor 
ozuhangod - ronaino an near to cobodulo an prattieabto. 
The baur ' archangoc botuce . the two Down  tvratSan art  

Usually rocotiatod by The roepoctivo load dotrnatchdro, 
to nblsico tho production coat of any t ate at %at 

tine of $zport3.n Fovcrt  3notead of bring um.oconcnical 

nachino an bar. It to ucast in can intoraotnoetlon to tcro 

equally the difforonocu in the incremental coat of 
gcnoratlon of the two 175 tam ruling at to bogifing 

of the hour. 
The loth docpa' rior could roquiro VOZT accurate 

iltxMatiat pertaining to the propocod thtnehoflgo of 
potar to cmblo bin to take corxca t ccoxnz4c dcciniono 
and coot The contxeebvtt obligations. Dozy integrated 
operation of .different povar grstcno tie coat ocortic 
condition occurs the i the Smr ncntal wets on either 
aide of the tic point arc ocjudQ 

The 3aglanantation. of now concepts of and to 
technique of computes antic the pioposad intoreonn©ctod 
transactiona to be evaluated vory rapidly end ctcuratoZy. 
This ttuld not be flttttoblO by manual nothoda. 

2.2.7 Selection of fla s 
Solcjction of fuel ban to bo dons for thos potter 

pints thick burn core #b n one 1 o of fuel. Thio uSU 
ttn calculation of total cost uric veind invalvo in 
rMttion the cost for ftzo2 chn npvor. , Purtterf  vehodulins 
of fuel purctacos runs otoruco Marro to bo calculated to 



mthlmtSO the total fuel Cost. 

Thorn calculations involve catplox wstaa data 
evaluation and can be carried out very quta!ly by ucing  

computer. 

2.2.8 P sofVoir tt naga^ant I 
f onvoir moment in tho tchodu ing of Wdro-

rosou:cas utilization over a q ecifted period of time in 
s ch a miner an to nrbmo the over allcyotc ccnoration 

at Thin optintsatton tunt consider The folIou ap 

water noflabiiit 
reservoir constraints 

.» 
 

systemcvrnatraintn 
down stream constraints 
flservofr coordination 

~• river simulation and  

•• !mtt efftcioicy-. 

2.2.9 I trdro TheiSt Conoratton Coordlin ions 
As to no indteatns, means evaluation of various 

cmentdnc conditions fbr optimum wctan opsrattob. This is 
of prixzny ImportCfloe to a niters bav3na both t'hasisi and 
bydm-goneratton. The evaluation onableo the load donpatchor 
to ninbica themal generation, fuel coats, nlninica the 
coot of purchased power and to a certain extent obtain 
►atirrxa hydxo-eenoratlon fl on to avni-lablo vator by proper 

2.3 	Operation Controls 
2.3.1 The operational control coc~prisoo problems that would 
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control of watt). to following functions case undor 
purview of the oporational control 

~' a 	r• • 	:.r V• 	; 	w a- x 	s. 

cub--stations and jenora' 1a3 1)tationc. 

4. fl onr'cs ii patch of Cr and th Ar. 

2.3.2 Load-Fluency Continti 
Load frequency control is tho roglatory function 

of uinutt2ncouaty cM ont catIC01 y cicintaitdn3 the 
frequency and tie line power t nctcr of a particular 
arcs aecozdina to a prodotaminsd oohoduio. This is cccopl- 
i t2tcd by noacuriritj uy stcn flVqucnc tepid (i.e lino paver 
deviations and nodifyirr 'otca generation in Such fa 
fathion as to reduce the deviations. Other functions 
ouch as inadvortcnt thtozvhungo bold , 1ntocrstod 
t1no error, 3mro~rontnt ceoncnic loadinrj ott. can be 
Incorporated to the lath trcquoncy Amettoa. Tho variouo 
nothodo of load frequency control. anti their application 
etc. axe dealt in stscquant shpt m 

2 3.3. t unity Ibt itorinas 

	

.r ' p.. ♦ 	• 	i { 	a r J . . i Lflt 	• 	r c 

wat= ctatuo tjeneration, line flays, vcltarjoo otcj 
to ensure that the cont4nuit' of oor4co is naintatnofl 
and that oqui cot units ono not o=ooded. A otraplo 
cccurlty con,tlarth3 cahcao wuid aware the statue of 

tho eVotw tqulpr=t1: ste ► atato stability cr4 
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protection Units It azb* of t o= Units aro ctppmr chad# 
chtto o vou7 d be Dada ti the ttczi eoifiguraton 'to 
rntXo it o orato Ad t theta .i.lzSts 

• . 	1• 	r a i a• .a . 	P'. t. 	•.w ,a c i i q a a e.• 

• ii i i • 	J i tsipl A'1 	CI ..t• i i 	t R• 	♦ J 	• 	,x 

. 3 	.) fl  	flj1fl) 'i t 	•!' • t1rNp. 	. • 	r~ a 1y' i aY 

t 	r i 	• 	i L1 J i • a 	• 	w •s ai -4 i i 11 -. { 	♦ A 	s 	i 	♦{ i 

r 	t ff4t w • 	..i .t yñais ia+ •r etc* .• 	•si 

♦'! Ii Ii F 	•r r'b iJiCt jK4A F.I T.t. tl a ! a.N '•• . • ti f a • 	s ♦ i 

.i I 	l,a 	.7 	.Y 	tl 

2. 3.& CttmWICLOn of riuttebing stations, ac to cud.. otatio no 
rind t .oto cenorntinc attittono. 

Ttdo to Ms rocponsib234ty of all oporattann in 
mdbchl= stittono,statLcm. s and nroto eantivfed 
genontJn nttt ona. fla uiroo kn,vlodge of 

- eqniynont statuo and twailcbi .ity. 
- s~*ota vatuon ( ., Volta etc.) 
- aporoting psvoao. 

2.3.5 ' `^ ncnic doopatth of !P and flV4fl 
tcozmr,c dccpmtchtng !3 the function of cpocifying  

aM nnintainina to output of ouch station eat uo and 
s~•7ik4aLn&5TgPr a a r, 	r I4 t Ct &aiW .i.w f •.i 

cost is incunad. The out put mbcdu10 of oath comma 
includoci both thr and TVAr. rocon=ia docatah intludco 
con ddoration of zr stq cocuflt con 	toy Qydro- 
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♦ f#a 	aw H 	M 1 ts' I •aM 	• 	• L 	• .s+f • t  

power I' a xat s t • t s • u t 6 	• i 	 t 	• s-s•• _t1/ 

	

s a 	i 	t 

2,4 Opontti. onzl Account ng aM Rcnious 

2.4:1 Data Colioo'tton t it t m piocoua of gateflnG  
Snfoxrstlon to ©atcblirti oporathm obJoc"l&voo wA to 
aOSOao and Cpprn±CO over afl 'QtC3 porfomafo. The 
throo ''pOo of data are 

I . Periodic data 
• 

3. Dvo»t data. 

Por oao data to obtained on a rc. •ar baste,, for 
o 	.o bcady, dal` ► and uo&3y etc. It So roquirod for 
planning t`mn tons vucb as lo@A fo rot aDUng,rocorvo 
cvzslu3tion etc. 

Dr M data La stored upon thttiat on at nor Use 
Ybr Use in plarti't aM rutcnpof'ortt4rla.. o ar,:=Er2ont. 

.v Dr t data Is rclat $ to cct.z . op:rstLots (1.0. 

bzaa`tor positions eta.) and to required for preparing r 
reports no cuotrcor o .ttagoo, zoporto, cquivn nt outngo 
reports„ tault analysts reports eta. 

2J4-.2 AnZaamcnt of t*vta portonumeo red p1&udng: 

This aDtQatflunt imludon ruth itos no 

-appratnal of the operatin3 plan fr= an ocon=la 
and aceufltr point of v .1 



oqui ont outco atooatnant, 
• cysts rotiabilitp andoncurti studies. 

fault studies. 
.- Load forocasttng. 

long range Planning and re flow including the aoaoaznont 
of generation, tranaiasion ad diotritutdon facilities 

and pover Flow otudtoa. 

2.L3 	ehnge Billings to concurred wilt The collection 
of interchange energy► and do aath data, the perfomanco of 
axtthmatSc and logical operrationa on the data, In accordance 
4t the intorchrzgo contracts and agreements and the 
preparation of statements or invoicou. This ptocesa is 

non y carried out monthly. 

2J The Dothodo adopted for load fora-casting and 
scheduling of units#  regulation of frequency and ocononic 
operation of Gouffiorn regional s ►etams a diccuaaod in 
Chi  tor 8. Uegulatton of tie line 'toads and Evaten ' frequency 
play's on imporbnt part in operation of interconnocto& deters: 
The techniques adopted for control load and frequency in 
power ystms &e dealt In the next Chapter. 
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3.1 	The necessity of maintaining frequency stondardu In 

a) Mo ct 	on of tttorttt&tng currant motors sun 
at cpoodo that one dSX c fly relatod to froquanoy. Industriess 
tflo paper visits,, wire dnwdng madlinou etc. require constant 
foquoncy, other vice ?horn products will be odvorceig 
of foc tod. 

2) The Ado tproad use of of ootrie eSoekcs has led 

. seconds at all times. 
3) The operation of power r sUn o  wilt bo 

aM[fot}]or, efficient and bettor contr-Alod if frrowoney 
error In kept within jlnitn.$ 

t) Maintenance of frequency and land in tine 
Limo of iotononnoatod power systems to of pa count 
#rxportama for eat sfaetozy opontions. 

3."2 	-Boehmin of froquoncy control. 
The frequency of a rtrntr is do only related to 

the power balcz o In the t'stam. The generation can 
be controlled by contztfling the primp movers torque.' 
Since the generators warm locked into aynchzonirn v i h 
to ayut©a, the operating of to otemp valves or vator 
gates rocutto in the advam :ont of the rotor ale by 
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a Pats degrees. Duo to 'this, Theta in an inoroaoo in 
dolivorod currant and posaro Tho rrotAtont dccoienU.n 
tnn;tUo countor.ecto the occolerating tor4uo duo to to 
valve opening. Renee with In each generator wo have 
a dolicrato and autca atic torque batoring cicchanit 
It all geaonatoro hervo a perfect tonpie balance, twit 
cpocd and thus froqucicy vtL scam constant. 

In practice r h a talone is not possible oEthg  

fl ip.ft• 1 1. *t 	•i • • 	r1 • 	• s ti a. t e i s 	• a -s a 	• a 

• r 	1 match •• F s t• 	al t 	+~ -• 	•II•• • e. x IWii 

qg-• o f •1 (sp!&Jt.aIbitF• s  	h • 	r • 1• s t 

1 	1 Conoration[ 	!tiL4 u).1zjniIfl itt 1 1 1 -iIi 

♦ rx•p 4.jfl.4g.a w 	• 1 

Ito the variations In frequency exist, but should 
be controlled, Co Vo thould use to frequency variationa 
in the condor portion of The control cotta 000 Job to 
to provide autxaatjc balance with minimum tine lag. 

3.3 	liogawatt 2z equoncy Oontn4 pmbla,. 
The rout Dowdy in a system to btu controfod by 

N~ • x ♦,• 	• 	a 1 gp riixyjThs 	•i• a 	,' tVL .aItt i 

• 1 n • t rs s • 	I,Y 	r• s • • 	1/TtWI ..• 	s 1 s 	r• 

•• • • • -•t '• t 	• 	f• a tj• + nx • ' 	• 	spaFy fiI+ 

y stla 	s sL • 	r1 	• 1 	t s.w 	• a.i. 

3 ti• 	Speed Govominj (-stem 
8 •  s !i • 	 e.wzrjrL kiT4 	 .Ti's 
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controlled valvos. 
• a a • . s. • ti • • 	• 	 • t 	s 	Y 	a 	• s-■ a 	. 1 

a • • 

 

t;cÄp• • ♦ s• a 	. as ae.i • • i 	 I•♦ w w 

	

4gt.iJ€i t14c k Z !mss' ♦ 	te 	TTiqapas.• 	exf as 

r .• •  	- 	s' a 	i• 	• •w• •Y 	Y 	a 1t[? 	t • 	a.• n t 	F 	• 	t 

2ovvoro and Urelm as bot aoan govornor and the volvon. 

volvas that controlled to anorw input to to tuitino and 

Thu zood changer is a dbtoo by moans of tab 
ry s i♦ s Y.~~ •. r.. y t[ ':~ a ..•• YfAaIrW 1?trs,Tcja fl  

€pow'!, or povor output of the t hate in opontion. 

The POT unit steady otato shod rogulation for 

a given cpted changer position is given by 

per unit otoasdy stato raWaation Q 
fora lb = Opted at to loch. 

V a cpc d at rated output 
!lac raged c ooh. 

a 	wTt 1 f iltt+• • • :a  s 	. 	atia g s 	a • s 

output aharactoriotto in chows. in Fig.3.2. Stead' ctato 
rood rogixiaton malt bo capablo of Mijust,ont valuoa 
bot on 2. a to 9 per cent) vit cpccd clangor cot to 
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kt 	a ra.. s lit nx!!s p 	a.i ) 

7~t •.a.♦ 1 • • • Y• ~ x 	r y 

• • • • .•I a..Ix.W1k.14TLKtFS ! i • i .t'ps(ViM.i.Nik  

	

1114 ' • »•[ a 	J 	• a i1• • • { 	a s 	s 	p~ i 	ra 	as ii 

	

••+ • •MI s . 	• 	• 	ra the '• • - a 	•• 	YI f e11 tT F1 	4W s 

y . a c a y a 	• •  i.ii. t c.j,t1WKWr' •s a! s.ai 

dmiationtobXiMn3.i f a., i• 'i s i w ay • 	• a i i jiflafl4Z i 

• s 	• 	J'•1 art . a . I 	J 	.14D 'll.i 	s 	[ r• q' 	! 	1 

i t• 	• ++ ♦ 	i r f a • . .• droop ur 	. 	• s 	s • v • •.• 

• 3• a~i• a i Y•' 	• IN a 	• 	1 1 	t 	l 	an +F I• 11 

i 	s t 	LF ~/1 • 	NI f K i • f t f fm 	1 i• 	♦' 6 	a s 	i 	• 

i 	• 1{ 	I 	i~ i-3.1 a 	A• 	4 L •• 	1 	' 	• 	l 	{ A 	/i 	V 

	

to ♦ • a 	Its 	s f 'e.I.IS1tTThJe&W flfl 	 4i *) t .w 

-• r 	r s • 	rc. ~•.a • •a .titts a. sy 	s 	x I - • 	 a . a • s 

	

U A ♦ the  4MM'iLi y c.) prfl7Ts • 	e 

1. 	a 	aI. ti 	+• . a 	a 	• 	4 	• 	sv' 	t 	tae 	r 	i st 	x 

 ca ta 

L 1• • • a 	i 	't f M 	4... 	♦ 	- 	a L •• r• 	.i. .i.i ía 1 

	

F• • s.• 'n • 	w•) tflj 	1t a '4'N1 ' . 	if a ,pj•! x?raWr4ri 

• t ty 

r 
• z •-i i• a .s 	 I i 
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tare N1 a tpeod at zero gate opeMn8. 

tIR a fated speed. 

i 	''9 	 • .b8• 	 t I1 ♦.t G .• n .~ 	I ae .~w 	 fe1 	. 'N 

ation of a oirngle aacs- 

A block diagr3 representing the savant perfbamanc• 
ics 

ch neteriei'/of a vornor %d.#h illustrntivo transfer 
functions is ,dbavi in fig. 3.3. The block dtagrt is 
useful. In understanding the location where reluvent 
parccaotors an introduced and 'boa further txniaton or 
multiplication ate. are to be made to derive at to final 
results.' 

~. G 	si 	r G 	n. 	s r 	r+- • 	♦ 	a !. 	aa• t 	i;a n 	• 	ry 

cpood cignola and the spocd changer post io i. Those 
signals call for changesIn the governor controlled 
Satan or fly, positions !which win change the itvut to 
to iuibine. The change in ote or water flow or but 
to tho turbine causcc a change in the tutito torque 
Match in conjunction with the load tot ue emu , to 
charactoriatic of the paver alma, deteninea The change 
in the gyoten shoed. 

The snolflc Bch follows pertains for the moat 



21 

:A 	A 	Ir • si 	t rr N 	r~ M.o 	~p 	M 	r• s 	~ s 7'. h 	it 

e ran the inortSa of pones cotcr we obtain- 

t?pS + Dpa o AP . At 
	

(1) 

whore 11 a otfeotive rotary finer- 'tea of oxo 
p a differnti ai operator 4/dt t t a 	a) 
S a derriaU,an of rota37 w 3J.nrtia fnt initial 

olectrlcal cn uiar position. 
D = dzrt inz torque coofficiont (that is the 

itteront not chaneo of toad and prlie never 
torque with froquoncfl. 

A P = eoraponimt of change in prime mover torque 
,). fl 	 p 3 	Ia • t 	.a 	r I 	• 	a.1 • s 

oL t load Chao In a (asido frr inherent 
change with 2 froq,u 	. 

pb a deviation from no=ai frequency or tpee&. 

A1n quantmas are In per unit values vscaptSng 

Delving equation (t) for p uo get 
p g n . 	.ter. (A P ~ AL) 	.... (2) 

vido fig* 3~ 3• 

The quantity U 3,s ditot y related 8 Constant 
used In otibilit5► stradies. 
a no won rumen 

Y 	r 	•• j; 	 . ut f s 
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ES a hi fa Uhoro t o fmpecy In evaet f&ie. 

tth fl 	d.211Y1 Z mz1lø 
1CVA (Beni) 

Dotptg tarqu9 cooffiniont V to givon by 

a 	• at r  r • r,a r. 

• e 	w ry 	rM1Th 	u ) tpi VW 	a s 

to +to tubt o b,raue with, constant valve position tom► be 
ry 	S 	a r : ,r r • '• h 	> 	a. f 	• 	• 	r • 	 • ~a♦ 	r• 	o 

	

wt4v 	Y1 . • 	t 	1' .p?4çi l 	1 r 	1  

ry s+' an. z a:• .. a 	M 	♦ .+ 	w< is 	r 	:+ !F ti: 

• t . 

rr t 	t 	r : 	• oar 

The Cy'ntia rVonao of non beat ft2bluoo mcq 
be appr xl=tod by a n.tglo tine Ica, (Ts ) 4ioc In 
tic. 3.3 of cppn tately 8o xadiano or t/4 c oeond.. 

Than oP 	l 	Qgsr 	 ::... (3) 
T$DS1 

L I'O 0 P► a cbango in ̀ Piave po siflon' . 

In the caao of robot tut  to tnisfor 
fowtion is divan by 

\ T1 +1 	 ) AP;..(h) 

oro TR a tine Ing association with zteator. 



23 

C a proportion of torque davclapcd in bigh prflcu a 
donnnt. 

Zypieal valuoa of C arc t/4 to t/2 for T. 3 to 5 coconds. 
The opood rocponco So aim by 

A P~ a ~-+..--.^^- ~.r r 	p a • 1,.G1 P 1) 	a°. • 	( 

tore TO a Ocnoinor time lag (100radians) 

1Z a coot regulation. 

16P'= chOnyo in cpood changer pooitton. 

For I~dro ttntincc the 1rzrje inort.a of water ucd 
no a soi no of cnor~r causes a considonb]y grouter time log 
In the ros onro of prim mover torque to olatrgo in gate 
position cx rod to the rorponse of sttr bxbines. 
Alin for }tgdvo thzbinon there So an initial t idency for 
to torque to tzmgo In direoticn opposite to that 
finally prodwod, The ttinafor tune Man for bydza 
b abino is prcconted by 

%hero ?v = nacinat c trtinc of vntcr In 
penfla.'iil3 Sn T+econ&B = 

6A 
L a Ls gt}h of pipe in ft. 
X71,= water velocity in ft./s000nd 
if a pmsno Yid In f 
g n tuceaeration of g ► flty in foot per sao2, 
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The valuo TV sue► vary fs 1/2 to 4 wwndt. In 

case of bydro tuxbthon A i r is the change In gate poctt,3,on. 

Iht f • V• -Y'- q •• 	! i 	t 4 R s 

A' aiL ( 	
lTpt 1 

	+APB .(7) 

with to fbfoih g oppzoidnato vnfiuoo for the 
part .totora 

2 c ♦~• c .s • 	w s. s 	s n• r 

a 0.05 to 0.167 

r = trmsiont .t ood regulation 

a 0.3 th 1.2 

- ~.>• s !r[i ats•♦ a i.• 	V w 	tblt 

	

A • t • !:M f 3~• M ! 
	w 0.5 too' 6400condo. 

	

Tic Governor conutzmt 	= 0.6 fond. 

i s r♦ 	s .~ 	r 	c 	:• • as r~.•i a 	sr.: 	w.• 

in thorn in the fig. 3.3 

Roforrtng to tho to= , , . r  
\ tr/Fo) THp + I 

equation 7, lbr a sip chsgo p bocawa infinity and to 
torn boconoaa 

Tt p +i 	

) 	
t8) ♦....M 

Wn Tt + i 

Initia11y bcaatacu of tuo tcsporary droop cccponsatLon3 
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the regulation appeo rs to be r. 
In ski state bony a 0 wo obtain 

R 	` (r./8 TrW +1)  

Thud A to the regulation In the Steady State. 

3,7 	Zntorconnectod Q ntema. 
in tcblatad or indopond ant c wtcrla to rocta atlon 

Can be achieved by contnuoslycontnCfJing one variable, 
viz. frequency. In in inter-eonncctod V star, cavor.L 
ut41tt4os or areas an connected by tic linen. The achodulo 
of ozch o of povvr been areas as se groat i iporttuto. 
For catiefactary operation of to Inter•connected ryste n 
the two variables ncxaoly load and frequency have to be 
ngulatod. The deviation in frequency and tie line poor 
will be rotponziblo to etiit rogu.tnting oont.t`o:1 aigibto from 
the controllers caking the connections in flc it direction. 
Additional variable could bra to time orzor aM Snavortont,  
lntorctwigo error fac#ory ate. Once to to line ochoduloo 
are mot vith or to not a intombanco of oacb area 10 
maintained as per ech+tzde, the frequency to mMacwttmafly 
taintalird. 

Baowiolly thorn are threo typos tuttn controln and 
pijiflZ •, 	• r s{ o 

fraquenoq of do lines in an intor.connn octed otcao. 
i) Flat frequency control. 

it) flat do line control. 
lit) Tie dims load bias control. 
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c# nt'caJr 

	

a net 	•  s at i' 	t as x 	r • 1 

• l x• th Wciir bb • s 	s e• f a f Ms a a 1 i 

1 Z 	h 1 s 	t 	a n 	s 	q' 	t Ni 	a w• 	 •t n t.. R rti 

♦ aR 	• qvatwo • t i • H + MLL 	 in'U. WI!!a 

• n•• 	q' t aR Wf i 

	

'S4 a•1 	f 	 e a I+i 	• 	r 	Jp •• 

• lflsrP rPI 	.r4TZS 1itT.Jw• 	it  1 • r1 1 1 a e 

• •ctwiiP tt4 ♦ 	t11 • rl 	A V• i • • 	• • ♦ 	• 	pf .• 

•• 	• i M• r1 JI• • 	V J 	• 	areas • • 	i M• 

1) The to lines art ctiors onouch to ttte en 
varlations in ft power flay of xflnc txutflsSont tranatitasion 

2) The zvgtiLotSng copwitr of to frequencywnitzoi1- 
in0 plant is cuffoicnt for the roMantion of to variations 
• al 'w 	. a~ y rsw 

3) Thorns are no contrachni obligat ono botioon 
• A a a n  

$dm rmita, duo to their porfozn o ohanctortottc 
vifl huvo lone or band for rogulation, cV Std; to 1000 
of loaL motel units nom 11y vG?dng at baco toed 
unite viii ham a hatted ro dat1n3 band of g` to 100 
of tonazimtt oapecitr. (flnlznts my bo order of 20 to 
30 par cant of the ecpcait ). tarcor t2io rccultting  
cepacity in a wctei* the largor to 1tjnlc t n3 band 
nM finer will be tfn ro ulatlon *4th aloso toloranooc. 
In 1966 to total roc latnzs ca000itp In Prue was 
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Tho rocutatinc band provided by aiac h sets vacs as high 
no - 18()0 

3.9 	flat no Line Zco.d Control. 
In flat to line control, tto lamer area in 

entrusted vi*z to tat of maintaining system fvquomy 
or Ith pallor oyot a vif taintain their to line povor 
charges In accordzmco vith preact cehcdnlo. 'F terring 
to tic. 3.'1+ frequency eontroUinc units are in etc 
A and the to line regulating wxito are in gyotot D. 

s.. s 	K . 	i s av r a n 	i 	r s a. a 

omthangea botvoon rystaao is nntntMmd Constant during 
the ttoac) state. Any chance in the rstuakr state load 
of x ys tea .% in ultinat 1 — observed bg the custer 
frequency reseed g units Oh in A, .Mlo ate` change 
In the stoa otato load of ayatan B is ult natety 
absoibod by to line regulating unit G2i, 

The flit tic line 3.o. '1 control can be adapt d 

	

then a. lar.,or custom to 1nthr.cozr;bcsbati vith the 	73or 
c*ntaa. Prance In inter, connected with Bolgiui, Uweden 
vith Darna-At, fly with OSE8 on flat to line contm3. 
baci • larger povor Fwota, vls Prance, Cueden sit. 
regulating the fnaquency. he m3.11or watt v Mo 
Bolgiun and Doman: are eonHolinc the tie 11mv power. 
The eynt s am 5nrLng La tflo contraattn! o igattonn 
and there will be no fear of over loading the 
tfanwdscioo limo. 
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ss " • A!')t'1 e .• ar !nIX.a a L l 	h • r 

e' • tr• a as 

 

.j4b ri • • •.• 	• I.tai1ciT.rvrz• vtt •• 

+ • ++ 	•a *i.14'l-S)K.fl!i 3 	• 	t• ••p  anI1jt.ib. s r • • . a • e 

The principle adopted in the Moat appmprtato 
solution to tho problem is that each area vii maintain 
to intorevantjo cohodulo aoticuiously ton to troquoncy 
to norrmal. When tore to Is deviation In frequency, the tie 
line schedules arc tcriporarily altered in an attc pt to 
help each area thich require sOEtctthCo. Once the 
tr quomy is rantorod, the additiotji assistance to 
vithdraim. Eaab area ur4or tie lino load bias control win 

hzxvo a tic line schodZo biacod by the frequency S. e. not 
intomtbaugo is ineroacsd in' the vat of to froquoncy 
is below the narnol and vice versa. Once the miunle)? 
is echiovvod, to tit line loadinro wifl be bps to the 
original cchodulo4 

Thus there will be tcttporan rolazatlon In the 
ante obaxgo cahoduloc 4th respect of ao$stlng to 
affected areas. Each area u411 ultinatoly tc'so over tho 
load chances a onatod. ftu it. This typo of control is 
very popular and a1t200t univoraallp r000ttQndcQ. 

The bias potting `" • (in fitI per cyelo per cocond ) 
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primarily represents the change in power gonorat on for a 
change in cotui troqucmoy by one cycle per coconfl. If dp 

be the can of dopar rue fsua the acbodaod Do er flow 
on various lines consequent to chunga of froquoncy dt, the 
regulating parcetotor for the tvstei that becomeo d* + Mt 

The to line load! bisa control can operate over a 
wide range varying from flat frequency control to flat 
do itS control depending upon the rotmt of frequency 
blue (K) used in the control constant cap + Kdf, as 
t.tovn in fig. 31J. If to frequency bins IZ in zero 
thon tho control \Is purely of flat tie lino 3ype %hero as 
if the bias is considerably hi& to that to paver 
portion dp to mg igible vtth rospect to Mdf,, than the 
control is purely flat frequency to (shown in fig. 3.$).' 

Thus the tie line bias control to very useful for 
coordinated operation of power system as it provides 
convenient moans for difforenttating rccponctbility for 
the syst m Toad changes, 

3491 	load Phase Control. 

The application of to line load bias control is 
basically to control of dp + Kdf for a atabiliood yata~: 
This control constant could be applied on a s'otui In 
several woes via. in.tograting dp only$ df only or 

ctdtaablo coSnatton of +V and df to that the control signal 
thus derived ¢voa doped control to aahiovo torn steady 

In load phase regulation in roc ect of single 
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area only to froquosc► portion is integrated. In load phase 
caerc+r regulation in roapeot of inter connoctod ztrctaaa both 
variations in the frequency Cdt) and 1ho power (dD) are 

integrated. 

Loud phase control concept neke uoo of the fact that 
there rdl1. be a. phase wtgto. difference botwoon. t stc voltage 
dn6 voltage of a standard frequency ooume tonovor there to 

a deviation in fsrpu ►. It is equal. to the integral of the 
difference between aysto±a and standard frequency: They 
xtll bait to be matched at to values of the integral 
of the frequency differ nco. fare the regulatingquantify' 
is the froquoncy. The c~plicatton of thin method leads to 
the st3octing the out puts (Load) of regulating machines 
to the value of phase difference (iniognt of frequency 
deviation).' Home this is known an load phase contxi4. 

3.12 Level Controls 
ILectricito do Prance have developed this technique 

based on load phase• one y wont, 1. Vic frequency and tie 
line pow? deviations an Integrated in the fora of phase 
deviation do a f c- --- + dt) dt. If + U Is to 
n uting band of a regulating machine to ratio cLdw 

in called the "lev+ol denoted by N and ~ is a constant 
representing to regulating power of the tanchine 	resood 
in NW per radian. The value of V varies fits + I to .. 1 .` 
Thin is dotemained at the National despatching stature at 
Paris and trananitted to each regulating machine via to 
reopectin regional stations. 
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tiers load Va iation on each grtup of regulating 
stations Is controlled at constant inter4'alo by lmpulaeo 
of constant tctplstado, but tho duration is proportional 
it t#Re control error. Sao lmplusos not on the Mvonnr 
speeder ne'tcr. 

d du, 
itRa 	Cs 

¶11k 	It 
variation of power to be obtained from regulating 
station. 

ria3S regulates band of the regulating station 

The level is a number *14th can be used to infbm each 
regulating otation at vq instant of to regulating output 

3;12 Dias Settings 

The extant of area not inter change echedulo thift Vi h 

characteristic. The reciprocal of the doe is defined 
as bias. It to usually expressed in megawatts per one-
tenthi l ~ 

33.13 Arse R sumac :ts 
Area roqutremont in a mosaare in cagavatta of to 

pa avoi33ag area generation. ermr. It is the mount by 
doh area is off its biased net interchange schedule. 
It is the zici st by which the area generation must be 
chaaged by mspleenta area regulation in order that 
the area correct its not interchange and do its share 
of gratae frequency regulat on. 
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The arm nquiro e t error ACE (nfsrring to f ,g•3.' ) 
=► be written as 

ACE to ar T, - 

-ion  t r-r1 ) 

n -10A(ap ) 

tboroaT in The •difforeme betaon the % cycle 
intorchango £tbeth*l+o t) an *ho prevai sng not intc:c2:ange 

13 to the Itss setting In tasgnvatt per ono-tenth cycle 

Q is the differvnoa between no ai taognebcy to ,end 
to prevailing f quoncy R~ 

3.11+ Eogutntdone 

3. 14• I In t* L.ated oystasn or imSspct.n.t s3►staa a regutattøn 
can be affected manually by taxying one variable namely! 
'frequo ►'. Sn on inter-connected grsto it will be 
difficult to maintain t'sten fnc uancy and tie line loadings 
Qonua32y sine. conticnaus control operation in needed. 
To achieve cati ofec tor, r operation of the y*stc St weld 
be 1aco3caay for an operator to dba*rre wstan frequency and 
tie line icadinga steadily and =alto continuo= adjustments 
of the position of the go►ornor notots of various generator 
imito. Autmat o control could be adoptedd for naintainIng 
the dodiod operating conditions scan ntisfws wrfly. 

Frequency bias tie line control Is meted manually 

in thg.tanl and autrat ,cally In Mao continental rsts3s.' 

The duties of frequency contra. and tie Line 
landing can be assigned to the few r gutatzzg otations 
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wid the gonoratlon of power at rc at'ning stations an 
the £yot 1 can bo rn nutty doopateh0$. Autmatic 
regulation becomes noconsny perttcu.as@7 ithei to 
power cxchetlCeD 4th the notgbbouring cratca h vt to 
be maintained at agreed. valuon with United f'motmm .onsrl 

in sufficient w for otability of frequency is concomed. 

tbnt regulation of generation in ano fen d 
rr eK +Vrnve 	 z^A• c i 	' s - . jaji  

tali 	a 	:!Mfl ri1aAtV.4e%flJ'tL4- 

gay 

 

sJl3si i7pi n1t, - ai t .m  f i a. : 	 7a. 

4r h c ETPrr.v.4Ur 'IarxkraL'M.IeaI  

oparattng in morn than 60 major generatingstations gar 

the pOas load van 17850 xb? The PJX crate have 

provided blab cnpaoitp Inter ivst tics to pomtt free 
Play of' power among the utilities. It wits outy In 1962 
ten to cysthn was connected t4th 2 or 3 neighbouring 
inter comnooted t7stems, that it bade neeoosai7 to 
take recourse to pravdo antra io fluitnnt  to rogaute 
the flows on the tic lino o. with n S• oaring Inter. 
connoc dons. 

3.1 i % Centralisod Autzjatic Aegulations 
The centnliaod witxmatic rflu scion Bch Is 

F,roquoneq regulator Installed at s central point of 
the crate ism h controls pemanently by remote control 
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the power out puts of the machines In to rogulating 
stations. Its role is not only to bring about a tot d. 
variation in case of frequency deviation of the gonorat.ng 

ccmcit, but oleo to diotrlbuto under prodotomined 
conditions, this variation cong all the regulating 
rrchinon. 

Extonaivo tolunotorinrj and tole-contiti channels 
are required for trantnittSng the cr*aM of mlo. Control 
contml is entirely ro onstblo for the froquo roglat on.' 

3.' 5 tiulptzonto for wtomat .c load and frequency control. 

3r%.1 t:aotor Load Prequoncy controllers 
t ton. the frequency varlos fitm the controlled cutting 

the controller galvanadator, n detector of current wthalareo 
deflects in the direction depotttflg upon the utatenco 
currant flow thzv'uzjithrough to bridge; The direction of current 
depends upon btaotor the froquoney to idri or low. The 
controller neohnia3 detects the aalvanonotor deflection 
and dotes the contacts to operate the covorm►r motor. 
Thaso controller contacts Connect in parallel 14th 
contacts on the amrnortwitch (In nonunl oporut on the 
operator closoo the contact to send an ix co to to 
co motor). Me the froquorny to by deflection 
of g3lvanulothr coMa an 1zpulco to run to {ovornor 
motor in clocing dirpotion;  then low the imputco cent 
enablo the rotor to rotate in opposite direction. The 
froquolty controller i0 rnncitvo to variations of 
tm u=w of 0.005cyclJ end starts correction before 
the deviation in frequencyin c,rociablo.' 
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govoznor motor are: 

1) by varying the rntobor of Invu lava in a given tlao and 

2) by vaxying to duration of an IM70loc.' She cocond 
nothod appoaro to be catisfim tory. In case of proportional 
atop controller, to a m and contnct nochani t is douiplod 
natcing thin corroctton•possible. Duration of Scapulae tent 
to to governor mater to directly proportional to o the 
deviation of the frequency from the control totting. The 
creator tie Qwltttioz fn s to control oett&ng,. the greater 
scald be the correcting iapube. As the frequencyy 
approAhos the control point The corxbeting bunco 
docreasoo corroopondi 	thuo aecot pltchtng roatorat ,on 
of frequency more rapidly than an inpulcc of constant 
duration and F!) prevention of over trucro.t or Y=tInno 
The variouo typos of con.trota axe obt .nod by awrapulatl % 
the nee tar wwl tche s. 

3.l5 *2 Automatic Time Error Correction. 
if the sorfleo requires close adju3baent of 

integrated frequency or time, au#atla' ko 'moo error 
correction can be provided. The tine thorn by a 
mynebrmnous clock is comparedd! with a aaator clock. Thy 
control point of 11-a frequency con ta'f . r to out=%tically 
td3ustod to rrturn o it accumulated syctcrt ids error to 
zero. Dynmic typo toning foito, csysta l- contxo led 
oacillatora are generally used for r fer=o tine 
stctdat+d;. 
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A station. can ba pieced on flat f equcncy contrri, 

'wit automatic time error correction by operation of 
aalector with position. 7Ua cwitc'oz the galvz rxzintor 
tram the wally Sjuotibte control dial to ate automat3c-
atty stjustod by tho time arxor equijncmt (flat 3.6). 

Modern tiers frequency standard is a stthdard 
clock pouorod by Us output of a czgsbl oscillator 
uhoso fraquew,y La ascasafuU r divided to a. usable 
rtlua. This insta o t hoops time to dtin nnc second 
poi- day, 

3.15•3 Automatic Unit load Distributions 
If the band vuflattrni to too .large, it is 

do i=blo that several units par#.oipato in tin 
ragutat+on to Wilt the land Mngs on oath untt. If 
tho over all off ctoncy ehatttorisbe tnt no load 
to faufl load or tho units are aane, tdøload c ' be 
djotrThuttd Sn proportion to their copseitioo.' This 
nz'ngcwent is celled proportionate load distribution. 
Por units '4th aids differences in efficiency it is 
batter coon, ► to divide the load sscovding to the 
ufffciency charac*.oflstic. This arrangthitt is called 
conic load diatflbution. 

3:15.'2] Proportionate 1024 rSstributton. 
with proportion load distribution each *mit has 

a tee convertor to coavnrn the unit output, a unit 
load controller operating on its error regulating 
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t rpo of control on that unit. Air unit tay urdt ?b.1 to 
placed on. flat frequency contra by qty twitting the 
rnaotcr trequoXt3' load controller lmputvoo to Ito govorwr 
motor taking that unit rocponnivo to dt3,ght vuriationo 
in froquoncy*. The correction of unite one and two on fiat 
and proportional load contral rDL8cuw13r ate ohewn in 
tic. 3.7. The total corzrortsr of each unit poclucoo 
a by vo tee U,C. potont el prmpostiazal b vatto. Thin 
potential fore unit I regulating the fro=eery is oppoaod 
throuth the g3lvaY3etOr of unit 2 to  the potirttol of a 
dldlar thermal convertor of %nISt Eo.2.%vider rttt©'L 
conditions tote potentials will be equat and the 
ga vnnnccotoa on unit 2 4 fl Indicate a balance. 

Doforring to fIg. 3,7 the materload tregtumcy 
contr)Uor is o erattng on unit one and v:rx9Thc to mat 
load to rot i nt tin atrntcn fr quor r• AU the load. on unit 
one in roason wid bwomec creator than the lo*nd on unit 
2 t o potential pztica& bb the o3sr,xa3l coormoff•r 
be groator and the gttvancnotor on u . y 2 indicates %ia 
wtalawo. a"mis oeuaoo tag ncc1o2dLi in contz,flor 2 
to route co::+Oopottnj #r zlaeo to 1nCLvaco the load on 
that unit unto. to potxsntiat produced by its teraal 
convertor exactly euz,l to tln,t produced by { be i er ial 
conrortor to wdt Oro. e'en a dLiCCat wtalsxcc to 
bot4ing butwocst the two urd,ts sautes the 2M unit to 
roadjuat its tort unto, it equal that of 't10 reactor 
unit, The convertoro an GezSgnod to that the D.C. 
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i apandcnt of variations in power factor.' 

Nhan the units are placed under contxnt the potent. 
Iola of their theme converter arc oppocod through 
their Cav-mmetero tbthe potent 3l. on the motor 
unit cQnvorto?t no ttic .i for unit tarp, Au Unit one Is 

controlling trequnncy, pialts' or drops off load, the 
Comaxww on the iW2aSMflZ ui its cUUDO thcti b Dick 
u on drop off in the otno firmer, no that the load 
r 4nga viii be divided ocong an units in the station. 
Any tutor of units nc be connected in parallel v'iih 
Their c*rortor potentials opposed to the convertor 
potonttai of the unit orating an master end nfl to 
units participate oQuoll ►' in ngSlation. By this 
cnungu3ent the load distribution is autocaticn b' 
maintained with no tendency for an unbAlarce of the 

load toig units in the otatton regardless or difference  
in their Sndividwa vemor ebaracterict3ea. 

3a 1 5 s 5 

 

Eenotic totA Di JtrThnti . 

With eezuate load distribution as riith pn port. 

Sonata diotribution oacb unit ha a, load controller 
oporatin; an ± to gore c,r motor and train any unit in 

the ntsti.ct my act as a nutter by a4tboing the 
Impulses fn, the nastar la a fre4uency controller to the 

governor actor. However the load of tie rur4rzthg units 
is rnSntcthott in au h a ratio that W5' givon otatlon 
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but oconOMIC011y for max.imt ove? alt stntton efficiency. 
This ire done by to following to mnr. 

The t enial converter of each gemrotr bporz'es 
a standard graphic ttmeter. This watt motor besldeg giving 
a craphtc r ord of the wit load drives a old 'wire 
or trcuenitter. The potential on this aide wire taken 
the place of the D.C. poteottal of the th.nnal convortars, 
ucod for the proportionate loud distribution: The slide 
wire is designed so that its potential is pzoporttord. 
to the elope of the input-out put curve for the its unit 

n potential of two or more trenSttorsr are opposed 
thsouct the galvanomotern of their restive controllers* 
The controllers operate to route the izwuloes to ohmage 
the load until the rerpoetive tranrcitter potentials 
are equal to that of the potential on the utter unit 
This is elM—tar to operation for proportionate load 
distribution but because of tepesed dtide tea, the 
balance points 411 be reached *lira the load distribution 
between units is in proper ratio for sdnimt over all 
efficiency, not noaeoeafliy an equal load on each writ. 

manner, the operation Is ntztoly' slm1lar. As the 
station l nd varies with loads on the individual emits 
vv wg  but the controller operate on their units stvge 
to maintain ecowrtc load distribution, 
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Further we have soon that the regulating stations 
r •3• maintain frequency for variations in to line loading 
For optimum ocoray such variations of loud chon'Zd be 
tharad by different rogu.tctt&ng units such that 
inergrnntcl coot of production d%ould be fl20 fs~ 
oath source at cUS points in the netuort. ma seoneniosl 
aspects of lo tiding of units, for opts oconocty and 
different tothniquoa tofovod to achitne our objectives 

diceuonod In the noxt drafter. 
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441 	With power trot ao dot ling eve y 5 Years in vnieveL- 
aped countries and doubling every 10 yearn In developed 
countries# fuel costs nd►islnu tepidly and unit d[es 
instvasing even more rapidly, to 1ort3x1ce of Wsto 
operation for optimm 000naeq has it chased traaen&ua1y. 
tdhile the prluaay responsibility of the povo7 waters 
deepatcbsr is to have power nit.ablw tenever and 
whenever the gatc d aaMa it, and he must also furniuh 
this power at the lowest possible coot. 

to rio Operstlont 

t • • - 	 • 	Mii _• 	h 	• Ys 	 s 	i a 	nM •.• 

i b• I 3 P • 1 f 	Y :.j inn U 	t •• ttaop.itt•1 pt r 

we dotemlamtton of rtiah machines thould be 
operated P 1 	4y 	• ' y r • 	• i 	!! s 	~, 3 M• i 

• • 	I3 •1 	Y 	♦ 	• • 	3 •1 ! a 	•U 1 II` 	(the Y 1up 	• . 	,; I j 

♦• s {• 	• a!**P ItSØ!TSSIIfQ II 	 • 	xflSj,♦  	s :, 	nIr f 

t !'a 	3 	{ • MI 	%\' 	i'H 	it 	lh1 a~ 	1 	♦ 	• 	p •1{ 	• 	. 

.L: s 	• 3 	• • n • I t4*E1. 	• • JA !!1 LT . 	) 1 • .. 
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In gwsorit ma given station the units are placed In 

oenico in aaaerding order of their heat rates assmaing the 
cost por Du to bs tho Ct0. To determine the roat 
sconnio combinationof units for a gtvei station. load St 
is moessazy to plot the total station boat rats CUZVOG of 
mtcesaivo ccctblmttons and to note the conblant;1on 
providing the lowest boat rate for a given station load. 

Another problemof importance is to determine the 
Boon ito advioaabUlity of baking units off the line for 
rolat vott abort periods of time such as between the 
morninc and evening pets. This determination is bnsod 
upon the calculating the total cost fuel input in Au. 
to the r~yatom during tic period of time ten. the units 
in question both on and off the live. This ce).oa1attcn 
should include cost of rostortng units under consideration 
bac_z in service and looses involved in btnking the boilers. 

Once the docidon has been made as to that machine 
grill be on lime, there rtaino the task of detnnining 
machine loading for various c5rstum loads. This is a 
variable cost portion of opontion. Neglecting losses# 
Dais obtain optimsn econcM men all machines are loaded such 
that the "Incrmental costs cf generated power are equal 
at Overt' point on the paver a 'stew.. 

The incremental cost characteristic for a machine 
is obtained from its input output characteristic as cot 
in fig. 4.1. The slope Y/X of the input-output clans is 
plotted against output to obtain as isnr :entai beat rate 
Gunnel ma incitiontal heat rate curve in in Bdaflhhr, 
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the jncro,eital cot curve in Ro Ah&r. The mathmattoal 
equation for optimal oahodultrng of generation. is given 

flu 

taro 
+d~ c irscruncntal cost of prodttt3vn of 

unit tin flWM hr. 
a inevmontai cost of received pover 

in nn/Htr. 
Fn a input to unit n to Ro per bour. 

Pn a output of unit n in ngawatta. 

•Scheduling of ganraUon negloot4.ng losses: 

The first nt) in echoihzling to that of yrodidttng 
/r i • s 	y' x e.:1 	• ! i e Vs'FS.aIiI FS  t 	• 	rs' i an 

spz ni4% 3it fE a t> X+ Y• 	r, t 	v 	r • 	s 	L s 	Y L 

pim 	r 	' a 	:• 	sw s, s t 4W 	n iitiVia  

j r 	rt .y .; i 	r a 	a 	r: 	a• 	Lae 	1 	e t= • r 	L 	z-• 

• e 	f • 1• s nwrz?rIiriax, t w• •tpY o 

Yin9 J 	1 L 1"iL 1 	4• 

To eehcdulo generation at equal SrtrCMfltal costa 
a niabor of uachine characteriattca prapar y' adjusted, 
for fuel costs are to bo cott aed on a single plot 
ae Chown in fig. 4.2 for three mochino oporation. 220 
inter motionof b ommntrel. line X-X given each mdse' 0 
out put for the particular imr4ment l cost oa f.' 
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If to aura of the nachines out puts P,1 + 	P3 iA ins 

t '1 11'IO dosiad f y'at .load t* by a biter Indrawn 'trl. 

coot r rh an the line X .R' aid repeat 1245 process 
rntz 	. . •• • 	.L 	r s 	t• r F'.e 	; i 	L 	t 

L t'• f   	' Cs L 	. 	t 	8 L. re ♦u 	t 	'.'.'• 	:;' r 

Iiline 1 sStiT4p,ib W.14 - 	• pfl,y 3/ ' i3/ Pl' Y iw • L 

• .: '+i 	•i 	s 	h' 	s 	'r L .Mon 	tx' 	sq 	• s 	Y 	♦-♦ 

.Ly ;L• 	 4.!s 	a sLT. 	sY .'4 	 . 

. f ; i ;i$TI!'sttkma.Cna4 r• : i. i •  s 	s 

t 	 af 	 / t 	r 	.s • 	+ 	♦ 	a L 9 w u 	a:w~ 

The schedule of gsionflon for operation at equal 
Incromontal coats taar be efficiently done by the use of 
imrc onta1 cast atide rule. figure lh3 InUstratoo an 
Inerct[onta2 cost aide rule Sbr a three macbins *stew: 
This l de rule consist of a o:OO t aU of a logarithmic 
odtibratton scale, a naval strip Sbr •:*aeh generator unit 
and a Awl cost adjust*nt scale. The caUb atom acule 
to graduated in 3 v per R br to a lags•riltud.c scale. 
Each movable strip to calibrated in Rva and 1nticates 
the relation be Won iho los rtent a3. tuil rate t out put 
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fx x, s x• a• 	•- • 	i 	• s 	x t'!Afl1WA 4fl rTh) pi .h 

I .raT}tt.T .a.)1af i 	 4* t.flmiiiTh'M'• Y• t Yb iF1 i f~ 
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of received pow corresponding gonomr out puts ctn 
be road ditsctl ► tran the store. 

4.•* A Dosrntching Cuter ttogloottng loans. 

Fig.' 1+•.1. describes the essential tM rants of a 
computor tcb can do the loading it.ide iulo wata, that 
to, canputes to north out puts for ge ontton 
thoduX oar based on looting at equal, incret2ontl cost 
of goneratod power. The eUtputn o*m in tbo fig. I 
It for a 'ctm 4th t sa nt2 one inch with bx, rnethdnen, 
To use this ccnputsr fats calculating machines and stations 
out puts ire dnild cat Tho rwstam lord and tie Zinc 
cchedt*Los.t The ratutxsd gaaontint for the ayotc to 
cut=atically cotipored %& h the coriputod fatal 
generation and the cozpaflng 	unlit odjuete the cutout 
level of to cost unit ièenovar the tw, are not equut, 
The tmyciontal. Cost love]. to %oSaed if the cozputad 
gariozution is less tan itat required and vice versa.' 
The output of cost unit would be genertzllybo a voltage 
dAch to =icod or lowered for different coat levels. 
The output is fed to the lbur s ivUbul machine 
tmrauento, cost uni i (or function gen'tors). 
There is a fuxrtton generator for eaeb machine on the 
twatan and each one has the Inertentnt cost charactar-
tote fbr Its tesociated machine cot site it. Those 



e. A• 	u a 	+• 	• - a • n 	a• n x ,;~a riI41Iflicrr4  

• a ra n i c+ 	t •aaIe siu im5..'  ay 	 i.ars?kwsl!111  

of ( L 	1 	rt •1 	j S11 Yn14 1 • S 4 t [ t 	lY N 	• •'a Y 	i .t t 

aY r1J a a l l M a 	t Y- N 	•t ai4T S i1 	f 	c' SA"?  
• t 	g  .r. a r• 	theny -• a r t a t +• a t r s 

•rciw• r 	 a /y • a• •a J w e 	 •W I e Incremental  

• a 	 a ♦ a p W4JtiD. clay  

The above, tppe of eogutor ceas y replaces 
the loadingg uti a mte, uuld not be eeomsioal. in snot. 
cases aino# It autxaten tho tags of vU.ch 3e eat► 
porfoced. =r. ,37a' 

4:5 

 

Other aothodn of cohodri . 	Tuibino Generator. 

AlUmsb to criterion of c qy al arc entmt 
pro4a tion cost VU1 ieaz.t In opt economic 

eduling of genontirn # to fofloving izothodm of 
nchodzzlirg are axio tlnn ottU ford utoAit. 

1) 	Dace .loading ix caei.ty: The tzbbino getorabro 
are occouafuUY loaded in order of their ofri.etefla©s. 

ii) Bas loading to moot efficient .load., 
The titbine generator =itw art tueeocefully 

loadoa 3n amcendsng Ardor of t oir bout ntoa, to their 
most efficioet loads %bon all unite opatsttng to eapa city ' 
In to szne Order. 

a. 	• 	t.-  • .. 	r Yr l- 	• 	a a  

rtTJ • •te 	 n .• • + 	• 	 ^• p.i*tMi 

X1.$' 	Tr'wwdoolon Looses 
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ai 	[I i 	1 M• 	P f1 • ) • 	• A 	N tRJsHa 'ia• } f.'i • 

M• .f Ml' 	Z •' t( T 	 i •• i 2:.;%p g ,tii Ti uJaT.xr7tcg  
sr n ♦aETfuel~• 	• 	t s• 	sw 	Ia 	t! - ► 2 If r 

!441 a : 	♦ 	• • n 	sY t • a•av 	a M! : 	/[y • 	! 	W• • sw 

operation • 	i '. a 	r♦ 	• i raMa 	i i 	r fl [  	1 ✓• • . 

f ..i b1 	c. ii. 	 • 1 	♦Siet.) fjrijiJIII 	1 . s. ry • iFS  

♦•t 	Ys 	t 	 t• 1 a 	f t •~ • 	• 	w M 

of t wnwia ton US=* in Mon=V dot,)atcx doporda on the 
alto =d r nbzre of The pour qotan. A olosoZy knit 
ractropolitan nottsnt not 	 may find that the potential cavingo 
are only r dont. On To other bard a far flung rntto* 
covering large geogrphical uroac may tied pottttial 
xrvings fntr 'tea wurea to be of eonol4orabtb maMitto. 
One largo power vyotua 4.a .oh nones an area of about 
100,000 oq. t on aottmtat that the fuel cost of potmr 
loot In trananiosion to "pflZ$4 atolg n►. 375Tnflio 
per ; t~(~)' It has forted cavLrzo of tpproxixAt 

that fig►uro i.'o o Roo $i .Y5 Inizbo per year lq„q tho Una 
of on ec',nry do*atoh 7at 3 that given o proflmato 
consideration to tnnei4ouion love f tots: 

Tranuaicaton boson an a fwttion oaf'plzgit outputs 

For ozsmoatng the trnn iomton .l00000 thtowo 
of plant out puts, tat us conoidor a we tan as dhoun in 
fie. b.5 conoiutSnci of do genaratoro and one 1o8. If 

[ 1 	 •fl±Lt s [• flCI4STp. 	 a  [ • t 2♦r 



rospoctifeg,, then the total 3 phasie c aten loss to given 

PL=3 11,12 	+3 1f2l `' R, +3 1T •121 2 Rc :..(2) 

If we assts that I and 12 are in phaao currents 
ark! P,1 and Pp ow ttzo povor ova pz ts of piont f amt 2 
at power faetorn pt f ant! pf2 rvwoettvoly. 

p., 
Than 	si:

Ji 
19 	ip; ) 	Z j3 1V21 (p f2 ) 
f  1 

on :3tttution in oquattan (2) vo cot 

pL rilV r + + 2 P P w fic 	+ 
IV f (ptf )2 	IV11 IV2) (pt1 )(pf2 ) 

; 2 Of 	t3) 

ni 1 t 2P1 P2 3312 + P2 B22 	 .'.. Cl+) 

'Thy foam DD14, B., ryd B12 are ccflod mss lose fonAa 
eooff. ctontn or B coefficients. 

torn 
ff  IV42 (pff ) '11 	ri 	.........., ........., . 

tVi l 1Y21(pf1 )(px2) 

I vI 

Calcuifttlon of tnmicoion iouo coefticients an 
.. , 	..,. 	.A 	 . : . ei'ra. ,~ I .Y 

naibor of aounwon end ioodo. very popular natiiod of 
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colcutattng loco ^000raejontn fr..o I:ron'o tot oa of 	; u 
tonvor rm- ata to potion t'ut o to rot'ueo tho watts to 
an oqulvalmt one uiti a tingle hypothattoat .].aM. P .c.4.6 
reproccmts do tioxtoratinc pinrtt3 comactod a tranwisalm 
notwilm t4th an wbitrnxy rifler of taMda, 1\ So fh~ 
roajsta iec of branch 1; Ond tThl and 1 010 current 

diotflbutirn factors. X24 traztnt szton torn for such z 
ny otan is jivon by 

-. 
2 	2P4 

W 1 

 
~̀y' tr ~! 	~ ~ P I I v I ( pf )(er ) 

	

Pa
4►f.. 	i+ 	N Y►~ ~V~ 

team' tndlc ato s catnatton to i rnludo nfl 
br nchoo. The ' cr 3 cjrnto i mliLcca to 

PL t P D 	4 2 P1 P2 }312 +p22 n22 	... (7 ) 

t Toro 31 t , 12 cort ti22 ai o loom COO'O 'eu t:. 

Tho general fou of The loss equation Lot wv tutor 
of tturco8 to 

t. 
.i."(9) 

bore 0 n indicate Indoporncnt ctraatfon to 
include nfl sources. 
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A Cenral eraasion for lost 000tttoiCt in 

Cos 
 

i 4rai `vr)) (pf i) (pY 1) 

Equation (8) It based on to tot otdng as 	t&ono. 

1. ALL load currents azzintain a constcnt ratio to 
tho total curnmt. 

2. Thy generator bus vottago acgjnitados ra! uin 
ovatta nt. 

3. Tho ratio of roactin power to rot,]. paver of any 
vonxc a regains a fixed value. 

4. The aonorcbr bus on;loa Twain constant. 

The tr ditior l loos equation (8) is said to be 
United In its Practical c +$iC itSOfo Sate to 
aamxVt ons on ihhich it in bti.cod an 	flt3n$ic'flr 

tw .ld on tq e 1 po :•cr grct no. It has boon pointed 
th1t ufly tho cbtrkoN in Uw lfltZti Toad and reactiro 
=f a. moats, Thu oTaatio* bccnw quite Inaccurato. 

An augmented or moral total is nctioslon lotto 
oquation has boon dovvloped(a)bwod on torn aooliotic 
[T.Ja aU 	• x 

ti tnt 

n in a constant rel.ztod to oouree n 

1U8S .S 
- 

 
r ulm uWWARr +YThsm of PC '~~•.~ 
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1% In a WnSt nt that nab► be wgardod us npree*nting 
total v7stac losses under inogtnrslv co  Mitton of Zero 

to not nececaari2* equal to 8 . 

¼'9 Xncxtental 2nnisSiot ioassmw 

Theramental trsnsSssSan transmissionlase for a oeiftc  
Brae Is the change in trentlosbn lase related to 
that cities vben. the notate Output Sc changed by a 
mall. aaount. It xep'nnente to fraction of the 
jrcxoraontal power of That eourau tah is last in 
txjn nistsion, The partial derivative of equation W) 

With respect to a givens sauna re resents the 
irnreraontal traniticairfl lose far that ooureo in 
teaardanee with the fall awing equation 

2I 	P 

to 	5- 	- is the tneranental t rsan, 
n 

lose for source no 

For a area having two tdurves the Snonitontel 

trarutioclon less of each souse. is given by 

2P1 B11 * 21)u Zt2 

Par note accurate mitts portal Mrrivatt es of 



&P 

Ta'x.a1i.Ta!TW 1,3 

L. 	2Pi 841 +202 42 +B10 
11 

zr 
is 2P '22 + 2Pi %1 ' H2O 

2 
The pre  3ncreaent l toss Ovation (9) tamales 

3 WPOD of B constants for tme n an follows 

rn oar conxteto ^tech are posi.tivat 

F 	rr l r w 	i 14T G.sra 	I M Aq' 	; w f . 1ft 	. 
ni t  

nogattnI 

or negative. 

16 0 Disti but ~ . of Z5id bstuemi plants censidorftsg  

t tn.s .on basses:' 

Tr an=188S*fl lose as Ct OdUttOntl constant h98 
been didored in deriving the equation for iltnnont2l 
cost of pair generated. 

In IS. ewattons 
k 

	

Pt S P t Pa + ,,, P* * 	P 
ri 

5% 
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tore Pin  the total 	. o st eM Pt  ire the tots. 

point tUto to nark. 

The Constraining relation on the idtiznn value 
or' Pt  In 	 . 

k 
1 Pt' PL" PR nQ  

ton PL o total tmnsisdcn lane, P, is total 

past rocetved by locta. 
fly netted of tcgraz,gis multiplier ie introduce 

the ozznesslon 3 stab tat 

3 	? (L PU  -PL  ?B} 

' nl r rual coat rt Is  Ob 	144. 1 $,f 	s J 

Par' 5l di!to rentiatten 4th ro spaet to p, folds 
-_- - A + N -.•-- 	0 
d Pn 	 8 Lr, 

for blxdt total fuel cost 

tpn 	pn  

m 

Spn  

dP 
IL Sit 

0 
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tore to Sc caned the tonnitr factor of plant n 
and 

i  
7, a 	........--.,..--.~• 	 s , . r e 	(13) 

e pn 
The aulti7lior T is Rs per megawatt hour when fuel 

coat Sc no per 'hoar and power in negavatta. fUnint fuel 
coot in obtained uhen the S.ncswcntal fuel cost of each 
plant ,nulti iiod by its penalty factor in they curia for a l 
pointo in to syataa. 

k.41 Plant Cchoduling Considering Tames: 

This is done by coot inating the incremental coot 
of generation with -t the tranwission loss incurred in the 
delivery so that the coot of delivered power is o unl at 
avpxr point on the x►atcn. It in ronoonablo considering 
that the coat of gonoratiori plus delivery can bect. y 
parched to the case nog1oc ng losses Whore we have the 
cost of -generated paver equal at every point on the ayctei, 
Uith no losses v are a0cwz11n3 the gystem load on the 
gonostion bussed with loss there is an expense In 
delivery Thicb we should 3mludo with the cost of 
gone ration. 

Lot us consider a sysstes on town in the fig. #»5 
consisting of two c oureoss and one trersmiocion 'ice. For 
send icot oporntion the coot of delivered paver thotid 
be the ao of that point from both the runes., 

i.e. -~~--- ~y a  dPj 	dP~ 
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morn I,  ponalt factor of Punt 1 = ---- 
ni 

Z2 n Domol t►y fac for of platst 2 c - 
1s 

S F2 

The total losses In tho teat Pt to given by 

PL t P'P 1311 + 2P1 P2 D12 + 	1322 

Toro P1 and P. are to station out puts and B11 

B12 W%d S22 are loot coefficients (Belt m mutual 
contants obtained frog the anthanticat model) 

The Incremental iota incurred in deltnring the 
increased out put frz sources I ant 2 is given as 
follows 

a pi 

	

.~ 	2P"9 B11 +2!2 x'12 

	

Sa 	2P2 B22 + 21'i 012 6p2 

flan the Sncreientol loam it to necessary to 
calculate the ponslt7 factor multiplier 	stitch 

to used to m dify to incrmantat coot of Dover .- for 

we have to solve the above non-linear Sui1- 
tonocus equations for obtaining the incremental. losses 
to to trraxnnaiasion linos. AD vs Increase the turbot 
of stations or varlttblo ooumoo, the ,mbar and cite 
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of equations increases p!oportunate1y. The time required 
and. cotplosi#v of solution it eases treundously. 

• Since the out put of individual stations generally 
affects the delivery loco thcurfld by all other stations 
with a transmission xxymtom other than radial, any deviation 
of station out puts from those scheduled will cause errors 
in the loss portion of our calculations no wall. as to 
modified generation coat& with an lncre=-ntd slide role 
or the equipment, the rsachin2 Increment l coot portion 
could be Quickly calculated. But to complete the job we 
need now transmission loss perms. 1► factor multipliers 
to readjust the Lsachine coot aua es. The calculation of 
those enoit' factors by hand would be too tine conomtnG 
to be practicable. As such penalty factor ccttipntors are 
used to calculate the tote ponatty fectorn. 

tilt either znnusl or automatic input  to a penalty 
factor ccq,utor, the docpateher is prodded with an 
inexpensive means for rapid, accurate calculation of penalty 
factor rnultihliera, neceacarj to include to offset of 
tranamisaion line bates in the generation schedules. 
The penally factor computer with an inn ental loading 
slide rule to Incremental cost of delivered power 
can be scheduled. 

4,12 3eomr l a Operation of a Combined at*= and $ydro 
floc trio power systems. 

An important problem in the a'dtc operation of a 
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co±inod otem and Wro electric paver yctoma involves 
the dotontnfttion of the out puts of both the hydro-
cloetrie and stoat electric oourooa for aver all R str 
of fSciency. 

	

t 4 JAI1 	f 	 M. .N 	if W WN 	i aI' 	1* 	a 

of atozu airy h irb clectritt plants is given by the 
foliocrinc coordination equations. 

a pa, 

H, 
° Ts,crac,antal production cost of atsgn 

a in Rat 1i r. 

S -L 
= Iryeroriontal tranciiasion loss of 

6p 

	

Sn 	nor pinnt it 

a 
n 7,mranonttsl star rate at hydro plant 3 

dP 
oft per 1%i. 

-sp a- - 
 tm rrontnj. 

sPna  
transmission lassos of 

I~y*dro plant j 

Zncronontal cost rocottod power in 
Is per lhtr 

Yà- w hater conversion coefficient %hith 

converts inortantal water rate into 
equivalent imra enta1 plant cost. 
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The convoruton coefficionty converts the irnrcental 
vator rat* into an equivalent incremental plrnitplant coat and 
concoquenUy determines the volume of vator Ueodo 

Mon. the effect of hoed variations are nogloc ted, 
the inter conversion roof "iotont'v is contant for the 
period. considered • Iron heats variations are significant 
the water conversion coefficient becomes a motion of 
thee. The effect of this variable -i r 1ntcine the 
rosowo.r clamtion hike early in to tArO period to 
ut ice the inflou at to highest head pourlblo con©irstenb 
with the batancina oconcic factors of iz rnonto1 water 
rate and increnentil production cost, 

It S..c often considered good practice to operate 
byd n plenty near the point of namt efficiency except 
during to times of rurplua water. The fofloving are 
to two alterative ;otiotic of cohodillinc anooiatod 
stern plants• 

a) otei Plante scheduuled-try amts incrcwontal 
plant coats. 

b) stoats plants cehodulodby coordination 
equations* 

x+.13 Pona t5' Factor Conputoro. 

[.A'' as e tM a a•( linesvithin s+a • a l w •,•,• 	a iii' 

w s a 	e.• ■ 	: v, 	it • 	s r 	+1 •1• ♦ 	'1 . a n 

H ! ,IM • 	• 1 	• .1 • ! 	• 	the ql• 	V •n YIY • • e 	a1 
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The iberomental losses in tarns of penaltieson ths 
sources of generation can bo calculated wro eccuntaty  
urn ponalty factor erputor. Thom ponaltion account 
for the effect of incranontot losses in sranaferrinzj 
gene raUon from each source to the load. The penalty 
factor computer calculate Ito Incroeental losses 
noaociatod vIth each euree of conoration for each given 
total svatw) load. 

The penult z factor and the imroxntol trana-
mission losses can be rott ecntas by to faloving 
mathematical equations,  

PClial# factor Ln a ~...._ .ti....,.«...~.. 

1- SP-

more cutat trcncnlsscl.tss 
loss 	 P ~ 	 y p~ 

77t 

It 3e nocsasary to salve the rbowu equation for 
each aouroo and a More ton 3 or 1e S►urcas an Swatted 
this baccnoa 	extracely tAxis cons ing tart. 

itiatx t • l 	:•r aA 	l 	a 	ey 	/•i~ Y t~• 

got the p©nalty factors on a long scale indicatorby 
setting source pavers raonuafly. 

The oouro e povers are np m oontod as a. c. vol is ¢ 



	

F!rir s i a ('ti 1 	w 	a .) p jgts k• Lfl4i) i • cTh._  
NU 

s 	x •• •r 	a 	+ s 	o.• r t R 	d' 	t. a •• 	f 	s a ♦ • a-x 	n o r 

torz v4 R r v s ♦-• 	a s a y a . R t•a 	Sy 	Secondary  

f 	RR ♦ RN i 	a 	1 	! 	a1 x 	A• • 	A f 	f 	i 11' r i 	i 'x • 	l 	~•' 

•• 	,y s r 	r• 	R a 	a 	r 	s .L - a i 	♦r R 	ra 	a 	• x 
w a 

• put • a 	I♦ Ta 1• •ar w• tl a 	u R t a ~Rh- •♦ p x a 1 	ar 

r 	• j 	Y 	j 	a IN ' j ja jsrofl[c♦ '+ •4a ♦ 	S 9d1 a.i a t 'rr 

Fig. 1+.9 c ocro a awhcna .tc dSO.Cn3 of a vopraaont. 
attvc two WUVOo ayflual ponalit' factor eotputor. 

Automatic porioi y f c toy cosnputoro are on 3ntoU t 
part of to. General Electric Au do despatching wdtaa, 
mhan trananicsion loam, are tin Important eonoidcratian 
to the utifi.tp. It rooetvos but from the tioa and 
stations and cagautoa the rota .tUng pona11 factor. In 
addition it Gut aticnfly soditioa t1) by apprriuto 
ponattu fectors, (i1) tho eaotor area aim triioh in. 
twat to contra atstiona. 

An onaiogtae computer dovoloped coopomtivoty by 
the Americas Gas and Iioatria aosvieo Corporation c M 
the C,moral footria Co. v a intallod In the Contra]. 
production ans coordination offica of The American Gao 
and foetric Bosvico Corporation eo4y in 1955, 
oporatoo tnon3urtUon with an inctaontal fuai ao:t 
aide raP1 
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4.4i Ccriz,loto Auto tic Dorpatch Ccnputor. 

The additional units 1ncorporatod in to coaxsutcr 
thovn in fIC. 4.8 conperod to the cccputor c"ho%as In 
fig. 4.4 aro divider tmito and pa nttV factor cooputor 

The divider units divide the cost toil (coot 
of delivered poison) by the pow3lt foe z* null plfora 
to satisfy the ccrdition of coordination oquaflon ztora 
the coot of delivered peuor Is equal to Thu station 
incre ental coot titian the ponalt, factor. The iota 
to the poncity factor ogmVutor cm Cioun in the fisj.tr.G. 
The output of the penalty factor per- Lion of the cocputor, 
the penalty factor zmlflpliors for each etation andmV 
i eort nt tic points. The penalty factor for Uiv 
station food Into the divider unite to catomat~lca ..ly 
modify the fzcawcntat cost levels ooai by the atttion. 

The pcimlt fetter cmputhr portion calculates tee 
penalty factor culttgtioro f= non linoar ntmultanoous 
equations ten tionsa catlior. 

The wo of to caz,loto auto ratio dec satcbinrj 
CoaputAr +ban preparing to oration cahedulo you .d require 
tho tin li e po mr f us tho non conft=dM lobo antd 
znc utod ctation. outputy to be sot mmuofly.ut% tin 
done for a certain itngo of cyotc loS or period of tbo 
on to c hoduo, the only further adjustment necosettay is 
a totting for the t stoat hoed. 

rbr each cyntpc locd the dorpatcbinc cu putor ulfl 
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ca cuiste the machino cnd to station outputs iriMing 
the effect of losoou. It pmvidon to Infomatien nceooca1 
to proparo a cotplate genoratton Dthettulo once tie decision 
bus been talon as to fit. machine should be operated and 

r 
I+.15 /Lutctatic Do~gntching Co utorwDontmUor. 

arnngaieut can be in oitor of tars basic Tote, an a= 
inflanendent caputer iaticb provides inlbriat on for the 
controlled cycten or a combined computer and qyat®n 
control. The first is a dAspatcbithg corsuter with 
tolaootorod smut tnfozs tton end he output tied into 
to qst control.. The cocoa: is a combination of 
c ator wit .^,yotaa caftZQl. 

To convert a d atthing conputor Into controlling 

computer the ttportant inputs tote c< * ater Art out put 

infomation iau t bo automato4. 

The cctpntor out puts, the nacbino or station 
generation valued, rust be cczparod wits the teldaotoxe& 
infountion on the.  actual nXhine or station genonttone. 
Ater diffbromcc botvaen to computed ad C$3b al generation 
is uxdd to lMtiato contml automatically. Ideally the 
covuter diould be calculato and control the oaut of 
iMSvlctual nach4nso. This would require a oppexato control 
chtntel from the despatcbing office to each machine. In moe 

caner the coat cM the SVaUOUSp of ebarmolu fbr ouch at 
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arrsngasat would axle out this possibility, The other 
mltemativs station out puts computed and controlled. 
requires only an. channel to each etatlon. T tea arrangement 
requires a dul,.ication of cociputing equipment at the 
deipatcb , office and at each station. she eta..t3<m 
squinent is required to ottoeate the computed station 
out put susong aechiuss. The ntachlns tharmceterist$c net 
into the station equip at inst be exactly duplicate 
those set Intothe ecarputn at the deapatahit g officer 
if ept Um saoz 	is to be realised. btfforsno00 
betvnt the station at despatahing office macbins  
charect ristia coul4 cause co sidardble deviation fv m 
the apt as machine outputs. 

The G.S.. Autcmattc d npatc}hing qratea eeabines 
the computer controller functions with the avetma control. 
Dot the computer conger motion and the yin 
contra e i' are s ctmplited over a single channel to each 
station. 

r 	s . M • 	•,i r 	•. 	n• 	• 	~r 	t 	. n: n a 

despatching equipment Is toed in fig.419. There are 
tw +diftemnes between the arrongtent of equipment 
ccnpnsd to figure l.8.. First the coat unit is driven 
directly ens the -cte inf ottation (Ti. Line eM frequency 
deviation) eM second the function generators for each 
mrhl an not 34%'bd in the stations ra.tinatse the 
du$icaton of equipment and the problem of sceumtely 
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rapreoefltng the macbins I=recent4 curves at the 
dnp*tttdng office so well an at otations. The ttrano. 
mission loss pen4tr c &ut/r port on I9 wrhanged and 
still essputan penAity fecbra for each eta ton. these 
penattr fg bn no used in the a manner an bebn 
to codify 'the cost soon by► to stations* 

1si6 Aut at&o Despatching !`iyston, 
{A ` 	en.coI1L l@ } 
Pig. t .10 tows the components of G.E. cut atia 

load despatching syatem installed, at Kansas Furor & Light 
Co., IT. 0. A. 

A cei*pu ber-comer sitU not only regulate the 
uyetem generates to mat..o'l the changes in load but also 
allocate Mean o angeo In most scoaomical mgr. The 
0.1!. *zntomatin dssgatch ng ercsta in woteh a device. Ibis 

aVsta cct roes the Turn tone of load-frequency control 
and ecorzio loading of gone .tom units on an Incremental 
coat basis. The control performs the rout ne and 

ietitivo fwiotians that elimhmte The need for detoiled 
ld2ding vehaies and requires a minimtri attention from 
despatcher rand station operators. The system uses 
load fnequotuy control equUment e,s a basic building 'block 
to  itfeh can be added economic i mn uen l loading 
egaIpcemt and transaisdan lose loading equipment as 
they are needed. 

The caefbinatlon of abov, three blacks tom a a 
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Oajuter controller rich will autzm ticallv regulate 
4 . l A.  	i.. 	w f 	A 

operate the %retam at to latset possible coot 

The contsofler block at the left of the drtrdn` 
t. 	.:. afl.t ,.. 	... .,.: .. 

a rate of upto 100 per cent of capaci. pot mite. 
Of tours. it .s/poscihie to ins nttseouolj novo a -
naeh#ni ton than opprozimatsty 15 per cent i i tns 
its operating point due to the limitations of the 
bedlam a d the tuibins itself. Therefore the pYoport-
irnm . contxtf er ban stop* tch 21mits the anion of 
c2anze it can nquiro tmn the oten. 	reset 
contrefler bus a dower müzlrnn sate of 5% Per rnitnut. 
and it in not limited as to the mkt of capacity it 
a mrtn. ibto that the two signals an the Corbined 
into QUO controt si grnl. 	#h to then set to the stations. 

Pig. 1612 sous the cSstnes out put of the roust 
snd proportional controllers. The proportionai. contnslir 
(sun. B) re~poxids °fir " rapidly to wipe out the area 
tettuirenent atgntt. The reset action (sun. &) tons 
along a such slower rate. Their combined action remfl.ts 
in correcting the area requirement as rapidly as to 
characteristics of machines wilt permit. The slop. or sum 
f win. va ttt the_ sits of Va requtreent signAls that 



L.. 	
66 

. _p . K .it.  

bi t. y r ✓• 	ry a i 	a t 	r 	a• x+ 	f~ 	a' 	c s' . q.. a 
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• Y 	♦- 	i 

• • > M L n 	• •i R' IM=mt&l • i . 	4r t Z aJ 

sThi 	N~f 	f * • i < 	i• 	/i .. • Y r 	f1 

• Y 	4 	f• 	/ "•y 	Y• 1 3 7 7• ISf• L 	 • R •e i♦ t♦ 

cwrwr 
f S "F - 	11 :• 	1 flijrn flt. a.rh1hir3 rjr.  

the pool totted by the . wito nec:tea arso to to mat 
the serooral areas as one area. This aiteniflivo involves 
to use at a c ntali esd coputer to o cone the per. toxtied 
by to area. This computer null require trio4edgs 
of rn plant leading and oxtvxial and inteuazl flows 
and the cants 	,y'st vouid require a control ahann+l 
to ssh plant. 

Another opp mach ru.tt Involve applica.on of 
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a taiatic deepfltit 	tsz to the Sndivtdint arena 
vith neane of detotirdnc au 	t ,ealZy' the oconomie 
3n' rehoVo be en the areas. Each are vould require 
a knoo4e4 of the plant loads in the area aM lbs 
intreonnemtt.on Stows out of to tutu In addSt&on to 
control Information institeting the area +i.# r to 
immune or dearo3rw Its dctSvei to the goof. The use 
of this de centraUUood pnzt will In a nnnber of ct m)c 
attar Uvortaint edvanbsgoa over the cent toad 

I. nocstaon in tolawteflne thonnol roiauituteuts. 

2. Fees of n,ajlor decontnhised ctcputor co*soiiera. 

3, fltsly avaaUubUitz' of infoxmattan for accomtIng 
bettem tea. 

1*. The ne#hoa pen its more ccctrto conalderatton of 
trontciizrnton iocsron. 

The above utvuxtages are non pronurtnd en 
^der of tie paints boWo n the azoas is 	.' 

~M 	fl 	•'. • 	'.•~ 	i 0. 	,♦ 	r~ 	r i 	t~ r ~I .'r 	• t 	4• 	s i 	I  

g3o%dna Drinolvle I •Jlon Ito increzental toot of 
doliverltg paver to 617 part. cular point In given cr0U 
of fttflt is the mete fxom au suroon, the power pool 
fbrito& by the ama is in onnmto E!ea,a.tatu2} 

4.18 t t3-area. lso iric Despatch CaeputOM 
A watt,am despatching czizutor oacu3plttee 



the foiloidng to c tieii are not previously under token 
by an sing .e tan deopatch ccerputora. 

i) Gail attars of acorcie inter change be en 

ii) Calculation of i tod tncrtental costs at 
bos riev for inter connection account. 

LU) Ca culation of 1.ncrcoontal costa of 'testing 
losseo. 

iv) Calculation of Moira over individual areas. 

?law Yoz t State flee trim and Us Corpontion have 
installed the maU-area computer in Syracuso, In York 
for the Sconatc operation of the above tvstcne. 
This coiater will be use for interconnection dears 
" rot am 

 
mugan )Wist, Dow York state Electric uM 

Gas and their Inter connoc tad neighbourern4 This 
watiarea derDateh ec Muter is based on the use of each 

• Individual area together with supplementary devices 
t I*h determine the eoonvcic interchange between areas 
and the flows over to Individual tie lines. 

The cultS.areu Econ nie despatch eon uten v 
do coo is a allocation of to generation in each area 
in Addition to the said duties. 

4.19 Southern ltcgional Power Systunsz 
The operation of Southern Regional Power Systims 

Using despathhSng co pute"e for apti n econc y is 
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IY. A 	 s s a _7 :  	a 	;w 	r 	i raw t 	a t A 

.tell ntort g,, tolodg ding art enentis y requt d 
for gyration of watess for opt 000nmV. 
Orrnniieadon twilitles zq,isea tSr 1044 dotpatcb 
•ahcao c a discus OCA in the neat Chapter,,. 



- 	-- 	 - 	- 
OurpT Mw; 

A 	 r OJrpjr Cp,E 

N C 	t 	\ 	A 
H 	4 A 	t 

Pt 

i fl 
1i5/MWri ; 

INCREMENTAL COST 
(RS/MWH ) 	

M AC -t'.F Nr 

YAC" NE N.I 

I 	I 

T MN 
;LOA) 

2 	) 	 - 

HG 41 

F34.2 OA )\ç A ElH 	-LVE\Aco 



_!40 

4 0 

	

.40 	

.4 

-- 

- 
.. 	• -.------.• 3 

	

50 	-- 

20 	-2 

20 Mi\. 

-- -60 - - 
to 

- 	4J 

30 	Ni 

43 NcL\nI&L  •r;,\.\, . L LL 



O 
H 

I 

O 

N 

0 

n4 

rC 

 

O 

Ito 
tiizo 

WXS 



PtA^71 	 I i Y r1 

1 

° I. 
t 

i 

FG 4-5 SYSTEM CONNECTSNG _TAO GEPNEk4'iNG PLANTS TO 
.QNF LOAD 

g 	x0-: 	,(~ ;fI} 

PIG. 4.5 TWO GENERATING PLANTS CONNECTED THROUGH 
AN ARBiTkARY NET*ORK TO ANY NUMBER OF LOADS 



if  

J 

1 	- s P,S!: r24-2G.4 

~PJ
' 

6o'. at 	- 	t 	f t 	 1 

	

~d ~a~e 	adlla~l 
a ~ 

..riolr - The Cot/'Acient B,i hvr 
ty¢lvC v ,b'e Th, c,. I ,t 

Shown 

Rer<r~I,Iy ' 
.SwYoh 	L T -_.. _.. 

r3 	 f t 2Pq 	2 Ps r; 	 7f -- - 
Bat 

1 	 oP7 

ael 	PvJt.,,,.q ,,,t 

60%gc 

FIG 4.7 SCHEMATIC DIAGkAM OF TWO SOJk'A PF ALTY 

AC'Ok COMPL, T f 



U 
p 
d O 
OH 
to 

fa P 

L4 
0 0  

00 
P 

O 

N 
O V] 
I7 O 

co H 
4-i 

r1 
H 
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'~  

10 20 50 40 50 60 
V"n,r. 4 ccondf 

a. Cbanyc is ycncratiOn due to Reret response 

b . change in gcnrratron due t0 Proporlrpnol responsc, 

Swt to Correct so of area Reya,rcr+ellt 

FIG 4.12.. COMbINEC OUTPUT Of RESET AND RROPORriONAL 
CONTROLLER 

Dispatching _ _[ 
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I: 	kr ra 1~ • ~ n • I ♦ s w- t y; 

[ 'J 	Y ,j 	t/ 1 3 	I 	f 	ah !  

EDt ' cz.r. ariJMflç.~i 

	

1 	♦i G 

If I I 	W rft a.• t 
 

•111 41 a ♦ t t I 	i 	ori• ) ✓per x 	MI 	Mr~Mi Il t 

focilit loe mh at apo©ch, telemotorjng0 tàleprintjng 
and tdss' ajj c. Erct vitally roquimd by the load 

,daapat hex. The tamafleatjon facuitjsa 3$u14 be 
provided on nenty I" rniialo basis so that tic load 
decpatahor wauld be in a poaiton to disebarge his 
ftmetLOns soothly and uunt&rrV*d ,.. Nearly 100% 
r .ittX. Cttmw4cfljo can to AC140n8 by pltflding 
cczznndcetton fbbijtjo on prkry em back u* basis. 

t its - 	---   

the back t nat Z provided on different route iul4 
b res6Ily avallabla to the despatcb,r enabling lila to 
oast his finicflcns nomn l,y. 

Pont lin, carrier isa is used for varlat r of 
ftattions utah as voice ec in cat ton;rela ing telo.. 
tetsthtj,

tole. 
 vjPG"ixt. cantmi, tOZOPrIntlag etc. Today 

povor live carrier is I ers ensable to to epormt;icr, 
of most pacer gataas t 

CENIUL {TIMRY 'JN{YERS►IY OF NOORREF 

Power line carder offoW mid 
and depend 4 ao ioatioa for load deopatrh ng. 
oarAer relays p*n[ts high mead cleaving of all tepee 



71 
of faul..to with on 3srea. In at& ili1p Xirtte and 
pertisaibte 1m b 1oirg. Caner provides ectucaior; 
ebmmeld for telwetor3 ►g of contthnous zpstn pnttcnion 
to despstQher for efficient tqutau ope ttrn. Cartier 
channels are used fbi ru3oto euporvicdon aid[ control 
of many is ortant nubs stations and for automatic loud 
control of numerous large generating units. 

Power utilities in India b.an till now nost.t3r 
aS parer line carrier for the above said purposes.. 
Though the power line cantor pr ved to be vatiofaotoxq 
and ecvna2cat,. they hao oertsxn Inherent Imitations 
each as foUo4ng 

1) ten the sigmas ban to pass through more tb* 
4 to 5urn sections, dependability of ea nmieation in 
very Web reduced since the aignala bo ore vook and 
no'.y.-. 

)the piobabili1v' of finding so to intomediate 
rcuitn qngnged#  inoroams as the tie line sections 

am more then 4 or 5, 

ration, becoseo increasing difficult as to notwo * 

tv) further se of the place3 are not cormaat 1, 
by paver Unn. 

Hants in the dnelop aunt of grid netw*s, the 
d for exploring alternative means of ccnmioatLon 
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baens races . 

A r er of powsr .'steno on to continent and In 
land Canada are mating ?ire of P and S facilities 

to a oon .d.rsble extent. In Pry t5r6tc about 6$ 
of the C 	aton lingo cccprises of P A T circuito, 
vhsress in Britt b grid the P and I oirouits cotprinoa 
*VOT 	of the 'tb it cc,nmwta'lon aircuits121 utilisation 
of P. L.C.C. and P WA T facilities in tanda, is a Very 
.cton feature in meter of countri t. 

In 3n&tu most of do cities are interooz cr l 
(or being connected) by coaxial cable with a aapaeit' of 
960 or more chwv%lAl2)by I and t authorities. Vaeb 
cbrntnd can socom~odats 18 sScbnnt*te for teonoters.ng, 

tesgsmailiug etc plans for thctghtion. of ticrc'vuve 
lint between for citiod as an alternative t ea.nS of 
cstran cation are oo for impUnnntation. 

The advantages of P and S facilities are as fauns 

i) Sines tnnsisston is trough undeegrowid coazit 
c as or tnit. micarowvvo lUStr., the art more reliable 

~•~_r)1 	1 sn 	' 	•.i 	fr ice. 'ii 	rlr : 3 	a 'r.: 	w# '•M. Tl ill'•. 	i 	~ t 

liable for "Various pbystaal disW xbanes.as 

U) Autantic transfer tnt could cabin to ii oyo 
iizsri and v1.snra 4s possible trner fault. occurs 
• f • 4. •) 	 i• •  	y~4plraa;.xcwitct k1{f. 	a 1♦ 	"a1 

rsc afltp4c4.. t •7.. s r . 	.a•ti1fl 

Under the above aiset*s nss it in do Stable 
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in tr]nasisd on pf bpuisec. By using bighty stale 
crystal osoi istors f r the trnsaittisd fnqusnoxos and 
ccn' ciondingy stho and b&fltiy M10OUTO 0troutto in the 
receivers, it Is poflitJo to place the zm* 4pa4c► frequencies 
vtthtn o.06 	each other in car or speotruea. 

• 

ac; 	s c  	e r 	a 	_Q a ra - 	a xs q f•Y 	- t7 fl; i 

Fill' a' 	> a s R 3 d 	fart' g3 a'f 	a♦ a ...*• 	d` 	sa^ + a..i r ai 

a s' 	i 	ar is 	n 	 1 	y• A 	+ 	+ 	a 	¢ n w 	r• } 

5sfi 	CanC' *er Telmmetorb*i 

are electrical quanti tee uanU kilontti4 ki are, 
tadeza#tre, star lent, tap positions and asu'v other 
can be t.leetrnd. The principle to gsnora233r based on 
converting the iadlastion to be tetametored Into pulses 
of a definite chtrttte; a vsriattan in the tetannstered 
gasxtitr being reflected ass variation in epee cheroot-
sstto of the t',rsnadttsd pulse. 
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trz3ntttttd At a CLYOn point, the nemerbly often consist 
of a dnAe fnqu moy tS.ft carrier trsinttitter 4th teXt 
contained so. pout, aipp3 	The carrier freptaz output 
of the tnnonitter to contxolled ditto' i..y by  ipn,et  
fortiaa Mortice vtich ahstt the -output bock and forth betiise  
the na* and *)W3* rnquenoion *0 Its cant is close ad 

At the receiving r*4 of a mtb a chennet a trIqnew7 
sfft receiver is nraed to receivo the Banter o gnat. The 
receiver operates a nla `tioh. In t n koys the ispuZse 
receiver, 

in application v'here more than 1 3 or tMve qun Cities 
are to be teleaotered fnnn a ewe point AisU&tateofldi 
It to ocran pac e® to ants audio tote tnnemtter units 
to modulate the char frequency signsl. Ono tone trequwq 
Is used for each telt rtered quantity and the canter van 
to left on conunnay. 

5, 5 Speech mat.. 
It is pntaflte to hater the fo lo' ng twpeo of 

express speech obamals between regional land despatobSrng 
station to a3n state load deenateb1ng stations eM fits 
stet. logs deatabing adore to important grid and 
pin,? stations. 

Chonae1. is The first category of the erpsese &umnet. 
tould bo provided with push button iype of calling 
toolli c. These channele could be ccod*t1ed In to 
P.LC. link. Bectuse put button facilitr no outside 
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Itovovør Pnn state loan deiateb1ng otr t4.an to 
.. t • 	w•x - 	•am• i s. t • b _ Y itasp,iaThr!  

printing cirnuit„ using P.L.C. Uts Z be sufficient 
eoneUoflng eenoncSal aopeets. 
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diacusn d in the Ch ,1tn 8. 

The 3.Ccato1. and the lwout8 of n 'tonat and stflo' 
to d decpatthita at3tions two dot I1n. the next tsp tee. 
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6*Yl 	The c esats to bo congido` e6 for location of state 

I r Tha load 4eJcpa t g station  diotad bce a ra1flU* 
E 	F •'•i j 	J { 	A { 	 yam 	at I 	S 	till. • 	J 	C 

the nstic t mAor Its eont'ot. Utilities In 'alit, Moody 
rotted on P.L.C. hit for ectrnmtcatton purpoaen cure to 

	

its *ca' 	and nhsebility, the oeonty occurs aroma 
tong tiistaes whne no tsl+ cne pities udot ,she t 
the povor der has to fot4 purpose, power oral orrn a t't,. 
ion. Thmsniosion **n øs are of ems abirdy constriction 
that t' rmnk next to imdnground cabiss Sn nhfabiliV. 
An sat it to pnfertte to 2b"to• the load detipairbing  
vta. an close to an important point of the net t s that 
P. L. C. C. fec33. tto n an n utly svattcsbl, to a l bx porian t 
points of the not vet, Vary often atob points are big 
load centres cud conaoq%mt .y ar be near a; big CUD' 
or industrial axes{ 

2, 100% reliable cammireetton is required for the load 

• u. ,0. e R {' f4 r { 	^ b- I~ 	{ 	• 	: J1J x i 	{ 	. 	♦ 	• e• 	6. 

1% H1 	!. J 	J 	i R R• i C I 	Y 	i f ~ J{ ♦ 	[{ .TYC  
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a S es 	n.~ 	t 1w • L (" 	yj TJ 	t1.t. S C a+ x . 'r kTi I~' s 
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statistical SI y • r'.s ► J 7 	 S+r M • ,z;Ya,4t' 

BoardFLr.jjl 	 cf •Y A h r 

1} 	and 	liL. Ii Si 1! 	L} A 	 1 1 1 	•• 	♦• ♦ f 	nf1 

• la i n.' 	')t 	1 5 	• • 1 1• T ♦ • 	Y 	N♦ 

noitmUy bo located at a glass vh*n one of the state 
load dotgatchlng station of the raglan o sts. The 
prinarg 'dent for beating the regional load 
dompatcbizg ot'aiton 3s the ninSrnr east of the qcaauth
cat on fiscU ttas to be ostabtisbed botweot t glom 
load d.tpata1nø etatSc and state load do4rntabing  

atat ons in the region ad well as with the 3ttioaat 
Zsnd Dcpatchthg statian. Dssidos, the Xoceetton 
of regional lomd despatching station i 	be nonaai1' 
situatedd In the centre of 1ho region. 

6.3 	Area De,ajt]thig statims' 

An the net*Va t develops and became more coat nor* 
complex ow state load devpatahing station alms na 
not be ad ttuata' for disoharging the fimtttona et oaths'$ 
and It becomes n.o.sst to p2wido czar* desp*'tebing 
stations one for erich veil defined area #Id the ,! za of 
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the ststo lard de atthW station wisid Vhon guide tee! 
000rdinato tho ectivitios at The area doepatching statione 
In. tho Mts mid aim control certain i*portcnt points 
of the arm. 

United Klngdan hnd two tier control of esxstl► 
(La. Nat onat and Ares control). In cider to eope'tiis 
the zcid].y incflssir operational Davbles due to fast 

efl.uxting of power ss►steo 3 tier control has been 
inUodtted t16) (3rd tier at districts). Each area yin have  

2 or 3 district control eantreo to be roapomsablo for 
132 Ito watts and associated genontiofl. Swat In India 
number of area esspatching centres as required. wAor the 
control of state You5 despatching station for efficient 

operation of poorer 'at ens 

6.4 

 

flegional De aching fitattons 	( . 

The regional. despatching station in etch region viii 
coordinate the generation progrs.ci•,a dram by the 
conatituttt state deapatcMng stations in is interest of 
tho region an a tole # a+ae rS.ng in flew the suzplWW/`dofaits 
in oaeb nyntsn sod ovaii4blc intsr.-stats tnnttitinlon 
faci hies,. The regional lot dsupatchivg station will 
alto hale state load dsrcatcM ag'stations in solving 
Interstate power problems nob as paver rates for inter• 
state sxo 	m .t4' It vsU foxtm4sto broad policies to 
be followed !4r load despatching end gs'tew control, and 
will rsatov and ft 	fun tin to time the tecbnI4nes 
of load. forecacting cM data caUsotiaa for the rtgton. 
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off line canstsr *to• 
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nasneen, Whoduling etaft, cceiputn 
.. 	w., ::•.. 	1 	.,. 

otatt, teleprinter qp.nbr etc. 

J•fl rfl1A 	 I i4 	I 	a 	• 	R 4 { [ [ 1 	I♦ :. •i r4 

i rJ ' I!9  it  P' • •{' 4 1 

The 1 mt of €3aut om nCWma de atchSng 
statoniotmmiLn !ho a tibit 6.1. 
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The ntber of quantitiess to be tele!tetmred tou1d 
be restricted to the D3l1x11a possible. The following 
tdlt6astu- t11 119 UCR14 y012E1'aLly miffIce. 

1.) Total generation of all generating stations 
(Th4 and MVW)- 
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U) Mv and MVAr floes of Important grid Brae s 
inter otst,s/ustessrngiond ISnon. 

iii) Voltog s at Important points of #ht netwzQ. 

£lnflat'lyr fetsatendUins aw be GotStod to the n4n 

grid :.inf thterstate lint circuit broil ,r positions and 
tv pocitt= of larportzo tr=*f6 ffiflrt. 

Rocosding inatnmta ssh as rtrsts froquarsy, total 
output of genentoru, flows In tato unto,. etc. turfl also 
be pxavlktbdo 

For ke sing a iateh air !at froQua e3 , stczrylArd 
tr gtsney etys . otntzUOrd g 'tentor or a battery operated 
astr~ icaii clock a7 be pro at the dezfl ato 
station. Assoejatod with either of hoc. is a ditferuiti4 
aloft tch aoas2res the ctttferenea between to vrnbxotu5 
tfto (operated by the rst f uonei) nM the stag to 
(ostTons4cat) tta. 

6,7 	Stato Lead Despatzthing &ttSon  

Thu state load detratahiag station vli curve as the 

••t 	• 	• 	r 	f}• v b + •• i 	a•' 	- set i' Wib kt ra: 

''a i uA• 	rtsr,1 lctI:rr •Hn. a .. 	ym r, a • I s 	n♦ s 
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dsspate'h r tsfl be tocbsrgo Of the aystei duttng bit Shrift 

E ,11 1 .oak eater to f Eating ioxke.4 

1) Contra]. of generation to adhn to the genoratton 
eehadu] as elasétg.' 	 - 

2) Conti, or frequoWj: )bintdning syottua f*oquotey 
within the limits by atttle Chan es in ganorat A/1008u 

3) Data noordixgi vi3U collect each toohnt,st data 
tteh axe tnt tekmutand fim the •SFmrlmia poi ME of the 
not4nt, xoaotves tctupbøno/tsiOpdntor messages on woe 
a ,•k t•c~tiona In n1nt clingnn Erna !1lte to tom. 

1) tToltgo lovclue 	m .main voltage lcvotc 
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:mi R a 	-r s• 	+ 	• 's 	we x 	s ! ' a 	:•♦ 	i 	• L 	•f 	!' i 	I+ 

t .• 	7tgi 	t` 	Y 	h 	4 V 	.S s.< 	 V r•1 	L. 

i C i: S• L Gl• 	/ 	f 	I0: t 	Y 	Y i Y 	f • 	f s 	♦ 	' L 

Y 	Y I 	ry - 	[ i 	Y •Y 	L 	1 ri 	Y• S 	t 	5 •! R 	Ys 

r ,1 	 C 	Y ' 	Y• 	ry 5 	f: to nya 	• . 	Yl s 	L t s k ♦ 	} .... 

1 	ç.) p,1f ri { rmflri.y i 	L Tr, 	• •Y 1fr • 	• i 	♦ ,.f 	LI 

'it' • 	L 	4f  	: 	IL ! 	1Y 

K [r r1pIp!nrpk.1 	N•rnft . r•. 	r• Y 

S♦ 	H11 	+ e L11 A 	rh 	i t NYC• 	:! • 	q 	s'L 	h j .. 	9 J • 	i 

progrd=e-• L 	k b t i• 	u s• t xa n t1 

• ' - 	Y f 	1 	• 	v r 	• 	♦ 	Yt , a 	Yt Y, 	r L 	fY a 

♦ +i 	~nx Y ,~. 	Is 	s cc. f G •. r Y yfl I 	a 1 t 0 Ytl •' 



~.. 	
88 

cbedulo to various poi r atattofs ono day in edvnnae. 
thief toad Vetpatehers go wUl be In over nl obarge 
of the atatj,ocns and he nun be very fmafltnr 4th the 
load despatch tochnl4um Hit qua? if a rttons and duties 
are ao f*vs: 

. ,t h $n intimate I=iAQtige of canvnt watt dowatx h. 
arid. operating teo1 niqucc, 1.i) Cwabl o t t t ocp zj 
threast of awelopoents In t o t ctld of puor cyst= 
operstcn and of agxs w advanott apo.atSng tctn1 Ufl. 
3i.) Poanese a 1402 kn .c&e of adnin.otra ivo sbii# /. 

Duties anti RwponctbilitSes: 

iii) To 000nanita energy contracts and agr owants 
A% vatnr rupply authorities end other fuel cuppliors 
or otbor pomo3rimda tho m' aetuafly hrntln the contract 
F -• i . N e { 

iii ) To datsmtne 20 careoncy pnooduJe policies 

ttb include the action to be ' ton if tho watts limits 
aro ezcoo+doa. 

IV) To LOOP lho zxtatcnent nix: pitlic r lationa 

v) Lta..'1ion Orfitor with tnttnsco1'nC tod utiliteo 
'e 'r ♦r 1 	r 	. 	ra ♦ 1 A 	i 	r 	_— • 	t 

• if 	iM 	a . •  	♦ 7• 	iU'. 	I• N 	♦ 	i p R v • 	t 
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7.2 Q.O.A. 

There is a tmond us boost in. generation sM 
0011maption elate 10 years In tT*.8.A. Generation oepabUSt► 
was 222,00 N!w in '963, 312,000 My in 190 and 01,600 *fiO 
at the and of 1972. Power Saraflon during 1972 was 1767 

I. 19'2, the load growth In tLC.A. outstripped the 
*IWtriaoj. utilii es obitiW tt add to the q's a cupaaitq. 
Wc thau b the U ,Lities menag.d to put a record 31+,I1 Xv 
of t*v grating ea wlt in service by the and of 1971, 
to seer peak load, vaa 322,hoo Xv (during 1972) and tie 
providing 0 rearrve Margin of 19.6%. Gttraoting tfln.. This 
eparett, the 6% or ens that power d®spatehoro used for 

I 
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adjuatht$ voltage tents end power flaws$, it left only 
136&,4] (apt 	reessve) to over c s the gantion outages. 

The total. ponaet conmtption In U.S S. vi11 grow 

9' to 9 per *ant each year at leas through the rest of 
1970's wcording to the Ueotrical Wos s 23rd Annual 
Tlsotrical titluatty foncant' Load growth to an extent 
of 30,000 V.v or more to snaipatod. in .zvth yo ar. Items 
to eleetrio4 utilities will hays to put mwasd of 
K?p!00O ?Tor of now generation oepabilily on line each year 
to achieve ears fiat. more resent margin ton the load 

$south. 

Far apenttnc purpo a the national paver nsti nQ 
in the t?.B.A is divided into dx major region Inter. 
cotmeotM grti,s (a detatZe4 bolo ~) (18)eadh grotp  

cotipfloing a mbar of utiLiU.eo intoltonbvctod with 
ene  another. 

1. Caned an. IThited Staten, Eastern Interconnection. 
2• P,:, IL int n oo ecltioa. 
3. Intel-connfklted,atee group,, Central aM 

South atlantic. vitas. 
I, bbrtb-vent rover pool. 

Pscitio aou%.voxt parer pool, 
. 'Toms Snter.co7 tIon. 

The co'ortlnation of operation rang n sbors within 

a XflIZnel ifteflO?**oted grOdp mates varies fit  
an xntbrmat day' to dad barter to a hi*i,17 sophisticated  

contracts agraanant. the various utilities have 
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gonernuy adopted. to ti-s 1mb. load bias contzal 1bs 
pttota of E I7Ottt rsgulat$on. 

Most of the gystaao were fon*z4y equipped vi#h 
i'Titkir4V4 a 	a. 	♦ • oti• • e .p♦ s 	 x 	h• a 	.y 

k. 	 - 	• 	• by x 	 a _ 	~3-• 	. f 	•r 	♦ a 

the a) 	• ,ta 	• 	i 	♦:• 	digital •'+a a +x - 

• •W 11rI\*Ti112ujS4 giT.ç4.fl ri 	r 	 . r :• e 

•13 	Fein .Q 

Prime to the at fl loading ,mat Europoan cauntty 
as far power generation and tsanagrent Is comer+nod.. 
footrtcits do Pratt. is a1 ds abreast 4th the rodent 
trndo eid axa=h uzd devDkpt t%.. In 1967 oawaaifr 
of thorent and nuclear stations meoded 15850 NV and 
of 1dd thstalations needed 13,710 flut. The pot s. 
toad van 19500 M090 

Prance is cotmocted with +alsoat ail thq odjoining  

to the oontt'actiat obligations. 

Great Dritain: Connected %vough a 220 Kv.d.c. 
mlzariva coble and flame implies 
about 150 Mw. 

Be giin 	tnteteormeoUon at 22 Kv. 
1Gwr~rrbou* 	Tnoxctomcoctt n at 225 Kr. 
West Gs 	Zgttaxeornnootion at 225 KV, 
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t 	trns .anM Xntemoxmoetton at 225 Xv. 
Itch Iutaznoi etion at 225 Kt. 
Spann XfltStCQ2mOCtiOfl at 225 Kv. 

Fie bat adof ted integral #vp* load regitamr 
rogdmttcsi. both tnquomy and tie line load 4cfl bona 
an intvgfate. It is norn4ly* ca1ec load phas nrar 
regula l.o i. (level control). 

IfljflflT.1jfljTgfl ax w • t t.. x 	f 	r . 1 

r,: ~a Y • 	t.} • u 11' aEtIrfltnATS fl F4!) nil i. :. jfl.T 

a-[ a 4 • 	 r 	[.t 	 Jflça[h 

s r c a - •• 	 Y,1 t 	K ~1 • 1 	•% 	1 c 	t 	•y 	t 	n s 

i 'M f : • generating stationsYH} w.rbwirri a .yi i.t 

them an two• computers Inotatlod in the central  

load dnspa'tebiz station. ch* ecrt►utor Is used for the 
pruparati on of p mjj - a its molaitatian and helps is 
detemining the goti eoMM.uttorie and xcstcczla moo*itng. 
The ass  coMuter sad es the values acluefly being 
received in every 10 ceconde and tbais keeps in the 
suveilliawe of the lies or the netvoit an a continuous 



baste. The ont re +c' to revived Is M oon` umisly int 
the rotor aM flch belpo to adze to. docia3ons repSd].y. 
in aaSO of the latter cazutor moo out of otter the 

Itufliattons an aUta1ttez33117 t41 t into the fbrrser 
eottputsr, ontt3xig off the uiant fia t* In pxogrc oo) 

n ~1rc tprrkrbcw2 a a-• 	F e .- 	°F ,17, N •HI 	• P J• 	/ 

fn uemy vi thin the llm:.tp,' 

7s 1'tbdtt flngd5n. 

There an 'lain pittiplo orgtmtaationa eont2LL't O rg 
the power sqppl1y In Tsäigistd, Swtand aM Wales. Central 
]loctrtoit' omerattzzg Hoard (CEGD) is the Znzost onjanta' 
stton having a cscttr of 5o,o66 mv(20) nd The io4znn 
vinter pnB d*and of  37,flS No (diixinG 1969). It eaten 
the Vwle Zbglrm8 and '1aloa, Ocottand bustwo organizations 
pJs. South of tcolcnd fleetri tty Beard (t.S.Z.D.) and 
I rt ; of Sea 'mod 1szt-za.octflctt Board (11. ,U,E.n, 

anting G3ptuttisa of $215 My and 1816. l:~r raspoc l.ra'Yy 
(1969). flat tt o line tr nafor of *over %dthmt WVV bias 
R ra 	N { 	?I ..i . { 'I O 11 	• W. ! J I  

agresrrt through tie line transfer. 

CIOLt is the largest or~nnisat on. It ha got 230 
soar stations with over 1000 gecenting wilts ant very 
.large tranatadon nutiant with voltaoa 132. 2 5 and 
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Xv. "Lhio to to largest tIatua in the vo2Ld undor 

united oontral. 

C1 to divided Into? areas for operation contort. 
'fact area has a grid control centre thiclz coon 1inatoo its 
taetivltioo uith the national. control in Trndon. In each 
grid control (area control )$ here is toa0 dassatching 
Centro tMch proparaa the dtund for the area four hour: 
boforo the time (on the basis of wasthora  praviouo 
roquiraaont, gonorst coiditior_a ate) and finaliao the 
merit ardor list (in to order of incr ientcl cost of fuel. 
par Pitt). 1bt more than 3  of the occaaiona,, the ost rated 
load amid vcu by con + 2.L.plants nciectod must moot 
the arca do~ond plus to achodulod, sport and to axoas 
ztlnro of z taat spinning rouexvo capacittr. The tvarago 
fuel cootmad from tho merit lint trill be sent to to 
Mt-!-c m. cobtst tore those ore tc inod. 3bttional 
doca at ljing station roccivea nchoduloa for all arose asn2 
flaatiap 'the ot1xrnza transfers losing in fey to security 
of trait lines (275 oni boo tv) %bon the inter area 
transfers are comicated to  tho areas by the Iationat 
Control, the areas Issue Instructions in turn to tie 
©titions about plant 2aadina two hours In advance. Via 
tot: process is repeated ovory 4 bourn. 

Cyaten froqueny is controlled by the Grid control 
stetson areas and tho Scotith Boards applying bias to the 
instructed trap-tars. Proo cnormr u t on of the 
¢enorrattnc capacity is por ittod. Eocorda=P contral in 
provided nanoafy by 7 area controls by frtinonc bifa 
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coptitr and gas #uibines ant the pots load detaMs. 
Pard.c ady the tbaor oat be browfttt b full lord 
in less than one S.mts. 

Gczipu`orc at Rational. dospai thg station dete r-
cdnoa the pattern of loath+, aM t3* tran•zfcru at oath - 

0 rV a** 27 tv snob-vtattorw. It alx caioulates 
the povor flan with crerd ©ombtint on of 21noe in aM 
out of sonaq sort of c:u.t leve of nob sub-cation 
An each cattnatton to also taw* out. 

The rngalation or tbs watua fxequmx r r nab. 
contact,. 34 stated to be quite catiefool*V%' 	cr 
treqneg roles an bating ina afed trowjh out the t 'atet 
at 	3.y' points to area 'Board3. The r gqfl are preHsior a 
set to trip 2~"$ of the load at .5 oyelea/seo and frtier 
20% at b8 ayclns/sac. 2̀ 

?.5 1L5.G.R. 
The '.8.833 p*wr zrste to divided Into six onero 

titan viz. LW. aM vest sttn 2) Ztxzopnl g'ctea►p 
3) Central Asia iyote 4) .ass hetin woteh 5) Caucasian 
vets' and 6) Central Merin q'etre►. All these gpetes 
aro tht rcomi"tard moldng it possible to operate the 
power 'atems 131 most ecom deal ssmn and in particular 
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to t to adnntag of the tine diffC co bOtWeS fitberit 
anti the tunpern past of V c'.80R. 

1 s 	x+ 	ay n rte • s 	• 	s •• 	r• w- ~ 	' yY • - 	ire 	1 

!Y • 	Ik '! 1 r ♦ f •a 1 	f k M 	♦ IM 0 xitat 

r 	. 	• 	-r r ro 	ra K / r 	.r :'I • - 	a 	r. 	a 	• 	a • s 

r 	:.! na 	arcrx a - r 	: 	ew 

• G3rate the stationcspnott es ora very Zaige, 
t quamey mgtsiatton does rot pose a problem* Each 
watt. participates in to regulation of frujyeney. 
Ti g nat'tstse lbrdol M&Um s It urapoan 	has 
been found sufftc cnt ' s cope wit to rogulatdng &t', 

s 	f A 	r 	a - 	o.f 	t -♦ 	t. 	a 	. 	a 	t - 	•, 	.rte s 

tC.lJM4 titShi.3 1 	a : na a 	e! els - 	• 	gA a - 	r .~ x s 

s n i f e f 	r 	 h f 	• !r x 	t 	as 	x=r 	♦ 	r a 

1 • a 	!1 .pq 	.arijjrp Y' 	i •a.• • M1 	O • 	0 
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The Stein Regional feotstc,jty Boar, or pricing 
the 8tatos of Karnataka,, Antlhl Pradesh, terala and Tcnil 

flats cum to union tonttory of to Pondichorf was toxic; 
in July 198k. The integrated operation of the Southern 
Regionat and as veil as the South*= regional interim 
load despatohing atadion%za inangaratect on 1*UI August 
1972# on to we of the 411vor Jubilee of our XMcrpendonee. 
Thaw two events to the Southern region have bsen described 
as a lard nano in the blstory of power development in 
to country tieh paved the way' for all India grid. The 
Integratedopemtton of the four pear grids in the 
rogion bn,ught a n bar of techn ieni and:.saono ztc benefits 
% of the ootxstitnents apar fI increasing than elt.tsb- 
Sh ip of power shy in the region as a tote. 

$ 2 motions of the Board. 

The futtone assigned. to the Southern regional 
font are as fo lloni 

1. ReviewIng the progress of dever2opment athense 
in the re 	: 

2. Planning and enrsmzfing integrated operation of 
the power sprstszo in the region in eu h a manner 
that nrc' ti*e total count of eleotricitp 
generated and tranaoittea dvll give the 
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3. Preparation. of a coor mated or"3 . W 
naintmMve pzog ?6 for to gononting plants 
in the region: 

4. Detorninlng the conerntlon aehodulea to be 
fo11oid by the contitaant a rvtra. 

5. Teton the quantum of power available for 
onhanga frafl time to t.ne betwoo the States 
over aM above requi.raen't of each state. 

6. Doto=UAIg a mAtabla tars f otructuro to 
groom azohmXv of paver 4thirt the sgton.' 

7. Consideration of Lam other relevant matter for 

npprc rrt ato . c tlon token } roon. 

1 	` i 3 	f'o x N NN ii 	w 	1 s M i flTh • x 

8.J Tnstoflod Cap& iV. 
The ino#afl@d Capz' ► of the Consttt#ent systems 

and the region as a tab a u t and of IV fan (and of 19734%a) 
given below. 

st Install6d aizac t'y in 1 r (mid of 4973-71+) 

Elm Thormat Total 

1Saxt~ta~tt 966.6 - 966.6 
Anmrm Prudedh 268:0 hon. 5 670.5 
Kotula 621.5 - 021.5 
?!mil N -1224.0 1030.0 ' 	b 

Bogion. 	 3080.1 	142.5 	W12,6 



too 
The details of bydro rmd tonal otatione, ntbor 

end sit* of units ot. are Sboun in the nmozun4. 'There 

an 35 Hydra floe trio Otations 4th an lnataflo4 capoaitt 
of 3081.1 ihw and 9 thermal stations inalt*ing 1.o~veli, 
Wit on inøtalled czipaoitV of 14x32.5 1=v, thus bringing 
the total cepaaita of 4512.$ lhr. in the region at the end 

of TV Plate. The demands in Tho region are increasing 
x idly and In fact over striping the available oayonit.' 
This is likely to be continued for n mber of years to ,case, 
The integrated operation vuld therefore enable for 
utilisation of available generation move ecaxrrtcally. 
A grid map of the Cout ern Region showing the existing 
transmission schemes and those under areotion during the 
1V Plan period i o toim in the as bibitml . 

The details of Hydro and thermal stations which are 
under construction axe osrooted to be cccnieaionod during 
the V Plan are shown in to dmeeruro•2. The total 
installed eapacilp in the region will be order of 872.5 
fly by the and of V Plan. 

MI It~2 shows the grovth of installed generating 
czr,aoity both I~rdro and Tborm l in the reglon. The 
installed aapacitr Lich vaa 1!80 ter during the year 
1963sG+ htu3 been increased to teI3 flu at to end of N flan 
thus an increase of more than 2.8 t nes for the past 
10 years. The +e ibito sits the Otatewiso instnUed 
capacitor both Hydro ors Thoitat during the ton .poibd. 
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s• s n tcz1aY• i a V• • • povora.p7t3iS caii.•• 	v 

y 	n. q a' • r 	+a 	r a 	a = f I f 	 f 	f O i 

r+;i 	: 1 	x • 	s ,irr.t! / 	r• .. r : 	a fa.• 

v, t a • is 	't 	 : x 	< 	• W 	+ . it 	 t A t 	f• 	pay ♦ ♦ • x 

±0. 	r • 	• Ht t• 	+1a 	t 

r ..# • •caflr7• • • ♦ : 	1 • a w x r. x' ~ - 	c 	! a 

s s • t 	1 tf ♦ t f 1 M i ♦T fltai iep.z4TkbE tIf 

• iFfl 	 •1 	jA Y 

8+3..2 Ozovth of Groan GQaontton. 

hbit•* :howo to grwt of gross generation both 
hydro aM, thg'xtaat in the region. The tots , gonorati.on 
*4th was MM rail .ion units during the year 1963*84 baa 
been Iancreaned to 17*405 million unite nt the end of 
19734*, that an ineroase of more than 2.6 been for a 
period of 10 fir. The growth of generation on Stato-de 
basic in thoim In the exhibit -S. 

s. I .. 	power aa' • 	s. r• e 	1 	•I 	- .•d s 	f 	E f 	•~. 

t 	• 	Y1 	') tt 	 x rT -d1 1 t :• E x 	f 
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Otatoo 	 floflr roquhltIcalt aosensod in 
I1 tzn&ty. 

ThdofV Via n 	Did of VI Plon, 

rarnat&& 	 8760 	13,800  

Andhra Prado `i 	6810 	12#000 

ttorutra 	 3'53 	 6,050 
' nil. flaOi 	1183 	18,300 

loØtcfl 	 311Q8 _ 	_ #5o _ __ 

• 4r,.• 7 +x.r 	1 s w tef r 

The peat dcnrnd of the constituent povor cyst o 
and ' ►o region au a 	oat to ad of IV f,Wx (1973 ) 
are given botous 

Kati ca 	 738 fly.. 

Andhn Pr ct 	Se3 i?v. 
Karam 	 j I%rt. 
Tamil flMu 	1331 M. 
region 	 a) 3173 (scgroato aka 

'b) 2890 (coincident dazand) 

i to i 	 and !Y[i 	i 	• S~ .t 	rt t 	1 'I M ~H ♦ i.i t.• d 

• h 	a w r 	♦ t • 	xy a ': -4phT S. 	o f • t s> 'c 

a t i • 	` 	d 	s [ tI 4s e s•a 	• s s 	t x•r 	.i N.• t 	Mr f f 
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2.6 ties for *s ZaUt 10 y .rso 

The anotpatod Pock detrain of the constituent 1zwutsno 
f1 1 	, t# t♦ S J b 	f i 1 	M i S: • Y 	t j' t,•a  ciii  

is 	• t i T 6 T • 	•S b 	/ 3 	Y/ 1 yil.l t. 	e 	T 	• -p{f 

• .M:M 	i♦ 	1 	i 	t -  • c I 	) 1. 

	

- 	 cu 11cnonl in J-♦w. 

of V flats 197.79 1 't&. of 
	I 1, 

1375 2185 

1270 2210 

71'4 1130 

2231  
rw 

flegion 	 8930 

Thus trondous land gztvth Is anticipated during 
V cut VI Flan poflvdo in the region. 

B. 3.4 Per Omits Commnpt tons 

ITS tho a 	ro-1a it to seen that the per !capita 
conzwxptot. of Karnatdsc, Mdbrn Pradothg. Lard a aW 

att  a r t 	b f 	T• 

it?, t+9, 76, aM 113  (unito Per yortn per omn a) 

respoctive];y at to end of 1972.73• The pot capita 
eonsm pton rich is a asoaouro ocomcical dovolopio nt of 
as cotmtiy, tbays tat tort, is rant t1eVt10 flOOnt In the 
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6. 	Rogona on Stato. load DoapatcY t Otationo. 

The otato lord doatcb1ng station at Ka aosef► 
in ISan.a atato to aXroady tatonn5Tho state load 
dosriatcht g station building at Danga .oro for oast ua 
Is co~lot od and tic equipments are under oroction. The 
otato load docpatoldmg stations dot TES ISdu and 
&rTra Pradcnti an p1 posod.. at flndrao said 'F' or ad 
ro poctivolye fowver 	old doapatchina otattons 
have boon ootablidud in Argo. Pratte art Trait Auto 
wotco 	h are fnnatoning at Ito 1 idan a 9 trxlo 
xtspoottvoly. To 000rdtnnto the otstSvitios of these 
four doiat hint st t cmo• and to kg 1c aront the integrated 
operation of the rcgUnat avid ;gctcr It vao pmposod to 
sot vp rogionnl load doc nttehbg otalton at nogalon. The  

bu ldtnj for rogional load donpatcbbing ott&on is nov 
wri r. conotnstton at flcmcatoro Ponding aobbliclum nt 
of a pomancit nit u7. loDd do.ej,athbing station. Bch 
i ould tdl o 2 to 3 Year trine, an lntor5a regional load 
docpatching station to found nocoocaaq for cxoth and 
economical ogontton of the oouthorn racloual c 

Tho intocratod operation of trjuthom roglona7. and 
no well as wut ►ern regional interim load dotpatebing 
station was inaugurated on 14th tamest 1972, Tho rowionat 
grid has ben c oxatn cuecooat lly and aoonoaicriJy. 
Tho 3ntorla regional. 'Load docpatc%ing station in funattorr. 
in at wuthcm maiona flco:tfleitr Boaxd #a ofi`teo in 



ins 
mare, 
84 	Intoi~r.Ctate and tntor roe onal Linooe 

The dotnita of Intorotato ar4 intor regional linen 
%hich arcs in atiataneo arc thtm In the onnauro-5. we* 
linen arc found to ztto boyiatScitl for rtliability e Q 
ocornzr f e 2anjeo built the of too CM botaioen lealonor 

Tho first intor-cormeetton vas es"Ildh d been 
Iturnata':u at TzU 8adu in Ibvember 1965. Tba second uno 
botuocri Lorola ad T=11 to a zto'tma tnt CabzurigLri to 
yndhurni In Doembev 1968. The third wan txi. tai.  Muni inbrsd to 
ltnpi intoivonaeing i:aznatalca and 'Mhro Pradoth wan 
sot blidzod In ttms 1969 and the tbrth butwrai Tazfl Vb4a 
and AnMra Pndot botwmn Triwvtita And t ttoo7r in 
April190, 

Tho first inter-regional line. vas ettcbltihod. 
betwcn ruttxorn end voatczt region tray Belcm D (in 
Earz t a) to Itomtgnzr (in t.a3sonu htr) in April i90' 
The 2rd intar.rogitnal limr war oat lichvd botwom 
Sautom region eM Eaotom rc ton cyotorsa from tlgsp®r 
C1,2oxv (Sn bra Pradsi) to ice. .clu (In Orrissa) 
in iuMiot 1973. AU this tvo inte 	cttono are et 
220 ,'£y 2ovc.: 

I< E•' S 	{ T 	1 t 	• r 	Ir d { t 	i♦ 	8 	 3 

e [• ♦ . 	• 	r • .,.pt :,p4Z%1se flpjajcai 

The Inter stato l'#noo %bie2l an wrier con5tncUan  
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an9 expected to be completed 8nrinc V Plan are no follovat 

1. 220 I{a. C. C. 'I : ts0oo p' Jane 	126 
(Kamatol m-Andhra Prodo&s) 

2. 220 L v. S.C. Er=ro 4Toloro 	 176 
(Trail Tartu. Antra) 

3. 220 Kv S.C. Pfla- Ra5athcr 	13 
(EtoraLO-TM3i1. %ft ) 

i. 220 N.V. S.C. 1d32&i• T'aon 	 365 

(1Co1310- Karnataka) 

vi h the abova lino it in ponoible to opoisto to powor 
ryotcros Sri the aouthett ragion on. an Stater-cornoo 
bats by oxenoriging the oconoty power botveen the 
Dtctes.-Tor integr3tod. operation of to region s►zffcient 
itttOr.ot do linen are to be aotbflthecl In order to have 
free power flow in the inton-oonnoc tad lines. It in 

;Cost d that aouthoxn regional foetrtci.iw roasd ck,uld 
take up concur on of same more Inter-connected itnoti 
and to du giotttion of 0 a of the a atinc-lines as 
noted baloer for oatief actory inte3ratod. operation of 
the radon. 

1. 220 Itv 2nd circuit bob,revn Dm oso- Sincarpet 
(Karnataka. Tamil ihdu) 

2. 220 tVv. Go. Line between nhahrbr4- ITderabz&fl. 
("Lamatal a. Antflira Pradoth) 
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3. 220 Ky. LC. 1m b between 	Yki-• Gbr4 et 
(Korn la- Tamil. Iradu) 

The ahovu linev aro t ovn in a lbi' . I. 
8.6 Intor■otate and Inte rflionai powr and Ensr 

tinge as 

T e drtailoofpower affi energy tran „tttod over the 
adotL g Inter-st tto/ t1'ot%-Ta81omL lines during year 
1972''73 and 1973..f  are zVon be'" 

Zntcr..Gtato Lines I 	niittO& in.  Tt  $ i 7?Zian Thita.  

4972-73 1973-?4-11972-?3-  1973-7'4_ 

1. 220 tv. fnngalo ro- 
8ingaz%). EaI nat& —ca 
to Ttril Th4u 100 00 916 121f 

Tamil: itabu-Kama 	i 192 220 110 176 
S. 220 Xv Para-i 	td 

Zorat 	'Zrsnfl tbdu 200 220 287 311f 
o ttl fl4u. Rortaa 20 - 0.8'4 ^- 

3.  220 Kv.ft dr bad4kupt 
Itarnatokw- Andhra 10i 83 86 67 
Andhra-!carnattc; 88 12k 33 80 

4.  z0 Itv.  . flnxvalrn. 
Chi.tbau 

Arfl Ua6. Andhra 72 68 20 30 
Andhy . 2 -nil Th du 1 4r 29 6 0.'3 



1. 220 TV. Dot 	Ro1hO ,UD 
%aniata:a.. tbherarhtri 130 	li5 	114 	71 
1Sobnrat stm- !Ccanatalrn 00 	160 	25 	60 

2. 110 I'v. D.C. Dandoli- 

rnrnu !-&. Goa 	19 	27 	91 	135 

3. 220 t. G. C, Bn11 .rVla`n 

U por Me= 

Zro the integrated aDoration of the region has cot 
to,F operational odvautacas and econoo cat benefits. During 
the Iot year of the intocmtot aDe nt ont 896 lion units 
of energy size taina2.tttad over iatorat.,zte line roproconting  
5.0 of the t0ftl not gmeütipn in the couthon rogion. 
During 1973.71+ the corral flauroa were 1W+.3 r ilon 
volts avpr000nttrig 8.7S of not gonentton.. 

It in neon that some of to line* vre riven ovor 
•fla♦ 	 t s s tM1t %a7tIya 	;,r. s 	is• 	-♦ M♦ 

take up augiontation of int i'. state lines in to above roue 
for rollable operation of po r £b"ctait. 

8.7 'Poor Cuts in the Region: 

• s r♦ 	♦• i♦ Y! 	cIS ,ik?itiwjWi)1 c 	- ! flTay 

s4 ! 	♦it 	f 	a n •• 	t i'9 	t 	■• 	i a+~4 i t 	`.r W •  

wore introdnoad in these Gtatoa,tilo rootrlctions note 
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imposed t n 1.9.1972 In kMhn Prad;ot anti power tutu more 
introduced in 'ICan ata1:a wA '22nd liMu i 'otome Vitt effect 
fret 1.10.1972. Dcnrxncl and onors cuts are u L'L7 
eon#inuing in those otatcaf. lowovor duo to to integrated 
oporstiona it i.n p000tblo to sat utllico to carpluo povor 
mailable in rornla Sn üfl  of the oboe atatoc. 

0.8 	tntoria Regional Load Doqrntdithg Stations 

8.6.1 The intarizt rogional load docpatching otatlon tin 
S.R.L.D'o Office) $5 xrk.3nc round the clock since 
Octobo? 1972. In addition to cooxdinalinri the m tiv•tloo 
of the Gtato loud docpatchinn station,;  the regional loud 
dstI)atcltg station bas boon drawing up generation 
otthodulou In collaboration vita tic constituent Boast 
and the floyvoli Ito Corpora on and 0_no colloctsng 
to foflovin data vbich are required fbr various a studios 
t at are being carried out by gut hem rogional lcctrbil► 
Day Ride. 

1. 	Daily generation data at 03.00 hours, 07.00 hours 
10.30 hours and 19.00 hours corresponding to the nSxdmit 
lad, Horning peak, typical day trio demands mid evening 
peaks. 

2* 	Daily oporationzsl/ maintenance schedules of 
cenentinc units In each paver station. 

3. 	Paver tlowe over the inter•otate/roglonat units 
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4. 	half hourly frogaonc7 of to CMd ,rstaa. 

5.' Dally atorgy gt oration in each Lyotcn ath3 'enorgy 
o em to botvoQn the constituent cwatomo. 

6.' Wilt Irnr1,y cynta. Gaacrto trt 1ho conotitaent 
nyottaa. 

8.8.2 coiunieation Decuitieos 

At itorim rogional load dospatching# flatten Danmloro 
a P and T Telex is providod t rich facititato ccixwnicatSon 
with Head quarters of all the conotitzont state olootriott r 
Doania and to the state load fiocpatchinrj contra at 
ltolrocmocr and Erode. P.'L.C.C. facility io also availublo 
for enimtcation with state loud doopatahtxg station at 
E ado ttotht 1aa tad ttalanoatry. 

8.0, 3 ionic Doard. 
The mimic diagra of all to four povor +t Yatcaris In 

tto southern region is roprotiontod on a diopla3r board. 
Via C©noration at various power stations in the xogion, 
inter-stcto povor flow andeltsgoo at the intor-connootinc 
pointo at 7.00 hours, 18 houra or 19 hours are dic larsed 
on to board. Tzbinit.7 chasm the mimic diagrw of the 
Cout tom Bagional cyatczraa. 

A ot3ndard elect, a frequency c]oe:: and a differential 
clod: and is frequency motor are also installed at regional. 
load. 9.o cpathing o tation. 

8.9 	Cycttra planning and operation O'bz6ioo. 
The Couftrn Regional Mootricitr 'Booms has Sbmod 
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a 	••YAM• 	Y1 • 	iv 	xn l r iQ 	♦iqa 	as 	Tzwi1.j 1f 	- L rt • t 

• s 	sti• 	t'n 	t t 	j açTo 	+ 	+f + 	•. 	s r!i 	+ ] 	wYa 

IrL M.fis3 'x,!c'n4. TM 	s ♦ x a.i 	 o n t+ t 

••  	sn Y 	aWTtwaix!Eiie■ i s M9Si s v x•4 !flLflv. 

♦ f A t • + if i • 	 • 	l r :i 	i pia • 	.T- 4! 	~Y 4 

! 	r'. i 	a r 	i 	I 	L i 	J' ♦ 	f' t 	J♦ i 

RaL 	ti }± 	 r f a 	t f f •lw+ 	r• ft 	f r 	of 

♦ ri . a. 	♦ 	: r 	&'t- 	• 	'N 	. i 	l z •- . 	f i n! 	 ! 

+L~ 

JnruwVt porlod won inflow Mould $n o stopped and dnv 
dorm. cadenced. 

Ma i i logic na7. peak load condition. 
Sol,tuiberl tbnsoon loading cortttiOnfl vi f nnxtmt outaut 

fraa bydxo etitione Uncludinj Irrigation 
ecantrofod ota ono): 

Three t, ical loadiuj conditions ere studied for 
ouch period n=oly Homing pot, aening posit and of a 
typical wsct day and niminst load on a thiiday. 

The above studios no bencf oitg to iho xagion In 
tthm ifyingi 
1. Loading of conontorvs flit aid WAIL 
2. The probable morning peak# wordng peak out nines 
load condittono of the constituent qotcna and region 
an n moo. 
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3. 	Trcmttoaton lostzo of t3eb write and tbo region, 
4.' 	M. 

 
Thi and ISAr fovea In for isportont lines, iotor-
atat+o Lima ote. for diffar nt o~►omtirg conditono, 

5,' 	8u:pluQ Deficit of povor cor ttlone of c►aoh state 
aM to ottent of povor cZ0bawJoo.~ 

G.1 	Over loading of t ntnl.cv on Zinc  on an outago of 
one of the itnoc. 

7: 	tta3.iobS11t2J and otthMtu of zuota,s 
8. 	Voltacoa at v elms busoag trjnnIbztor tappings 

to be cot and ccztttor raquirgoota at various 
bucon. 

i e : i a r - • if a 	n 	 i • 	.,,.r 	. t e s t 	a• 

roconty tct:cn t lon; tort3 planning a'b too, roquiztd to 
idcntSf r the trop Tis~.on roquf iten r. ' to - the rogbn during 
the fifth 5 your plan-pot . 

It to ouggo.ntod that to ttgios:. aecttriettyr Poaxd 
take un 

thould/loz3 titer plazud ; of cyatcte a' 0 to 20 years 
t -1 -ri zrarr j s: ~• 	 cm (3'We r 

~. r. a n •' 	1.. A .14 - 	t,ia tTy ♦ I 	t w .. • 	x 	a 	awl • t t 

f{ t 	• 	. •Y 1 s 	7 	2 	, !! 	.{ 	x! rl i a t 	t i 

♦ 1 	11 	1' t {+  !!EVijt,fltF rtJfl!aLTh4 	• 1 M! :• Y 1W 

b { 	l • . 	Ya#1ta  	'1  	i It • / tM 	t jj.jçp + '1 

of idio% should also carry out chort circuit nM ottbility 
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! • / 9 	nI 	 r. iwatT7t q t 	Vaf •■ ITIp  

(• -¢ 	r 	• 	{ s 	w ! i V+ I is 	i F 	} •. 	i 	)) a +q 	 } 	•L 

F•• a 	 y L vc 	r '! t 	A•!( t Ic .te iSfl t.MFS +'♦ 	) t }y 

.a t 	sir a Fr 	• ) 	 !; i14 	i 	a a 	• fe. } L f is 	s.}.nm • • e 

a ♦ T• 	x i i 	.jpi$t fl rj I I fl ) i 	tipr{ i 

[ j,i ii a i7 	3 	I) 	TF 	a ) S a} 	Ia 	na i S a 	i f • a 	• 	e 1 S ) A a 4 t 

L 1 bN J •} [ t+• a 1 	as f} )Wfl !Mks&ThWBi Ta% tMw.1K4. 

x }f • s 	 i 	i Y aa. 	a • 	e 	a" 	rF 	}R a 	F} 	- w s+V 

LL} 	1 	} b 	 a• 	a I C 	R-A • S/ 	i 	4 0 )' 	Y 	f 	}• Y 

Mn 	V! 	F 	!• 	a' 	si a 	s• 	a s 	r } )•i! l a[ a i i s i ya 

t 	Y) Y { v• !ñ'I t nF /I iIjTpis aL1JIJ{} 	&.N ti •Ja P !X 1 l t a 

t&i pai a 	} 	a }iee i} 	u.a ti F 	 [ at -flat }- F L i t 

onI S 	V 	 a• !f a    	< 	•aLeWa. 3 1 	a1 

'! 	♦ a A 	the. g*gj4jThifripet F i • a 	ate• F f a aAf L 

Lit) 	 w 

	

} a} [ 	.T.b41ij4 l rn• a o a e 	: a f •'F 	r~ 	V f 

1 Z 1 j! 	• 	s.  

• 1 	a .Fktit. / 	w R amp ) 	• . 	6 I a' 	} a.~i thW4a 

• L+L L a 6 ! ! ) 	CFA• { F.} 	•i 	Sa ! 	Flf '.al 	w 	) t • } 	a } 	} ♦~ 	4 

j~♦ 	a S irk 	! 	a 	S 	L 	f 	in[ 	•aft 	A' S a+p ) 	~a a 



114 

• • I I 	C L1* b 	a f t [ 	i 	+. 	2 I L • i 	4 	r a k 1 ^ 	1 	•'41t i{ 

C a 

• r  •as ran4n;r♦ 

	

FiT 	 sl • a +a . 	 • - 	W a SWsf4tiin! 	sY a ear 

k!1 fl'p Sic 

S i 	!i - 	F 	a s,.. 	• ♦} 	a . 	- a {n a 

s a.W4t u4)i1W 1 Y . •iia it•.iH • i f C F 	i 

Xi) a!tW)!ókCitaQw. 

t 	i• 	♦• •F 	t +ac F s 	rrna} • 	d • 	s i 	a of 

tt a 	h• a 	•• ♦ a C(f 1 e 	'1 .1 	tM~ 	1 a a rC r iH 

Ea x b'M 

i 	~' ♦ 	MK j A 	4♦ 	F S 	i, 	Y! 	•A 1 R M 	i 	}i 

♦ • s 	t ♦ 	r• a 	• J ~9 r t! 	fm i iM C 	• V 4x a• r r 

q• J r•-Y C 

• ♦ t 	•+a 	a 	Oi s 	* 	F'a+1 a 	as ♦ 	r• 	• t r i '• W 

• t a 	• 	FY a 	• 1 R r yp1 	t• j j 	; 	!• 

♦ J•• • ♦ f C 	1 a 

.0 r •a 	aUw•srtra.iizi.jsr.. s 	• ri .• 5tSii ckn 	• a • i 

ri!'flr3pIC s 	conditions • 	 ni.ai■ 	a•• 	la ,1 	a •. i A' 
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are jxtlicztthtt in the ocheSule a. 

A ralviow oP the porfo: rnco of the rogional. Grid 
S• 	 7• 	l 	 • 	f 	P P 	M. 1 lint' nt. #T tiis 

S f : w 	• + ail 4;r pfl • 	1 1 	'f~ 	l •i 0 S 	.• • 	 i 

i 

Kzntatts 
rim d 	(rev) Boo 790 -1.2 i 	7na1 
tmrzjr Conan vItiof 432 I►?3 lean thm Iraraiki 

(t:. tfni s) • 

MxThra 	 sb 

 

trlr tt Densnd.. (fly) 6o 695 + 7$ Duo to 
irnroaco in 
4 	thral 

tnor 	consavtion 363 374 x.03 Ibr 	al 
(I!. tbito ) 

I;orata 
MIUM D Md %j) 3.63 Ibrgix 	. 
Th'icvr .non 	aptton. 215 2dr -5 Targina1 

CM. Units) 
i 	flab 
I:w ,̂4= Daamad (Chu) 1175 1162 1003 than 1!=t1nsl 

1$ 
zhorgy consumption 667 69/ 1.5 i:zrginat 

(Ii. Units) 

It to maccoated. that The rogIOCal raaotrtait ' 
l3oofl Could tte up drswal of gobodu .00 for we±].y 
a .s i - 	t ~+ c 	si 	iq• 	a 1'4 	♦ 	 74c  
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benefits. d1 digital coaputor to on nttflhig r nuirad at 
the regional dcapatchhing attition for economic load 
®choauting and for reliable operation of the power cvctsio 
in the region. 

8.11 Cratat Proquancye 

The constituent tystcao in the region have OgrOod 
t o operate f a 7)• a i -iuitzw 	♦ irni.a. 	G i 0. +a f/ 

is aoi i 	i 	a s e z 	,. o,s 	•.a 	i s ..sty 	r a 	a 	w i.a q 

- t 'He,R 1 1+ 	t w t ♦s T /i' 	 f 	{ 	1 	a 

a s n♦ 	sr 	's♦ a v• t 	r 	/ - f 	a 	. 	a 	+ 	s 	rw 	• a 

i 	•.a a, 	w i rc 	 <♦ a 	♦ 	f:P a 	Ate y 	K F a 	c 	tf 

>  W 

8.12 .Ginning fleCorvas 

= Y Ha 	/ a~f 	s.y 5 ii 1 f 	dMtkge,al 	:y a s+Y a 	 i z 

in deficit of both d nM and onorj no OPIMIzr rocowo 
vnfl4 be taintined in these *'at es fbr the prosst. 
Gonoraly inning rocorwe of % Cv in Korea aM 89 1%' 
in TLartnataka (i.o. capacity of bid oat mxhinos) tine 
maintained in the rnglon. T a flay of the fact that 
ftemla ant! KCamnt ka. are exporting power to otbor czrntaaxs 
b moot to pot& durnMe# the vbmizg aeuono naintaing3. 
in th000 tvotu3o will vary to that extant. 

8.13 load Generation Balances 

J• y a a:M+wF 	r 	♦ t s n 	A . 	+t1 a 	: '> t s.♦, 	n t r s 
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of the constituent t{yctoio, Tk *va1i lignite oozporation 
and t3.R.E.B. dcalo silt the study of pour d+ r, Qo• and 
5fot(y rognireUonto aio-a-via a oi1nbilitk of oath povar 
E,yotac) in the region for the your on t3onthvioe basis. 
The study cor +ittao viii coat roguiam4y and roflw the 
load gonoratlon balaneo ochodutot' prepares for the y-oar 
and rovico to oehodiaoo now cM than based can aystaa 
eondtttionn. 

In June 197+ the 0.1.X43. brought out a report 
on loa6 generation balance for the potted July 197~e to 
,Tune 19fl. ani xoviaod the report in October 1974 bused 
on actiml inrlosu roatiuod at the end of south-vast 
mon000no and the porfotanco of to regional grid during 
the period from July 197L+ to t3aptrtber 4971. "ho parr 
supply poziition van again rosvieuod in Zanuar. 1975 for the 
period 3aruary to Juno 1975 at the € M of north most 
mon000n0« 

An lnportant tar: of the conittae is b identify 
the anticipated zthort3ZOO of ,energy and eapucity and 
a2gcoat to the con ntt.tuonte the poreenb o reduction 
that night be required in sinner consuptSon or load 
demands in their cyotcna with a viov to Smpon ng uaitable 
itntrietions on povor empty. 

0.14 Opttr3tsation of Gatentions 

The procont installed capacity of the region is 
4732 tip* coy ztaina of 3O79. Tyr of Uydm cod 165'2.T Thl. 
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r 	•~ a •Y 	 a w. t s 4r .i.'.. 	f 	t o . ( sp. b h tftWtIFtrr 

to rogion. by optini cation of gonor^tion.` 

A any cotittoo conois'ling of aroproaMtutivas or 

i s . a s a •Nirw S tKA 7W f 4 ' r t aspects•. h N 

	

r h• r 	s ! 	w) .w!'t .tp jg. a 	i s studyiflyp4nflnpp  

• • a 	s 	:e datar 'r c .. 	a 	:.fa 

ai r e. r 	a 	r s 	rn . r 	r a m 	r 	,•;• a t.p a. 

Duo to to itipoottton of power cuts in Vomit Ibdu 
Antra Pridot i and Zcmat7rn, the optiziisat&on of generation 
is not practicable for to pronont. floucver duo the 
eniasionina of nrbor of l dro and too l plants in 
the region by to and of V Plans to .uThorn region con 
be operated more economically by optdmising gnoxrst'_on on 
regional baS.a. Furth©r it is noceaaari to plan. for 
inoflhing;dozpa:to14ng computers at atato load doripritobing 
stations for cconcnicol operation of the region. 

6.I5 Benefits of integrated operation of Coutorn Bogionni 
Power t5rstomat 
The nan1mn do ends of the coidituont states in the 

lout corn region. exhibit a nnf.00d divorcti'a,► due to gaographieci 
factors. The pattern of montlay mrxlm= ctcanlo in the 
conititiont system during the year 1973-7 f in tbovn in 
the un nozuro• G and ambit 10. The month y dlvor.it 
factors varied frosa 1.o58 to 1.16 tied corrocperds to 
a diverallte benefit of 12t to 337 ihv. The anal djvorattr 
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factor van 1.1 and to oorrmtpond1n bcmetit vat 283 M. 
The cazlatc daily diversity factor was 1.126 tfleh fro 
a divoron? of 287 flu, The baintonaxxo achodule ct 
gonorating unite in etch state in the oonthorn region 
wore drum up by the. regional olootrictt4 boast In 
collaboration vit *to conotitrscnt otatoi, korvin in 
viou these divurcdtiess. The diversity was alu effectively 
redo uco in *io operation of The a tthorn iotaa b7 
ping ginninc rosorvo, po ed a acoiotonco to capnci' y 
deficit aysto o et. The cpinniruj reserve ranintainod 
in rerala aid Iturmtaka povor Yyatant helped to regulate 
frequency r .d meet Ut deficit on account of ouddon loss 
of conoration to to entt..xe grid. This rocultod in 
ncintonctc of bettor froquoncy and ni um mount of 
c hoddin; in deficit oyat o o. 

integrated operation pxovod beneficial to the 
deficit and vUr'lua power vntotio alike in inproving the 
stability in their Corrratitg tmito and the roliabiUtp 
and qu& t of power rn piy The voltage said froquoney 
conditiona In an the povsr  oyataas an a rtcult of 
irtor+eoonnectod operation and cuddon loss generation at 
ar 'power station or tudd+ n increase in lead vas teen 
Caro of without tueb distunbame to the grid corAlitiono. 

It one also noticed that there gran a seasonal 
surplus of povor in An&in pradars and T=U t du r rich 
could not be otorod in their own reservoirs as thw wore 
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opining. The rotor-+cormootion of their povor pynte o 
with Karnataka povor oynta, cinbtod t 03 in Banc this cxraluQJ 
optf ononjy vith ltanntoka povor cyst 3 at L 	•' 
z'ocorvoir and ux it later %bon thr Hooded it 

tbcehnnco of power continued to tnwo plc o f 
time to timebotuoan t.aharachtra ad context çrid z~ratr a j 
particularly Itan]sta':aa 11aharachtra RgatCD Van either 
in parzflal with aorathorn rogional and or having Ioodu 
at ttalhepur fed radially fran Bolcait. 

Inter cormcti a of pour oyotanø in the aout27o_t 
region 
/ on.blod Ardhra Prtdoaz and Karzrst3ka to onfear into barter 

arltnzalient wigs Tnnil t*.,..du for auppty of i oo, chansio 
oto. in Qtchanco of povorw 

The intorataB opor'atton hotpcd in roducing to 
demand cut in periods of povor Ebort©go as the deficit 
sl atoo of Ara PrOdotth an4 Tctfl tict Could eat poddng 

aoototamo fmn Katnataka 2E Korrstu. 

It to posoiblo to utdortto tirnxat rcpairo at 
Miaravat y (tto 19th. Augunt t o 3r Dopt¢mbor 1972) tidi 
moanu a loon of moat U50 Ut of smoration vith 
dislocation of pours ity. Thin wao czobtonvq4 by 
gottitc suxptuo power fret KorD3.a ubooted thivu ThU 
radu, otoxppinrj 'u 7 gengration at I ,gvaUU by Eui b1.y° 
ache roving the lignite oupplion, prior barnkug of onoi 
with Tril t o aM mu! t blo otc,jDoring of cijintonurioc of 
Conoratlnc wits in Mk hra Pradoth$ ltonla am ?ail emu. 
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A bottor disci incd in wota operation, toning t 
coranicataon facilit a c► in the constatzunt tvotcco, devil-
opsant of ratlona .sad progranmin t pn coduroo (S. a. Inflow 
car. utation, lo-a4 £arooaating etc.) and botfiar wdoi. 
ctandirg of the pin  ptazm1ng, operation and ocoountina problems 
ham also reoultoci aim* intogratad operation cord eWed,. 

f 	a ! '• b ~ 	'1 	• - 	S - s n : • 	.y1Iry 	i 	ha 

otoflont spirit of cooperation Wong tie conutituont 
0 f. it  	. • 	 Y• 	t S 4  	!! 	P { ♦ 	 . i t 

is» ispixiry.:.xra ix. : 	3iZ.s 	.•:i ~• r,;a 

• s 	r s: s` 	• •a1' s f a 	. 	• 	a1!f c  

integrated operation helped the constituent atatoa to 
tide aver a nutor of eox1Onci0t . A few ioatancof area 

Date Cry Syntc n 	Qk=tn. 	Cnuso of 
giving 	receiving In fiv, 	fliarger.  
aositnnao uastatafuao 

15.8.72 Karnataka T=11 Thu 60 

23.8.72 Karam 	Tamil. I«adu 100 
2.11.72 r rnat oka Axdhra 	50 

Strike at flo oli 
toiluto of one of 
60 a sot at Upper 

7.8.73 Karnatta An6hm 	' 70-80 
if I1+Mr,{SN 

19.8.73 T'r1 flu Karnataka 

/.r1_0,73 Karnataka Tamil 
~+o 

10.10+73 

-, ksLgv,t  

• I 	.-it • ry ..  

iPwL.e 
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9.10.73 to Koralla Tmii TSndu % foductlon .ire 
f0. X0.73 tnt&on at 

:eyvon frm 
200 to to flu. 

1.12.73 to Tenn mss. 3Carnataka 150 'tncpoction of 
3.12.73 P01102' ohm. 

Erd1.cc gat.. at 
Ltncnnzc . 

1.12.73 to •fir. ILarnat&:a U0 -doe 
3.12.73 
1U.12.73 to Kaxt tht a Tuf l I7adu 60 Con oration at 
18.!2.73 Z'otty 	Thnnol 

rodwea me 
136b8flu. 

15.12.73 to Korala Ttifl Thxlu 100 -do- 

13.12.73 

8.16 	fta °n3#ca Dtato Load D0593t%ang Stations 

8.16.1 The epoocb co1xunietttofl, tolmotozint tolaprinting 
cud tolocontrol facilities proposed to tha load detvabo sing 
station arc as foil . 

0.14.2 tzpross Speech ccan mr atian.. 

4. X11 	1 	~l •t4'tT hi Z 	1 . t . t-.l 	tN  

da athh contra to gcnorating otat ons and o%or grid 
stations an tto m in to exhibit 14. Express .opoacsh 
facitity to provided between load detatci cantina end 
con©rating end Arid stations no detflod under getups 
It II and itt by providSn indepondsnt cb mca to Bch 

Group Is toad dospttah c©ntro- to CWztha Conoratim 
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Gaup I1* Load dozpafi contra to Poartt or tl~ooxo, or 
thSg or 'fjcsfe a or Jog or fl&iØaro. 

Gnu!) IZIt TQd 6ocpot b.. contra to f ianvathy or ThIbI* or 
Dolgcua or i .raba& receiving of tion or 

c• 	a f{tjiz A 	h 	1 	N s I • 	'ita 

	

I'd  	♦ 3-♦ a t 9/ 	•/1 5 	a43!Y a 	s P{-a 7 -• M a1 l • 11 

vith. oy ot3,tiono In cacti of The above gnuzrn at a ''de. 

The carrier channels for czp'rea5 teeoh co unicntion 
fncili , r of one Droop urn tnd+,endent of the channels 
in the racalni.ng gnupe. The lord docpatchor can have 
•ttir, attnoous cpeccb ecczunicotton vit one station in 
each of the three czou o. Further on express channel 
arq ototion can contact to load docpcttch cents ono at 
o two indcr,ondont of the traffic In t3* ono tue 
~r~o• 

The cantor tots provtdod in to load despatch  
[4r,p4Y 	A 	{ t 	• 	'•a' 6 ttpwaifl a f R 

r 	s a 	• 	s• M 	a a.e + 	.a 	r« t • 	rt c :•!pJ1Aa 

a i 	•. 	a •<•a c s s t 	«stem i•«fl3sij.  

x µ t 	l Y I 1 	t li 	♦ ct icir • 	ai 

... 	• 	r : 	~.« 	. r: • 	..a 	•a.a •~ t 	a s 	o 

a •' 	• 	• 	{~ a 3 F a" a s p ;I 	a z a c 	ri A w t 	a 	as 

(!iI i.ia TCNa x La a s bTty.flq Cflt4nfcaa e 

N s a 	N 	) 	c a :'s 	q• a c 	. a 	n a q: 	 c !. a 	M s; 

kwioifl r• ,pa ij, a 	a a a a ~. f 	r1.1 • t c• ixa •• 	i4ayjtIaT .pst 

In to o*rooc calling tw ' tv to out stations 
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a3nnot enunicato silt each other#  only carinicgtion t4" i 
load floeratcb contra Is poortblo. 

8.16.3 To1.oprintoros 

!• t 	. s 	.:.i w. :s s r e 	y 	i+. a 	.w 	s,  Dui. a 

totoprintors are pxwpooa to be tnvtt4lod at the tollowizrj 
pR.cea for truncticslo3t of nesMoe trough carrier 
Ut. 

1.  Danrjaloro 3Iba. 
2.  -̀ 7irabnd 1 lb. 
3.  IhSbli '1 lb. 
4.  Ohanvut bi I I7b. 
5* Tog 1 Ib. 
b. cbinoca 1 'Do. 
7.. Zmga1orc 1 lb. 
8. 1+V►aoro 1 lb. 

Indigenous Audio-f`roqueney Lift tranetaittorof 
receivers of Maxluatan Drovn tbvert make, indigenous 
teleprinters of t /s 1llnfiustrn ioprintoro and one xnnber 
frportod 10 litre outomtic teleprinter exchange of I ,ls 
Olivotti, Ih:ly provides tclaprinttwj i`ociUt r under the 
load docpateh achy no. The signal of the kudio I' quonoy 
chin tranaiittortv'roeeivoro a.ro azyr1npovod above the 
cpoocb band In the acooelatod carrier soto, so that the 
use of adclitionzl carrier chamal for t.1 printt»g is 
uvoidcd. 
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d.'t&.b elamotorinje 

i N f.Y ! 	c i t i ♦ ~• S-a Q 	r• ♦ a 	l c.}I 4' • t i 	w 

tho gcnetat&flg stations axis: 

I) "MO tntcgz'atod generation in ?b. 
3.i ibo intograto4 rogvant 

The ta.L• bin voltocou. 

iv) 2.10/110 Kv. lino bro or pooitiono. 

to imoaouranda that mm pmpoccd to be tdcootorod 
fni cair receiving stations prat 

3.) The fl. T, bus Otago 

ii) The 220 %v.xtne bron:cr poci3 ons 
1) Iaaoiug of izax flint intostonnoctinc 

tronsfOw vvw 

iv) T position iz Scationc of trnnftiore. 
v) Povor tn2anittod otor Snthrttato sid obey 

Important gnu limas. 

fltibitr 12 #metro the xvuttng or tatorsotaxing 
♦! t m i 	s 	s • f 	a s s 	r Wrp Y •a• 	s 	aa• a 	• j 	:ay .• • a s 

i% 	 t ! !-q i 	i S 	w I,ip •w 

[4),1Zt,çiIkflit c A15E 

• N ,a 	a (ii a 4 iat4 'W IC C. • 	 teal a aflix?Wi!! 

	

M t w• 1 i 	i. Y 'i ♦ 	1 C 	Y T1 Tw 	 Y 	 y i 	7 	'il 

apnit  nit  for r tVP a .J 	" a s s ` 	• { 	• 	r3• a a: Yt 

p I 	4 t ♦ toc 	 I t 	sa • s sr 

s e r sa 	• 	• •tcaiTio 	t•I~i r .. x 	s t .) I IPI/w 
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oxiatlAl,f 

 

in nnaloCuo Porn, in t, digital fonts without 
utyduo tocmAcal delay. In this vay a higb accuracy SC 
obtainod 'with ninlam oonoil$tty to diot&nton soo. &t tho 
aending on3 various aoamirwxlo liko 1W. ,Mu,. d 9VAr, an 
oonvortod to the mango of 0 to n& by scans of moatnraM 
convertors ant those nozunraMo aro fed in the form 0 to 3 
nA, for ozaqto cyclicallygee=d In to oiuipoont, convortod  
to binary forte in the andlogue-to-digits convertor and 
finally troniittod on do Uno division xaultipioz 
pflwi le. At the roceivinc cii Choy are converted back 
to tbto a defined current in to digital to micloguo 
oorrzortnr crorros pot ding to that at the trannitttng end 
uith rm accuracy of ; 0#0~ ~ The i torra bo scan 
tw trsnadaston of a particular noaairart is tided ever 

• a digital otorago oiitui.t oo That the Value that vac 
tr-anctittod laot to oluzro uvaiiabia. 

8,04 l iitic Diogran Board (L..D. 8b5sfl  

The main circuit or The ¢'ctam notwik ham boon  
preooaa1Z on the load dcopatob board in to to= of a 
table dincrt bQ fabilitato the load !otpatcbor t krov 
tho w ctez conditiona frm !nv to ens. The maoale 
portion of the loud dec atb board consist of plastic 
tiles of also g mza z 45 Co. The position of t soso tiles 
are intozehango bi.c, +t di moles to aotu .c portion ftozblo 
for Imorporating chances In the gwet lapauts at a later 
date. Cmx taUta tng inotr=obto are t ountod on the 
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gUattUeD vl$, I&, 1Ivv tMAr ott. 

l'uuetdonzzl pontoon of the efttuit breakers itt the 
• . • • 	• 	a i  • 14fliT9 	il: z  o i a 	r• t• 	u x (i 
position Indications an Simm In the mosaic portion of the 

motors is pr vidod at to Load Deapalab tenths 

b) Throe nitben of con nt indicating Mstnztonta 
for integrated 1lv generation, integrated ?AVAr 
E a  	w .• 	t ,  t1 	x s 	JTE1t, L1 

, \ M, M 	• . .. , 

o) his lbs. Lino.% - rocorderG for wording 
seoratson of each aennmtting station a1s lbr 

8.16..46 toad Vrequenoy Controls 

The cquipceit tat is tieing instaued at load 
docpnbchiz station. for fray control to pzuportiorni  
integni controller oftype DTh - DIOUn ' ref mtte. 

DNRB 
The Drawn .Dm ► 	✓  digits.' 'ats oontinUer 

i • i 	n x 1  r 	1 . 	s 	a •r 	• 	i• 	• t 

aoneotins condition '/ it the an of a proportional 
' i 1 TWt'tHit±Itj1 	/• \ t • Y x 	t 1  i • t 
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oPY 7-1OO~"'_ 
Pu 

4, TO a 	E 	~ 

PS 

f(AP +.Xo!') dt] 

+ 

Y a Corns ttng eondtion after aontro3.-aperation is 

70 a Correcting coition before control operation 

P. a effective out Put of to controlled nsthSns. )Iv. 

AP a Contml deviation of the tie lit. pear (cttft,rtmce 
between actual va ue and detrst vans a 

f• 1 	s +' n; 1 	II 	 u .M 	R 

Z a S, ntca biro of to t, tcn cbntsolor a u/fz 

PR a Available controlling Power •. flit. 

_'a Pripofl&onai constant 

ç 	Integral. C2QSl'l3Mis[it • r r LS 

T, $ # integral time Of MMU 

The integral action time sndleatSs the tO lust 
at constant control deviationbefore The .coneottng 
condition bun altered under the influonee at the integral 
section of the c ontnfler by the twee eimt as genottod 
by the pmpartiom1 Dart alone. 

The integral., time fi, is used as setting value 
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• 

• • 	e1 q n•• 	t • 	t 	W 

Y*100 	~T, (oP;'E{of) 4 J (01~ 4 itnf )Qtsl J 

Tho squat&ono for pule frsquoncy4 control or pure 1oimr 
oontra can be derived fret this t' 4lianc$n. pont control 
equation. 

The controller is built up on a digital principle 
end is baud an the fact tat infor.3ation Is available Sn 
the form of sc nteraln in plus soriioa or code i ozlo 
ti.ch contain only tho tin aoncoptions 0) and L. 

the contra motion are carried out by counting and 
comparing the berry nmbors. 

At pnocnt 2 units, each of 89.1 11v at tbanvahy 
gsuenting station are proposed for load frequency control. 

8.16.7 P$$,naipia of l ing of land Frequency Contraa 

Th, measure value of #hs 'Cis line povor Is 
aoa Vort2d Into digital fm by on analogue to digital 
converter of Vny high gnnittp terror not sore tan 
0.12%) at the contiollor ,input. FIDEl this conmr4on 
on the wind value of thø tic-line power as well as ele 
cats lrequsx r (which does only neat ima.ttiplica ton 
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at tic Smut) 	paxoacod In the controller entirely In 
digital for u do tile output of t1 co troller store the 

tU it,1 to artlocuo cozworsion cM to paver azOithcat1on 
of the correcting condition (output oicn l) taken pltto. 

Tim d±git i principle applied tthmugb out to tie 
contr)ller aouzras for Snatazzco that oven vory tuff 
frcquoney t a f) mid power (t P) doViations arc integrated 
very ont1y tocauso of the zero point of a digital 
integrator is not iiftod by the influence of t~iovaturo, 
£zlnfl alternations of rostabn^ay capacitoro etc. In the 
line, 

tic deviation A f botuo:n uctiat and desired value 
of ter.+ fr quoney is digp7,cçed by a nnoricni indicator 
that rJ)ovv the aign and four figuroc At (for onapin 
± O. 12b C/a) and is tt n n 	In z* control dock. This 
display can also be sciiithod over to dioV AP. 

The calculating cycle of the cytai contitiflor Dm0 
lasts only 0.11 cocond. That noons a tots vaiuo of the 
corrootinu condition is ptrtcod 9 times in the second. 
This relative high repetition rata was tchoczn it be out 
of r-mre of to rotor oar_illatSons of the doiviratln note. 

8.17 Ro nsi load DY prtediing tttion. 

6.17.1 '?io spctt comirScation UG—wctoringy to Lvfln'L ng, 
tatosgtilling fucilitioo contapintod at regional load 
dor3patcing etwtson arc as fot.ov$. 
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Prnror line carrier li* is pxopo sod. for voice 
enunScattcn botrmon, regtormt load do atth1 g. station. 
with to fottr oat. load docpatchlng stations at 
Kati ag dam, KaLtmos ezy, Bangalore sd Erode • the 
telephone fsctlii' beb een the regional decpathfling  
station and the state despatchingstations 4i1 be 
of adwplo puda button #'po providing oprasa link 
connecting rugiona,I load despatching station on 
onelt d. and state load donpatcIAM atc~R#3on on to 
other* Selective oail foO lIIW-:.s prcossd at regional 
load despatching vtatlon: no as to facilitate the station 
eatsbltthing ctmieati . with more then one state load 
despatching station at a time Vhetn required. Those 
could be no co ricatiol tan '# botw n state load 
dvopaLtthing sfiatiofl;. 

an measured on pover linos an as Soflowm 

• I 	• {..id 	Flt 	k 	e 1 c.- 'f 	 r4•e p 

fri4z  t  

•• - 	c:• 	'dr 	 s 	x 

[;p 4 	• 	4 	R 	/ry 	! 	♦I b 	..:♦ 	• • 	1~♦.: 	di 1 { 

The + ib$.t-13 **wa. the trenattosion tin. routes 

stationsof to state lost dsapat 	g Sttuozs. 
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8.17.3 molaPdnting 

Teleprintrc ttainty to pxtpousd bet6*m the 
ngioml load decpatebtng stationnd each of the otuto 
load dospatohthg otatton for puoee of C*TIVOIYSZig 

rest operational nonage etc ano tateprintor 
viii% associated omapamto to pTotosed at the refios 
load doepatabing ataton and one for eo~eh of to tour 
stat0 load doepatahing station 

8.17.4 Tel eterSngs 

The measursdc like Ma, MMAr generation a b. 
that rauld be ant able at the state land dezpatehing 
flatten are• intWded to be picked up and trenaiitted to 
the regional load d• atrthfadg Gtut4an by talemetoring 
equU elxtse This detailsf moms that are piopoced 
to bo teiasote.red trr each state load d*spatabir39 
atatlonu to regional load dsspatohUg st4t on are *t 
foflovot 

1. Total My gemrattan of the stat . 
2. Total Mw generation in each of the generating 

atations. 
3. Nv and I4►Ar lion of inter 'region: tin a 
h. Xv flous of tortant 220 Kv grid lines 
5. Syctae frogtsncsy. 
7. Teleejgllfng-circnSt breSter indications 

of inter %tat. lint. 

'fdasaary► tots teero and itie indicating and 
recovdUg motors are pttDoOSd for 	ttpn of Mw nzidings 
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pertaining to four OtAtes. 

8.17,5 Te7.caignnflIng. 

The brronkar ponitlono at 2Z itT aM 110 1tV 1ntoX : 
state linos are trmnctittod tim eta,ta load deapatabIng 
ctctionv to nflorn7. lost dar ntohlsag etation.oniy o:ivui£ 
breaker podtionr of the lime vd1]. be ' .oaignatlod, 

8.17;6 Other equipments mrh ao airic diagris bounds 
deapatchero dock, at:idafl tins clock, tvouezey time 
clock in4 the dirfe rontial clock are also proposed for 
Ragionnl toad Docpatebin° Station. 

'w 	= 

 

37ñ. 6 	S.Y a :i 	t 	 r t.Y 	rY 	a I .rptjflH e 

'11r x 	j 	\ 	♦\• o:aa 	a• e 	i s 	tY 	r tY 	a 

~' I 	a \,p • 	i.i a 	x E A 1 	a • e r• a e• 	t 	'h n1 

1 •~ 	• 	♦ a.. 	~ - 	s < 	a 	• c i 	• :. F~ a it 	n 	x ,F 	Yv 

r a •~` Y i \ la 	pi  used tim  

cation 	•r ; a \YC'Y.eq 	r• 	H1 • 	{ 	en 	1:Y9 9n{~ 

1 i 	! . ! Y 	h Y 	 Y• f Y• 	N 	. a 	•a 9 9 

1 za 4.çrj 	 tTWL') ! a a• t s` • i 1 	• is f N• r 	Y V f •\ 

. t 9 «s n • aa_ jTfl fl 	 n 	'a y Y • s WY 

r 	• 	1 a:• n >< .. i s taTh ::r13 	i.• Y~N 	t 	r Q ♦' r, i 

♦ a 	s l t 	• 	 s 	• • 	• 	r a a '•a t• IN 	s w .e• 

Total 	a ' generation ♦ c. 

station, 

2. Duo voltages of Important atationt 
3. My cM ) WAr floies of important trtm.s ion 

l nO16 
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h' Total r!v and r3Vnr nova throuCi mbar-oonn.attng 
l sfa.mere 2211 and 132 Et netwafts' 

5: Circuit broz .or on aA off indication for all. 

Lino c. 

i Mi 	• 	i 	-:'r: •1 Ar• C 	et, 	y-.0 	Y1 	• i 	t ie a V. 

to t` TDM t v ri wi teltetered Quart tttoo 2nd to in4ic'i * 
the t*tional position or the circuit bnSors 3a pnwldod. 
A separato first-. consult is there to indicate the t tal 
generation, frequency and other qu antitico necessary for the 
load frequency control. The load trogteoy control 
equiptcaxt tto a'U.2t under erocttan Tho equipment is similar 
to the oguixrnt Snag at at state load dezvatchb g station 
Kamtm%4. The folly stations a" contsplated for 
load trrogt.ncy-operation. 

Upper Cit.n 
ft'i ,:.. 

2260Zv. 
I x6Z,5MW* 
4z60Thr. 

8.19 	Kotula State lead Despatching Otattons 

~• 	a 	P• a • U! T I  i 	a w••ta vTtn. 

at to1a vaozr ('being the important load senora )4 Fogey 
lino carrier to used fbi voice cecnmicat on Ut state 
load despatebing stations to all generating tttstiona and 
DAJOr grid stations.. per printing type tai eprinting 
fucilitica are provided frua load deopatching centre to 
ga!wnting otations. The penal turd condet of ninic. 
diagram of the poor grid&indicating so tern each an live  
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l st s, vo tmotera etc. my, MUM, c lmdt b nn Positions
axe tOtant red fret all generating slatofe ant Important 

grid linoa.' 

A.`2o Toil nadu State Load Despatching Station. 

t • 1.ii• 	rp• 	i A flV TtflZtuJ.1!x fl • ♦ 

station at Eroded It is tnoposcd to ontah2at, State 
load dcabThing. station at IZ( nD• The toad DoopaWhizg 

CentTe at E d$ tin 0sno as'xbr load despatching atation 
after oatthlimnant of atte load do ,tatobing station at 
Madras. 

At present infortflion is being tmlotsrod to the 
load deapatobing osie hoc %0 moral. tenanting otctiona. 
The quantities that are conttnzoudy tet uotored are Mw0 

Hflr, bus 1tagoa 0t4. Thero is a totalisor peel ,ttah 
gives The integrated generation Sn Utrn and IWArn. Fur 'hot 
on this panol roending r nrte or0 also mound. MV0 3HDAr 
and tMuoncy of the wj toe are continu us2y reoorded,.  

Teleprinting faaciZitq has been pmvtdod bat on 
Erodeand Read Office at Madrai 

A Largo acato freQuency motor is mounted pnaincttiy 
at the load despatching ceitro. Cetoration to nttntthnd  
correct tothe fn4ur Y• Kundah Is the froqueac,T control 
station ton at a tort notice (~+it In about 3 simibna? 
enough 8enna -lion can be picked up to r r'ly the grid . 

The LanternRegional flea Yflci Board is 
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procuring to l freqifzoy control oquiwtt for contra 
of frequency aua load on regional basin. The load 
frequency control will be affected with the help of 
reflonal controf3.en shiab will be located at ftiori 
load De tcbing Ot tioup Banaelor.. The load froqucrey 
control on the regional bade would control The in.tar. 
ngloml Ue line flows uM the froquezy of tS regional 
grid tit into scamt to flows $tnt my afl l in the 

fo lovinz intezwzvzional to linac, itrioly 

3 220 iCy plc. Betgroaa Ko pur 
(southern region- western region) 

2) 220 Itt R.C. Lin.-1 per Sileru. fuli 	lo. 
(Southern region. Eacti s region) 

3) 110 it D.C. Linen bendeli» Ponla tin Coa) 
(Coutthom 'region,- ventemn region) 

1+ 	132 'Itt D.C. Line fl 	sl (Ortaca)- 
to uto 'drtits In Andhra. 
(b'autnn refl ze 	Southern region) 

F 	♦ 	b 1♦ t 	. 	Al t w4 	P 	tire.•{♦ 	ao 	',a 	Y 	F 	1 

a 	a.p s 	• a r 	I 	a.j v• 	i•rIcr 

• a r.- 	a a J. 

1~r generationL) QX; r.)j4.)flJh• 	q 	♦ 1 I r a s 

y r t 	F. a sr 	 a participat ion  i 	• 	r♦ a 
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state gyutma bzw bet a1,,catod by the rem oentrolisr 
to four atato land dcapatchint ctationN the ctatca 
participation could be distributed by the gonc►ration ccsntrollar 
to the various plants dopom1ina upon thoir scheduled 

Y a  •  • . y  + t a  s +4 -r.{  r  .r  ~•.a  ♦ - 

It 

Upper Cile t tflydm) 2 z 60 A!v. 
Kothngvdei9 (`l' Canal) $ *60 ?v. 

flawatd~.'.l' ( 	mal) F 2 62, 5 us. 

Upper Me= (Z9dro) z 110 Hit. 
Kolmagiden (T 	sal) 1► 2 110 TTw, 
Mcanal (also) ti it 110 ift 

tarnattaka 
Qm avathy 1 	9ro1 8 x 09.1 RV. 

6abarigifl ($gym) 6 x 50 Mv. 
Idikki (marts? 6 x 130 Mv. 

itNadu 
4cundan (P 	ro) 5 x 35 tier. 
tnaoxe (2teTOa'i) 3 z 110 flit.. 

147vali (Theta) 3 z 100 11w 

The load fnguemy controller is saittble for ate- 
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14 flat frequency aontral. 
2« Flat tie lino control. 
3. Ti* line load bias:. control. 

The wets controller da21.. bnaieai3,y swats the 
interchange povor deviations with the frequency dcv^istien 
atltplicd by the pavfl nor (or watai bias) cod cot up 
the total dWiatjon or tho nglonol regiAment. This 
ng .cmml regixement is that be ditttrlbuted as conttnuois 
control signals to the various state load deopatch ang atit3ong 
and frim there to the power stations (units). 

The load frequency control ecuUment proposed to 
regional Kind dn97atehing centre 10 o{iZar to the 
equiDasnt rimured by Kastataka. 

$.21 	ADplieation of L.F fC. on Regional, bands, 

It is tuggeatod that load frequency control on c 
regional bade siaild be considered by LB.EJi. only at a 
later date %hen all the conotbasit state tespatahix*g 
stations hone came n0 and number of interstate ties 
of adequate aapaaW have developed co that the regional 
c'staa con operate an one qflrw vith free flovi sg of Dower 
in ties throughout the 'ates, to raflonat depatcbing 
ntition could directly regalata the frequone3r. Since the 
tie lines are not r ffiaiartt, it in better to instofl land. 
frqus cy control equipment only at state load  daspaftb ng 
stations and to operate to Derr with a bias control on 
inter-seats lines. The vatting of notch an armngenarb 
Is 	*rated baby. 
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.x r 	Yy n • 	• 	a 	• 	rx r 	an r 

of L.LC. c7atc for the Southern region. Each state 
:s conni4orQd ao oh area inter ommeotod vtth the 
noi bouting states or wvas. The Context region. 
ec pris*e of kartatoko, ArAhn Padeth, goroia end 
Ttil !bdU& 5'stemas arc inter Connected vita t o 
toflc ng tie linen. 
Karnataka- Anab 	220 Kv. H.C. t eit bod- Oootyg lbs 
l stmt m. %Oda* 	220 'Cv.. B.C. .1 'con - X!i3x5d. Line. 
Kfrsctt k.a. TaenSl. Uadu 	220 tv.O.G .tengalon SingarSiOt 

.ire. 
Amara► tom• dads 1) 220 Xv. 0.C. tirtwnlca- Cbtttaor 

Line. 
U) Q X. 8.0. 17aliora- Em 	tine. 

Koral.a-Tn it ttdu 	S) 220 Xv. s.c . P +ba•24cutturot 'line 
i) 220 Kv. t3. C. Ps be.. !gqa#har line. 

The s-utaa can be operated more *ffletclontly 
by OPp1ying tie line bias control to above ties lines. 

Karnataka and Anibra Prsdeh have nize dy proeund V. P. C. 
equ . w~ta for their ,.II. centre. 

Pnn=ezy tie line T to value of roar being 
tl sfen'u t viii be t leietSred to each load dospatching 
stattone an Sot by the crowed linos. At despaiehtng 
stati.azulhe dlgebraio am of kM tanstera Se oalcuitted. 
eia 7.ax1y 4th referorco to 	mta chat C% eyelet per 
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occond), the deviation rrct the eta and freqtwnay to 
dotoralmd, F , the deviation dpfzva the sebedtasd 
value of thtn-cbong. tad the deviation df frcr the 
standard fro iva nova the routing qutnfltr dp + Mti s 
poriaod in all the four stp*o sys *. &*pose a load 
-oa~►es an Andhra Ps teat rtea ttth i9 bpovttng at 
that tiaa, tore as Kartrntakn and T=11 flaSa are ox,ortng 
frotu~neq_viii. go down.3M to wort of Ar$hn cyatcn 
'vtfl iz ntanGOUOI ' increase. salt refioring fxau 
:'DTs t f 

 
viii give * net imnase in Import, be mik 

the frsQnszfl bas gone 	So that dp* + "ltd ttf A 0 
and it will give a nogat .n taine. The dsspatc:dng 
station at Andhra viii send orders to Its ngulnUng 
stations to increase Its ge radon Vzt1x 4PA + XA df 
bococes zero. For 'ltanmtaka oyotsa dp, + tC +dr vm be 
text so- that the ltamataka zrotan does rnt st uia 
cornoting its gonoration, Similarly for ThU i] 
alto does not require 4corveeting its genoration.. 
Thus vs see that to tie line load bias contra on at.-.te 
boots is best suited for the southern region. 

The craters ann $so be operated an flat 
frequency control or on flat tie line: load cantXOl baoi& 

8.23. 'Indoor Dnjuomy oca%itionss 

The frcqu+zney regutatars, no doubt isatch the 
genaTttim 14Th the prevailing load dnn& conditions like 
loss of gensratlon, fauttg in generating stations bin. 
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barn etc nor souse conatderable k balame rosultang in 
trognowy die ( If The opi.rmfng rosano tad other 
ponsibilitti.on are c muaod. Ouch a situation in holy 
wldsoitabxo, both. frog The operntionul nit aonttner point 
of f ey. Zo a it to x ooh that each oporating area 
plans ve3l for thodding of locdo in a nethodjed. w* In the 
nut of foil of frequency below a certain ionaL` 

Planned ].oars a tedding is donepxuvs the f"Worrw 
if tbo dnp of 	f tenmy is belowr a Muioite level, 
OanorzIly a atendad load thou schedules is papa i. 
and folloved In oaac of ozigoncian. tinder frequency relays 
area Installed Sri my uysteru vtr cb are given gli`torant 
aottinga and ors act ato at diffnnut valuea of under 
frequencies eat cut out different limos or tic lino 
loadings to bang the frequency close to the stauda . value. 
Ib the no=* =* every of Sort sf fl be tads to nun the 
lost C"ration• 

In Franca under frequontry ra20ys of Installed 
extensively and a veil planned load ±e&fln is adopted 
in an attt t to td.ntain tmqu 	vi in nas3nsablo 
haste. Vim, to gtnnd under frequency relteru curt being 
inntaUed in all the areasw. 
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' 11wrttt 	! nt a +y + "a •s ' F. i 	1Y• 	of 

roZwa are balm Instanod at c►orot nab-stations fbi 

requisite level.' 

The Southern g3.d ui11 be better con troijod 

rsr .E. 	 :.a=..rta7 wn -'zm :. 

tbro bonorito inch no ecomcct inthrethaflto, spirming 
roseno roquirmenta, roltabL1litu eta. vtfl accrue to the 

region by adapting various load decpat&& toobnIfuoO 

cntrnontod above wotantJc9UY to the povar cyutira 

in the region. 
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It T V 	CAPACITY Ill Tilt COUflfft7 1r GION AO on 31.3.1971+ 
(2fl or xV PL& 

tABVAXA!CA 
1b. and cap tttp of 
catto In 3:v. 

1x2 +2X12 +1f7.2 
4 x 12 + )+X18 

3. bminbad 
3. tbsmathi 
t. zaiinsaivar 

6. SltGba 

Total capaci 

33.2 
120.0 

2'7.0 

712.8 
1+2.0 
17.2 

966.6 

ko.© 

120.0 

3 x 9 

8x89.1  
St3 + 1  z6 
2x8.6 

7. T.B.D=(shah 	+1x9) (24j) 

Grnnd Total 
AID MRUD D 

Ifrdro 
1. HFaeh!im4 	321. + 3x:17 (7O,1 ) 
2. Uppor Shorn 2x (t 
3. 1&zuneajar 	2 x 5 10.0 
4. 2.B.Dzn( 	t4 x 9 + 4n9) 80%  

end Tunaab m 3 
Total 	9n-. 268.0 -- 

Ko agudem 	4 x 60 24+0.0 1.  
2.  &zm a9WWt 'A' 3 x 12.5 37j 
3.  Rmoguntt "D I I * 62.5 624 
U. i7o71oxt 	1x30 30.0 

5. Hussain  flusaain5agari z 74 +1 z 5 122.5 
6. Can Trut3,nvs 	1 z 20  

Total Thomal. .5 " 



3z25 
3x18 
4x8 
3x5+3274 
lrx12 
3x15 

3x1, 
G : 50 

r).0 
54,0 

3~.0 

37.5 

45.0 

x+5.0 -x.'00 
Toti2 621J 

144 
Gtmd Total 
	

6704 

hat P 

2. flholoyür 

S. Porugmlkutx;u 
l. Pallivusa]. 

8. S abarigiri 

3. Kwida'. 1 tO 5 

4. i`otbur Tunnel 
5. H ttar Dan 
6.. Parmbt?'alc u 

N.3yar 
Ahal~yar 1 a2 
Sataxpatiy 1 

7. Papanasan 
S• Porlyar 
9. x ayax 1 &.2 

3 7.2,$ + xl O + 2z14 70*0 

3x12 	 36.0 
3Ø+ 5235+2x60 +  X25.0 
1x50 + 1z*0 

'S0 	 200.0 

to 	 4?.'0 

1r60 +2z35 + IX25 + 185.0 
1z30 

)+x7 	 28.0 
4 x 35 	1)40.0 
1x60 + 1X40  -100.00 

Lbtal llydato 1?2k.0 
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2x1 	2x3O 
+10 

WO + 3'#00 

To 
rThamat 

90 

-1030 

3. t 

 

2* 

Total  Uflzo 
Totc,11 ` mat 
Omnd total for tho rc(ion 

 

3081.1 
132. 
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hftw1!:fl  

tit 	i/ 8 	s.: 1 it :f' ♦/ 	t 	'`i -•1 SI 	% "1 !-- 

L 	a1 	{ 1 •r It 	Lt: 	' 	a1" t ! 	' r 1 i1G1 1 

AT= 

o 

1. misrtvaed 2z89.1 17$.0 
2: Ltngun> okk 2z 27.5 55.0 
3. KalinnAht 5x 135 + 2x% -775.0 

~xm& r vnsn 

Total Uydzt tooS.o' 

1. BricaSlom 3x$10 330 

2. bower Gflo= 44. x 100 1400 
3- Upper titos 2 x b0 -120 

kztondon ._,., _,.,_,, 
Total Uflro "850 

1.  Xothsgn3c Otago RI 2x110 220 
2.  K~thagudun Stagg IV  2X110 220 

3.  Pik Wvnda 1% 200 - 200 

Total TheitC Go 

Total Hydro &Thrrml 1a90 
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1. K'undsh. otMe IV 
2. Duruflor 

storage coba e 

147 

1,' Iditc:i 6tctjo I 
2.' IdU%ii Stag* II 

3. Silent Vofli r 
4. NHasl.ayet 

3 30  390 

~ 30 	 390 

2x60  120 

1x37$ 	- 37$ 

Total U,$r -937.5 

1260 +1x50 	110 

1 % 35  35 

1 r 100  -100 

`tota3. Uytzo  

	

11110 	 110 

LLL 

 

1* 200  

"lot t tbo=a °-310 

Total.. t~rdro & Thmal 	555 

	

cxt 2X235 	 1170 

2. Tutieorin Thar, 

fora Ralpsl& 

3040.5 

♦ ., 	~l = tl i 	 \ ♦ 	 sY 
	 41.20.0 - 

~►' 1 ♦ r 	i s .a e 



H 

(Frm 1957-53 to 1973- 74) 

(AU ttgtaroo in flu. 

iota]. for t e roZlon 
Yoar Andhra 

Pradcz h 
Yrarnatcta tZarala Tunirl. 

raau AC 	- 	Guru] t- 

195?-58 - 150 82 226 458 

1958-59 - 157 86 27k 519 
1959-60 1446 169 93 335 7~+3 

1960-01 190 176 107 391 X354 

1961_62 191 1Q14. 122 etSO 95y 

1962-63 191 182 132 532 1437 

1963-64 2 213 144 630 1191' 

1964-65 245 260 156 652 1313 

1965-66 258 30 174 71? 1+51 
1966-6? 290 34i 212 857 1703 

1967-68 336 367 2140 9& 19V 1759 

1966-69 141 452 353 99? 2243 2056 
1969-70 5214 541 401 1146 2582 2331+ 

1970-71 562 623 1440 1155 2785 2500 

1971-72 639 695 465 1326 3125  

1972-73 608 71+1 x+72 1190 3011 2768 

1973-74 63' 703 1+25 1331 3173 2090 

f2ts Powor cuts have been Smpo cod in Andlzm Pmdodi, ltarnatczita 
and Zimfl i 4u duxirl tho 70 115 1 972-7 3 and 19734*. 
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PM CAPITA COMUl l TIOTT III i1Tt &OtYSflttt2J R 'GlOII AM ALL III 

(r  1957.53 to 1972-73) 

(All figures in lzt p~,n/ 

Year ha bm Earnntaka I:arxAa Trail AU. India 
l~r~~3at~ T:ada 

1957-58 - 23 - 27 28 

1958-59 12 37 - 37 31 

1959-60 16• 38 - 47 35 

196041 1? 44 30 60 38 

19&b42 21 45 37 62 1 

1962-63 21 a+4 140 70 48 

1963,-6+ 22 50 36 75 51+ 

196L65 23 52 37 83 57 

1961-66 27 55 t+0 93 61 

1966-07 25 50 1+7 98 66 

196-68 33 62 61 105 72 

1964-69 40 70 66 116 78 

1969-70 62 69 120 & 

190-71 500 104 72 123 90 

1971-72 53 117 72 133 9k 

1972-73 49 117 76 11+3 97(1) 

(1) Pr vic onol 



150 

D Ax 0' I Its .1w17" I IO TL Stru  

01. Val'taca a 	intartat4/ 	Date of 	Total 
fb. Ito. of 	Regional. 	Crr ntoc- 	distance 

CITM

q

i

`

o. 	 Linen. 	toning. 	In 

 

 . 

1. 2 	/C D gaaon-S 	;a?ropot 2`M ~ 1 b 62.ti0 

2.  220 kV 8/C liadurat-Potba 
(Tar:LL i'tdu)-(Kerala) Dec•1968 161.00 

3.  220 'V Ei/C HuninbeS 
8=1 

26.3.70 26.00 
► 

between 1oon & 
Andhra Pnutet ) 

t4 220 kV 8/C Tllwcamn-Chtttor 10.141 27.00 
(T. radii). {A. Prude!fll)  

5,. 11r, 	V s/C tiazgatore-Xasargode 13.1.66 39.+0 
(]t s,re)-(Zerala) 

6.  66 1W 0/C VeUore 	tutor IU.2.66 39.00 
(T, YiSu)- (A. Pradesh ) 

7.  66 1W ti/C Oo 	.bSdfrrr'.tli t 
(tycore) 	*.Prad+ 	3 

1U.2.66 26.00 

r-~a~iot~,t 

$. 226 0/C 1 	.?to2M r 22.1h69 95'.00 
(on 

IC 
(Pwn) .(? 	and)---  tovsre) 

9. 110 kY D/C DandoUsPonda $.Ii.66 $%.O0 
(l 

) 

10 220 1W E3/C jlpppv C0larjm:tnela 15.8.73 25.0D 
( 	sedsnb- Or, aca) 

(Tout tocro 10 ton aaf®d as XO aata ). 



flout Aggra. ! Coinsi. $ Dinreii' snrgin duo 
gate 	f deny. 'facto W 	ty 

?~w 
i f 

Ap42 1973 2229 210 1.08 124 

flay 228k 2126 1,0 18 
Juno 2587 2269 318 

r 2983 206 1.465 337 

AumA 3039 / 14095 G& 

Coptcrabsr 30th 2881, 1,062 180 

October 2960 2773 1.070 195 
tbmur 3O1O 2306 1.086 
Deceabiar 3055 2035 1,077 22° 

Zcmazy 1 3132 2890 1.0m ? 
Fob= 	%y 312!! 287b. 1.093 41 
hatch 3069 ".  5} 1.073 X1O 
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EXHIBIT-3 INSTALLED GENERATING CAPACITY STATEWISE 

( FROM 1957-56 TO 1973-74 ) 
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EXHIBIT-4 GROSS GENERATION 
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SOUTHERN REGION 
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EXHIBIT-5 GROSS GENERATION STATEW ISE C FROM 1957-58 TO 1973-74 ) 



SOUTHERN REGIONAL GRID SYSTEM. 

HALF HOURLY ANTICIPATED LOAD DEMANDS, EXPORT! IMPORT AND GENERATION TO BE 

MAINTAINED IN THE CONSTITUENT SYSTEMS ON ATYPICAL WORKING DAY IN OCTOBER 1912 
—~ ~ 	 W DAYS BETWEEN 1,10.12 AND 3010-72 

AP SEB KSE 	B K 	E B T NE B 
ME 

*}0R GENE1ATON SPINNING ANTICIPATED 
____ 

 — 
 

EXP091L+IT04ENEPAiION 	SINNING Mi.CIPATEC EMP00.1;+)0RlMPOQ1l-)GENERATI08 SPINNING ANTICIPATE^ 	i E8P0813) OP 'pIJ~IrPATED 	EXP0Rii 
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MATAIN MAITNE)' 

GOAT 

APSES N 	NA EB 	MAN 

hSTSA 

NiANGU 

LOAD 

MAINTAINEDRESERVE 

000 3SC  +20 340 267 Hoc  47 420 -2G 4J 353 89 700 f43 143 

7.3'12 J10 	=20 33C 240 240 	67 41l  .1Q43 377 B9 71G +J7 '43 

I Gn ' 	110 	Ik20 1330 	1 230 231 	9S •12S 2C S3 	' 352 ' 	89 690 }SJ 143 

1. 32 3•O  12E III 	33C  ~ 270 230  SS 425 20 -51  I 347 P9 685 I+SE 143 

~i10 31C  + 20 370 2)0  230  6S 385 L20—s8 307 :87 69S H56 7t3 

200 00  2, 330 232 230  hS 39S -20 1.59  1 307 B9 6;S iS9 733 

300 j 	J. 	,  330  230 230 	64 445 -20 SE 367 I 	89 665 158 723 

X27; 230 	45 445 20 S9 367 69 67S SB 733 

135 230 730 463 .Q58 397 99 7'JO '55' 756 

5:3 250 lAO 	7i i1S i20 f 0 705 69 I5'OH014l, -50 964 

IeJo ,. 34" 745  -  2 'I'. ±2c 

 

_.. 'SS '6 I270001411 -SD 964 

„ _ S 165 : biG 15  . '35 69 'I1004 Ho 964 

th  [' I 381 	67 605 {20 !SS 14Q 63 06StU). "•SS 964 

7?901 11211..26 669 370 70 	41 645 ~} 	20 '565. 36 930 930 	., 

71116  f 	417 	.20 	[ . 	d42 	' 365 ~ 	365 	9G 6.5 HD 'i 	I 6:S P.9 890 890 

21,001 SP ̀ 401)I •1G' 15 a50 	iI  STS SR 99 GSL 860 

2130 47',n4j7l 407 310' 31057 535 ', 335 '  69 820 

22,OG~ 4 	G~1U[ 	I m;n 3G0 ' 	32'0 	57 aSS   j a9S 99 BCS 	! I BOS 	i 

22.30 4u  ~ 4, 29: 280  77 425 I I 750 7SC 

23.06 361  I  '~ 360 270 27C  87 445 43 402 99 'So  ', +43 793 

23,30 34d  I 340 265 26S  47 435 43 392 69 750  , t43 793 

ENEg69 
L°°' 0110  02665 .0266511, 

I6 	M0 '-0110 
 

'. 0110 02665  

0225  

Note.'. 	 EXHIBIT B 
.00d aemaods )ncluq'e Consumption )n power s/a/ibq Aux)ilar;es and tosses In Transmissloa and d1'strl0uhon systems. 

Fgu, cs .n 5packets md;ta e the Resirleted demands ?o be main/ained. 

Programmed stagy lonwtse genera/ton )3 gnrn )n Exhibit- 9 Corrtspxod!og to the atovt Cndit)'cng 	 Ali Figures On MW 
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9.1 	The integrated operation of the louihern region 
has brought out an excellent spirit of cooperation among 
the oonattt2ont syztts and has helped to tide over a mrber 
of emergencies thus Improving the reliabili- of syst 3s 

in a significant nszner. 

92 	fuch more benefits will accrue to to region by 
Implementing the soDhistieated othoels of load despabhing 

techniques.. 

9,3 	Accurate load foreensting and cr,ttmr generation 
sahedulin^ are The fundamental requirements and basic 
neo*ssiai'tV for mn efficient and norlern load despatching 
organisation. The forecast ng of system loads and 
generation availability in the region shafl be done on 
efnuil veekly rand daily basis aM shall be supported by 
two hourly review. The pneration schedules shall also 
be prepared on the same basis. The forecasting errors 

be. 
Dhouldjainlrnr as far as possible. 

Regulation of to line power and frequency are the 
important aspects to be considered for smooth and efficient 
operation of the regional. power stem s. 'tarnmteka and 
Andhra Pradesh state else tricikr LBoards have already proou-,̀ cd 

sophisticated load fre:Zuenoy control equipments for the 

state loan! despatching stations. Tana radu and Kerala 
State featricitp Boards should also procure and inittill 
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similar type of equipents at the State load despatching 
stations. The region will be more benefitted. and operating 
conditlono will lain ve by in tailing load frequency 
ccmtro1 equirxnente at state load de atehing stations and 
operating the system on tie line load bias control basis. 

The `°outfiorn regional 'iectrioity Board should plan, 
installation of loed frequency control equipment at the 
regional load desnntc ing station °b rhea the regional 
grid lu fully developed (i.e. free flow of power In tie 

lines) and after o--ttlithine nraber , of inter-rogiowl 
lines wit: 'ice nei`-hbour ng systans. 

9.5 	The T-nil iTadu and %r0hra Pradesh 'i,eatricit~r 
Tho~ids ot d take initiative in estc3blitinc The state 
bid c1 atc ping stations at t±adme anc? ifyderebad 
respectively. PancaA.ol'6 (W11"Te iTl:.' i::F3e's=Vi:3cu. Larau .,v:r,.au-

chinU sta'-ion is low ated) is connected jai t Madras and 
Ttyderabad by P and T cosxtal cable. Thus we can utilise 
the P and T cha rel for oon7mtnication, fni the regional 
load de ;Patching stations to spate load despatching 
stations in addition to power line carrier eam iuncatisz. 
Further this will also enable the load del atehers (at 
Marlras and tlerobad) to tale quick decisions in same 
of the operational Problems such as Dower dove in 
inter-state/regional. lines etc. after oonaal.ttng with 
tie Chalrumq or frie Chief Engineer's of the respective 
:Z s tea s. 
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The Southern regional ovsr vste ,s :Saud strati 
P and ^ 'Wilitics (coaxinlcable/miarrn ve lute) fbt 
ease unic-.tUon to the mmdmm .utent possible in order 
to secure 10C reliable cocscnnzfe-ition, to that the load 
despateihcr s4d be in a -position to diso',.arge his 
fw m tIons oso.,'hiy and uninte r . tedly. 

9.( 6 	Ibo .gout ern region wL to the Joint von tun of all 

tie four strttas d!ould plan in exaloring all. lam 'Over 
potentials avafla!le in the rogfor,, being the eheapent 
source of ,a:sir and win brink; clove incrs ent.-.1 cost of 
genorr,..t .un in the rrgi:m. The water rosoumes tfl2Sle 
in the region a gal bo utilisal to tho 	mtm extent 
possible in most oconcrnicdk mouser. 

9.7 	The nowor systems in the region should install 
ostensively under fregwnvty relays at nrious grid 
stations in the tutsi for load etedtiinr-, in case of an 
outage of gcrontht units. This sill. enable the waters 
to maintain uninterrupted rover supply to essential 
services. 

9.8 	The t,tal inatafletI c paei of the aautiern 
region at the an! of V nlsn vifl be order of 3973 live 

ca riDing 6121 t%z 2!ro wI 2852 11w Thevnni, ?'tarsi 
niter of b,idiv aflci *iomal p2-nts are anticipated in 
the regton in b: equent pl^n pe iod s. The paver wsts2s 
Sn the region obould ini!tnfl attamatto load des disking 
ca-pwtoer in the state to .d despatching stations In 
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view of the rapid load development in its region, aid 
fbr opera;loss of the rsttzt more econoileafy. 

The :soutt;ozn region diould ii so install, a digital 
eonmtter n t the ragtemrt land cicn'ntohing station for 

oorthttinr nazdies and other vpershcsr+l pmblas 

n®rtc.ct r±nh to the yote, 

9.9 	The tgionnt 'taootrtoity flaunt should take up long 
ter 'lanning of the tea! .or and to cotxh ct st'tdies to 
identtt!r tt,e trnnrtGion .iM r'eerntion requiments 
eta. ti ",e region aM these vncva should be carried out 
by the constituent w; stuns in phased nanner. 

9.IC 	The Begiornl. 'lactrtciW Thant should al** plan 
more rnrtler of intez%.. trte 3.iyes of adequate a tpacli' 
(considerin^ the outgos of eenenttag; units) for 
rel.tnble apention of the region on inteern.ted basis. 

??pro oter~.tionat benefits srh as rstinbilt r, 
cpirxini; to 92V0 requirement, eoonmie opera Lion of 
units etc. vUl same to the regional grid after 
fnmle^tenting some of the load despltching techniques 
enumeri,ted above. 
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