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Gigantic o3panoion in induotrfoo and awco a Broth 
In population have caucod groat demand for electrical pomr. 

So the rapidly . incraaaing load causes changea in polos flow 
oatterno In distribution flotworfa. The distribution feeders 

got overloaded and the voltagoo at the load buoeo in the 

expanded eye tots got voUatod becouco of the ox eceLvd voltago 

drop. 

A mathonati of model for d .s ribution -  feeder planning 
p oblcm has boon dovlepod in chop tor 3. In this chapter the 

oonsitiv tdoo of line curronta duo to feeder addition hoc boon 

calculptod using A.C. adjoint method which mokea use of 

Tei Uogon' o theorem The dototio of Toilogan' o theorem and the, 

ad, oLnt nottork apDroach to sensitivities used in simple notwor to 

and in potter zzyote i have boon discussed in Chapter 2. 

A hourostc method for primary dfotribut on feeder 
piannLng hoe been presented In Chapter 3. it provides the 

feeder oddittone to be mode for alleviating the ovortoedo 

and also the capoe for Installation in the expanded syoto 

to hoop the voltegoc at the distribution oubntotiono within 

the prescribed Units, The affect of the decision Ia obsorvod 

by carrying out load flow using fact decoupled load flow method. 

Chapter 4 deals with the optimization of various 

nar motors of a diotr. bution nyctem. A math matical model heo 

boon described to Cork out the different optimal poramotorn,, 
to oubetation food area, nunbor of oubstetion,, foodar main length, 

foedor service orea,end number of feeder per vubctatiofl. 
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LIST OF t £OLS At D ABBREVIATIONS 

VX 	voitogo ,n Kt'h  branch of a network. 

iK 

 

Current In K ` branch of network. 

Voltage In K ' branch of adjoint nett ork. 

d 	- Current In h  bran+ b of adjoint network. 

n 	Total number of branches in a network. 

11 	Q* Load bunches 

"G 	W» Generator branchea. 

Admittance of the j t  feeder, 

1 	4-onductenc? Of th  f-vedex 

8Succoptnco of th  feeder 

V 	Voltage of ith  node 

VCN 	Sot of nodes for which the voltage correction 
is hi h. 

t The square of the vola to at i1  node due to the 
addition of jth  fender. 

Current index factor. 

11 	No of existing feeders in 1th  right of way* 

Number of feeders to be added across ith  

branch* 

maximum current in the I th  feeder In existing 
nets-pork, 

Vmox " MO xirnum Voltage 
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vain - GMiaim= Cu.r nt 

i  '. t oc suro Indo x 
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affect indon 

5orioo adnittanco for a feecor connected hottoon 

bus 6 and s 

Y sKM  " charging adm ttance 

A 	- Area of study syotem In .t 
D 	connected load density in w/ q. . 

DR 	— Load diversityector at feeder mains 

Pt 	— Power Factor 

UP 	Ut l notion factor of the transformer in cubotation. 
Nt 	. Nurnber of trancforer In oubsta ion 

a' 	Fixed-  part of tran.cfoor core loss in Kv.  . 

f 	 Variable pant of the transformer core lono in 
K per KYA capacity of the transformer. 

NLS *- Expected life of oubotat ono in yearn. 

Co 	Cost of onoa yr at itch  year 

U 	Annual diccount rate in p.0 

C' 	I" Fixed part of transformer full load copper lots in :w. 

df 	Variable part of transformer full load copper loss in 
K per LQM capacity of the tranoformor+ 

►LF - Lon load factor which is a function of LF and to of 
the form £.LFiA(LF)2+B(LF) r horn A+B a I,, LF Load Factor 
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0  - Radius of circular feed area of secondary distribution 

cubstatio; 

Cf  Food r main cost In R9/ 	i. 

Gi Latoral feeder coat in Ro ' 
1.8 Length of lateral feeder In Km. 

I Dist nce botwoon the consumers. 

f _ Cast of feeder bay which is known in dependently, 

SubstatIon fixed cost in (Is. 

h Substation variable cost 

N Number of source points feeding the primary distribute 

systam. 

C ,o  Cost of 	 .n e d circuit, 

a - Substation food area 

L. feeder main Length 

n f  - Number of feeders per substation, 

V - Percontoqo voltoge regulation of radial dtstris 

button feeder. 

Z 4ig-Zag factor of feeder main. 

H Voltage roguietion constant. 

I VA - apacit 	of substation. 

P - Objectee function for secondary di.str button,. 

F" - Objective function for primary distr bution* 



CHAPTER -' 1 

INTRODUCTION 

Electricity to modern men's most convenient and useful 

fora of energy. It is one of the important factor which plays 

a plognant role in any nations economic and technical develop-. 

ment. Particularly in. developing countries (like India) the 

demand for power Is colossal* This naturally calls for expan- 

s 	of existing transmission and distribution System* 

Distrtbution system is the network which tans out 

from substation (which stops down the transmission voltage) 

to the consumer r anergy meter print* In the basis of voltage,. 

the distribution system has been divided # into primary and 

secondary distribution System. 

Power from various generating stations is carried to 
various priiary distribution substations at 33 to 220 KV where 

it to stepped down to It or .6 or oven 3.3 KY. The power is 
then delivered to different secondary distribution substations, 

bulk supply high voltage consumers. At secondary distribution 

substation the voltage is again stopped down to 440 volts. 

from here the distributors radiate out to feed the low voltage 

consumers. 

1.1 	portancLj4anned dtstrIbution system I 

The alannning of distribution system Plays an Important 
role in providing high standards of power system reliability, 

security,, quality and ensuring maximum utilization of Capital 

investment. 
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Outag. or failure In the distribution system immed 

fatly affect the consumers. In fact WA of the consumer 

interruptions can be attributed to the distribution system. 

In addition distributionsystems are generally more vulnerable, 

and have less back up capacity than bulk power supply systems 

In India distribution lo see very upto about 75 of the 

overcall system loses. Poor voltage regulation being the usual 

problem at the peak hour. There are frequent cycles of power 

shortage Imposing distribution  stricti s. The annual lard 
factor at the station but bar is quite low. It is imperative to 

reduce all these ,deficiencies for the general well being of our 
society* 

so we see that distribution system has a bin's shot* In 
the total paver„ Th. web of feeders has to be an elabroate 

one because of scattered load points& The significance of the 

distribution system can be fathomed from the fact that in the 

some of the electrica& utilities It shares 40 of the total 

investment. Now the expansion of such a large system ( to meet 

the rapidly increasing demand) is cumbersome task and quit* 

often it is done In an unplanned manner. The repurcursstons 

of this haphazard expansions are appalling as it results in lar 
voltage problems# fluctuations In voltage and frequent disruption  

of the power supply to the consumers. Also disproportinato 

expansion may lead to heavy lose of equipment putting the system 

economy In a precarious situation.  Hence the best possible 

solution to to have on optimal system planning and design* 
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There is another factor which stress©s this point* It has 

been aeon specially in content to Indian electrical utilities 

that loads which ore Lara In riagnitudo are spilled very widely. 

The resulting low load densities result higher onorgy locooc. 

A survey has throes light on those losses by concluding that 

they constitute O3;. of the total pover losses of the system— 

dofinitiy a loco to reckon with. The cost of energy being 

i aximum at the distribution level the losses become more acute 

because of large financial loses. Thus planned optimal d ctri» 

butioh network planning  becomes a compieto necessity.  

1.2 	O# ec°tives of diotri. rutior a Item . a ► +ln 

The coin objective of the distribution system planning 

can be defined as s 

I) 	Adequacy of circuit. 

2)Quality of circu t. 

3) 	L.conomy of the system. 

Along with objective certain conctnainta are to be 

satisfied. Since the minimum expenditure to the prime concern 

of any electrical utility#: so the objective 	*' system economy,  

becomes the most significant one.. It takes In to account the 

fixed coot ( capital investment) and variable cost (cost of 

energy Losses). Also it satisfies constraints comprised by 

feeder voltage regulation (which has to meet consumers 

requirements), substation food area (which specifies, optimal notwwa 

configurations) and conductor size of the feeder. On the basis 

of substation area and feeder vuitago„ voltage regulation 

number of feeders are also decided. 
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1.3 	Problems In distribution network °1annin t 

There can be various types of problems which can be 

cons dered in distribution network planning* Few of them 

have been discussed below : 

1.3.1 Distribu ons stem artametvr opttmi atin r z 

In this problem the important parameters of distribution 

system, i.e. substation feed area#  substation size, feeder main 

length,, feeder service arena  and number of feeders per subot- 

ation are optimized. 

The cost of capital investment and coat of energy losses 

are minimized. Thus a solution it reached whore the total cost 

of the distribution system is minimum. 

The problem can be , solved by number of mathematical 

techniques. However a mathematical model to used in chante 4 

and optimal pnramers have been obtained by solving a numerical 

sample problem. 

certain areas like Urban„ are not infected with uncort-

amn,ties nanocietod with i) future load 11) future load 

locations UI) feasible sites of substation and feeder routings 

Thus in those areas the afforeoatd factors can be .assessed vrith 

satisfactory accuracy with the help of optimal problem forru1-

stionf with the help of same devised problem solutions.  optimal 

size and locations of subetatians and actual routing of the 
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feeders can be envisaged with the proper satisfaction of domend 

and other constrants. However these solutions are not oppropric to 

for rural areas because of the various uncortoinitiec which 

crop up in the distribution system of those areas. The various 

approaches to salvo these problems are Integer Programing, 

mixed Integer Progra ing# Transportation and Transhipment 

models, Branch and Bound technique. Dynamic Programming has 

boon used extensively. Sore work has been done by using Quadratic 

Mixed Integer Programming. 

1.3.3 0mtimo1 choice +f shunt pec, iitore s 

Low power factor has been a bane In any distribution 

system because of huge energy looses. The energy loss cost due 

to the precarious Low value of power factor is high. Thus the 

Improvement of power factor has become an Important aspect In 

modern distribution planning. Low power factor is because 

majority of the loads are inductive In nature. Also long dict-

ribution feeders with large number of d stribution transformers 

increases the effective system reactance, there by lowering the 

power factor. 

Of the various rnoesures, use of shunt capacitor has boon 

found effective for the Improvement of power factor. 1octton of 
optimal capacitor is governed by load densities, load factor# 
cost of system capacities and cost of power and energy dtstri-
butod. Also the power factor keeps swinging between 0.6 (during 
peak load) and 0.9 (during light load) in a day. This farther 
puts conctr~int on the extent and typo of on line current 
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capactorrs. c ith Large number of fixc d capactors the over 

voltage problco results, heading to energy losses. On the other 

hand L0 ,sccr number of capactora results In under compensation. 

So an optimal system has to be considered having appropriate 

number of fixed and switching copactoro satisfying various 

constraints. 

Simple but effective Dynamic Programming techniques are 

there to find numbero  location and size of shunt capectors 

Method of local variation is also  popular aeproach. The problem 

of shunt capacto: addition and their numbers has been solved 

in the third chapter using A.C. Ajoint method of sonctivitl es 

and heuristic approach.  

The cost of the feeder is proportional to the area of 

cross section of feeder conductor (both in radial as 	as 

loop system) . The sending end of the feeder (in case of radial 

feeder) carries maximum load where as the subsequent sections of 

the feeder tarries looser loads. This enables us to have different 

cross section along the feeder length. it definitly involves 

#oving In system cost as compared to uniform cross section feeder. 

The conductor gradation problem can be tackled by Linear 

progrctzning and Integer Programming. Some work has been done 

with the help of dynamic programming, Another approach which 

has bettor computational efficiency is method of local variation. 

The problem of conductor gradation of loop net pork has been 
dealt in detail in third chapter Using A.C. Adjoint method of 

sonstivity analysis and heuristic approach* 
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CHAPTER - 2 

HE ADJOflIT I'1TLORK. APP. 0AC!i TO CENSTIVITIES 

The sonstiv itiee arc used to indicate how the output 

varies with the element voluee. it the sonotivity is positive, 

the output Increases (docreasos) If the value of element 

incroonoc (decreases) and when the sen* tiv►ity Is negative the 

output decreases (increases) as the value of element incroasee 

(decroeoos). To find the upper licit of the output the eZeacfnto 

with poaitivo Senctivitiec should be increased and thea,+ 6 is 

with negative aenstivities Should be decreased. 

The technique of ajoint network is highly efficient 

and extremely accurate# Since we seek the aenstivity of the 

output to the changes of the element values# we desire coma 

expression that relates the output to the network element. For 

this. purpose Toliogan's theorem has been used which states* 

if v1 (t)9 v2(t)  -v (t) are nb branch voltages and 
t~ 

11(t}, t2(t) 	.. i( t) are nb branch currents of a given nb 

branch network comprised of arbitrary two terminal lumped element 

than 

£ b v(t) t (t) = 0 

The statement can be looked upon as statement of consor-

vation of energy or power i.oe the total power generated by the 

network rust be equal to the total power conuumod by the network. 

On generoliEing, the Tcllogon's theorem It can be ap iiod 

to two different networks assuming name topology (structure) 
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oven if the voltago end currents ora D000ured at different 
tiro too• 

If v (t), v2(t) • --. -.~. wn (t) are nb branch voltageo of 
b 

on nb branch network and T1( , Tec ') 	- In CT) are nb 
b 

branch currento of another nh branch network that hoc coo  

topology as first then 

Enb v,,(t) tco 0 for all times t and T. 
Kat 

l #o Telxogon"a theorem can be applied to the voltage 
of network moacurod at time t and currents of the name network 

c eacu '+d at time t2. 

Let vo denote the output voltage and It the input current 

of a given network N comprised of resistor as shom.-n in ,Fig, (. a) 
Vo Is measured across the zero valued current source 90 

The introduction of this source does not affect the operation 

of the network but moycly pravidec a convenient branch across 
which to measure the output. 

Assume N contains nb branches# n of which are resistance 
branches numered ,02,, «- 	n and other two which are source 

branches numbered n.1 and n4.2 a nb. tie consider second network 
terned the adjoint network (Fig, 2. b) denoted by that hoc 
exactly the same topology (structure) as No 

If v and lit are used to denote the th branch current 
and voltage In N and t K and 	are used to denote the Kth branch 
voltage and current rospoetly in a Applying Toltogen's theorm 
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Rh 
E vK cit = O 	and 
K1 

n 
Lb iK vK 0 0 
K=1 

to are intzected on how variattano of the element values of 
N affect the output V0. The branch relationship o  
branch of N in v  

If each rontator is perturbed alightly, then branch 
current and voltage will be changed. if AF denotes the change 
In resistance, ~v. the change In voltage and Al the change in 

current of the Kth resistance branch then .(vK + 2v4 4t'  
(1 + iX) for K t, 2 ,—~» nh* Expanding this expression, r we 
hove V +4V K RiY. +I , • R LA K + i L»J 

but  

andbiK &R is a second order term that we assume in negligible 
so we have 

+ RKLiI 

For the input branch, II romaine fired no that LSI X2 0. 
Similarly At0 = o. Since the variations of the element values 
of N don't change its topology Tellegen o theorem can be still 
applied between varied original et work and iR 

n 
T h (v +QvV) 	G 
Kal 
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and 
TI 

KMl  

Ki

K K 

But 

 K*L 

so that 

 TI 
£~h.Qw► 4) and i; bL1 V r 0 
Gal 	 K*1 

which can be corn biped to yield 

L 	K K K vK) = 0 

or 
TI o v°1 9 4i1 V1 	Y0 0 L1 io V0 	lAv - 	v t 
u1 

ReesxIIn+ ~I w 0 mndL\-i0 0 and v1 ARK i1( + t\ K 

for 	9 a 1 # 2. --o—n 

(4 vK OK . d* 

n 
• r' (LI 1K + RK.d I() 1K * 1Lp$K K 

n * 
	(  	 VK)L 	 "K O 	j 

Thexefoxe we have the relationship 
e v1 Q L sL v. 0a + Z((RK r K ' vK )otK 
Kai 

+ 1K 'i'' C1 a 0 	 000(2.1*1) 



Vo desire to find an expression that relates changes in tiro 

outputLva0 to chcnge In the elements L 	The previous 

expression does contain Ova and .LARK as well as some: additional 

terms. The addition terms can be eliminated by appropriately 

choosing olcraento in tJ. Recall that 	 this juncture the only 

restriction placed as i Is that itLhovo the octo network graph 

an N. Observing we find that if we choose the element of the 

branch in i that corresponds to the Kth ( a 1#2—n) resistance  

branch of N to be a resistor of value 	than the branch +relation'- 

ship for this branch is 

V = R( 

Therefore 

so that expression (2.11.1) becomes 

n 
vi#i +AVO*O + 'KOKA z&0 

t = 1  

ori can be el minated from this expression by choosing the 

branch of fl that corresponds to the current source i in N to 
be zero valued currant source, than + 	0• tioreovor, we can 

lot the branch 3 that corresponds to the current source i In N t~ 
be uviity valued current source so that to a 1. Fins l y this 

expression reducon to 

it only the 1th resistor is perturbed then 
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L 0  O for all K I 

v0 =a.ILI 	R 

fore # the unnozna1%zod sensitivity for 
'U 	V 

tw Mui,4 
RX 

iormaUred cnsitivlty for 	.s 

V 	V0  

I = 1*293v 

h.tc result indicates that all censttivlUUes can be 
is ted after two network anaLyis&s z the oraLys te of the 
.nal network N yields the currents 	• I#2r 

analysis of the adjoint network yields the currents 101. 
The sensitivity resets from the product of 

currents* 
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FIG 	2.o 

w 

FIG 2.b 

The nettvity of Vout, withrect to all zvoistors In N can be 
asce&tstn,d after two network enaiyit one on original network 
N and other as ødjolnt network L 



tl4s 

2.1 

The adjoint nowt cpproath can be uood for Dare:-. 

tivity cLnoiyda and jr dient ovolu tion inwor cyotct  

planning and oyot Oflaiy&4 o. The approach utilizoo To l an* o 

th+,rco in an ouc'.xont0 fore t tt 11oo dtffOront poor 

oyotc problems tO bO hendiod booed on o c. povo floe mode 

In gonorol and wi o f nprodnotlono.. 

The epproech provides the ft uib1LLty of including the 
Lino rocpon000 directly rMio tooving the edventogoc of 

tompoctno O, eporotty and SiuplUett1/ of the adjointoycto 

'iochl and PUntol (15)oo rtb the uoo of the adjoint 

noes rk in tronsmtoton cy t planning probici problembased on 

linear d c. powor flew asede1, The e d.. c,. pecor flow coy be 

conoidored of sufftc.cnt accuracy for corn epplicotiono. 

Fiowxovor it Le chorocterloed by r trLctLve oocunptionc of  

nogloctlng traniooion or dlctributton loocee., o,zcitidtng 

roactiv power florin and conoLdoring flat young++ proftloo 

tich rekeo it inodoquc to for o dte oquLri ng rota occurots 

m *1 and oro infootion,  

flechi and t7oo10 (II) hoVo thooroticoUy given an 

oppro.och for tcu10 ng potor flow coriettivitios. it 10 

peon on oro. power flow eodol and offoctivoly a li: o an 

joint nothod to provide the gred onto for eavoret cicoaco 

of functions. The cyot ra ototoo are bus quontittoc Co that 

the odjoint etrtn et   of +roof tcton , is the tronCpoø of the 
original Jacobin aeon. 

0 



As oontionod boloro ToUo on« o the rc to used In 
an ougontad form to bo directly opptLod for of 'iciont 
conot tivi ty onolyol o and gridtcnt colcu3o ttonc. Di Etorent 
typos of fungi .ono can to cono do od. The oleo and the 
oporc ty of the odjoint matr^iM to come cc that of JoCobt n 
matrix of the originalt nottrk, 

24.1 o 	pO  

L *io ocO o that for a givon notrk v1 and i 

ropro cn t the voltage and turrent ver .abl oo and or* m l ax 
in ntuzo, V and 	giro the corroopondtrtg v'oria loo aoc«- 
to ted with topo1ogLci1y LtLor adjoint notwark. Applying 

h e Tollogon' c oquatton#  tith has boon already diocuc od in 
dote .# we hovo 

a 	0 	 e. (24o) 
a 

l j V 	0 	 (2,lb) 
a 

thoro the cub sc ptj ',o' denotoo oth branch and summation to 
cc tried over all tho brmmc ea in notork. 

AD opoetfiod r a f or the 'c Ogen' o oqiatton has 
certain opeciol ca rceo 4c will be u od here* Taking cot plex 
conjugate tormo corcooponding to ( , a) and (2. b), nobly, 

£ V 	0 	 .+ 	! o) 
t 

and 	L 1 17'0 	-n o 	 , 	( 2,2b) 
0 

0  =Coopløx conjugate 
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Concidoring tho pair of poer tomo coo hauo 

a UIQ 1 +t 4 0.4 (2.3t) 

and 	9 Sa e Z (P'0 4 j £ V I 	230 
0 00 

(2.3b) 

Oboorviny ro obovo oquotion via f ,nd that d roction of poor 
and currant ata ceeo. A1001 thorn terms aro holpful, in working 
out tho gonorolity, ich to v411 bo finding. 

Ox`t nig .eQuO tsoin a2..1) -" (2,3) In io+ c of first or4o.r 

changoo in voltage and <ur. ent vari.nb oe in tho gtv3n not3rk,, 

and than with tho help of tthcotico1 od ueto to tho tez c 

can bo put in a ppex m nnor thick to 

0 6V + 	v 	 & 

+ 6( 	 0 	 .a* 	(2.4a) 

or 

	

((T0 . x) +6v 	+T0) +v:+ r •"')61 

	

+ ( V0 	) 61;] s 0 
	 (2,4b) 

Prom oquotton (24o) tome for lltfwory Houk 
o] onto ton bo conn t2ort . Lot. I Z o 2, 3, •,..  n~ idonufy 
toad brnchoo, 9 n#t, 	+ n idontify enorotor 

bronchoo a a m o ire -oI idontify oIac C gonorotor branch. 

' ue from oquotion (2,44) a torn 0000cioLoci 4t ► load to 
conotdozod no 
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'6v1 	 ~ 61 	V & + 6S* + Cs 

Since 

6S, P 6(VL Z) 	v1 x + x a 6v1 

v;o h ovo 

.. 	(2,5a) 

h onco 
c1 [ash 1 V/v 	 (2.5b) 

Suboti. to ting for O1 from (25a) and 1Ii from (2.5b) wo 
obtain 	 . 

6) 

+ C1- /v JS 	a 	r 
(b) A tom of (2..4) as ocia tod with a gonertor is 

co noiderod as  

SV, + . 6V 40 'fig 6Z g » 	& + SS* + S 

Noto that 

6I ,g 1 a 6(V0V) 	► 6 ►* + V*4V 	 (2.7) 

f m thick 

- v;vg/vg 	 . (2.8) 

We noto that the real part of S9. is expressed by 

2 P 	6(5g + S*)=v 61 + I *Svg + VO6i g+1 gV # . (2.9) 

from iich and using (2.8), we obtain 
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Substituting fox_ + V* and + * the term ss, 	4tod with  

generator becomes 

(T1  r; 1 	 ( V 	 9  

'; 	 r 	 v 	). 

+ Cl v' /v . 	+ 	 ) 	 (2.10) 

(c) The term of (2.4) 	rr,onding to the slack bus is, 
for 

r 	so 0 	 60* 	(2.11)  
0 

given by 

(d) Other eL *ntso  e.,, transidssion1ine e e rents#  
ch ac r z by 

- 	 t 	`tVt 	 .o* 	(2.l3) 

lead to the firs 	t xpT*S*1* 

6z t ltY INS +vt  yt  

from vIich 

1t, a ('t 	°t  S `, )/Yt  

0 
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h onco 

6v 0 (6bt - v i4)/'4 	.«. 	c2.14b) 

,ubo tt to U ng (2,14) tnt tio appropriate ton of (2,4) 
to got 

(vo - Vt + Cr * t)t~' tj61 t 

(Tt+ 	(v,'4) 	 (2.]) 

Lot O, w tth docign erartob10 o.g, pa iters of 
pho o €hifting tranfoxrnorc or chunt cont o1 o1caGnta otc. 
Than rto Novo 

SY 'tt 	 (2*3t a) 

honee,, 

+ ' 	 i 	#0. 	(2.16b) 

T of egon ►u rn do n (2,4 can So ro ri tton o 

z 	+ V1 4/v1j ov2 £[ + 

`0 	' gV /Yg + 9 i gg Vg) t g] Vg 

9 *. ( V /Vg) b g (V . V) 6Z, + n .din 



1 

+ £t(Vt "" v, + (Tt  

+ ( t a*vt (T p,/y,~ao,E[a~.TP1/v1j(s1 

C 	1 v1s +` 	+ *q,,/V2,o j (( rgv* g ) 

 ' 	g+ o) 	t(  + 1°t)(V+jYt) ►~r 

'+ I ) 	`Y) 	it. 	cm+ 	.. 	(2 7) 

o we eoe that 	 (v1 	' 'gr £ gl 1t Z) bo a 
onpiic% t porfo;anco or cot o trust function1 we can define 
adjoint elcmont  

•4* 	0 *a 	(2.18) 

filch o1it to to the o p oed one involving 61 and 61. 

Vo ! on recto theremaining copononto of 2.11) an  

t 	t 	O 

+ "meq 	(S + b*)) + £ 	~` 	 ) 
S 

ore  we h vo dofin 	o cdjoLnt o1 onto 

. 	... d 	 r (2.2o)  
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4f 
i V/yg 	- (I v /u9) (ç/vg/vg) » # w (2.22) 

v  t = 	 I + 	)/' to tro (2,23j 

or 
tt +Yt U** 0 Y,+ ),..(2.23b) 

since ,£ ie real 

.0 2,24) 

t 
(2.2) 

2.1 .ib Adi1nk &nd S r 	jr r a dry z 

-Considering. Fig* 2.1 and th* equation associated 
w4 th a , Load bu namely (2.z) 

For+ nven en ce, we writ' ( Z) *e 

T 	 .. 	6 
wA"ra 

and 

J1 	 2.28) 

Fig*  , 2.1 shows th* Independent surc. 	and th* element 

w constderi tLq. 2.2 ersd the a cations associated 
with a genera M bus# 
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squaicon (Z.22) is rewrittn as 

; r; + 	.,. ( 2.29) 

0 	— V9  v • 2Qg ) 	 , , 	(2, 30) 

) 4006V9) /( 2o) 	( 2.32) 

and viher 

20 1 V 	v 

equation 	.' 	i.aa alto rwr1tten (See Fig* .2) in the 

for  

'fig.'v ; 	V 	 .+.(2,33) 

W o so a that Linear oy t (2,29) and (2,33) east be 

solved to define tha ed oint eLnt corresponding to the 
generator in the given network. 

The slack bu conetroint (2.1.8) is illustrated by 
Fig* 2.3.  

Equation (2.23) for the remaining ei+ ents betimes 

ere 

s  ' , l - ► ( Y t  + i) 	.,, (2.3)  

ndcpendent sources L e ccia Lett t.th each branch ste summed, 
as shown in F1., 2, 4, 
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I5 

FIG 21 Adjoint 01cnt 	e1 obtained from a ,( * 	for 
Load t* 

bus 	 bus n 

9 

t n 

FJG1.2 

idjOtflt 4mentl odai obtained  
from the aolu t 	Of *q.(2.29) and 
(2 33) for a generator bug' 

FIG 33 
Adjotht eiement modsi obtalna 
farm. eq.(2.23). for a Slack bi 
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z 	`sm 
T 	t M   

For any , (a 1*  9 or n), L: ere 	'M  identifies thoso 

brunches connected to bUi m distribution# 

2.] • i s'the Ind !►. n:  r a 	i 
0 

Tisa derivation of the adjoint oqu tlono are outlined 

in this ;section 	In general, they take the cor p1.ox form 

LG LN r L L — 

U!. Y  4G Y  *n + 	11 

fore th+ n z n buc ød4ttnco matrix hoo boon partitioned  

into becks 	ociot d ith the Coto of load, generator and 

slack buses of appropriate dimension. Uoto that 5 	and 
ass ocac od variables are sca]ats. 

For load buooe tie lot 

t o * 	... f2,38 

thoro T,and 	are Vectors of dimension n constotin+ 
Of the, v V!1  encs 	, respectively, end 1 	to a diogotal 
matrix r-6000 diagonal olanents are the cor.rcponding 	cf 
2.28). For generator busoo rad lot 

*. o 



t26s 

17G t 	F 	t.. (2 1) 

sNhera ' , 	and * acre vectors of d nsion 
coneitir of the V,1 and ' 
VIGO R,3 and. FG are d +~r nal matr tos os diagonal elements 
are tiike f xsm (2 : ) #. (: 3) and (2.33) 

	

yRS ' 'A, • + JNA y 	 , . 	(2.41) 

400 (2 4ib) 

	

+ ji4 2 	 ..o (2,41c) 

	

M exe R, and M can be 	cr no F thIr, let 

+ J L2 	 ,» (2,42) 

+ , .. , 	(2.42b) 

JQ2 (2.42c) 

+ 2 424) 
G 

G2 

000 	(2,42f) 
02 
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Using the notations  as doscriboi oar1te we arrive at the equation 

9~~ir '002" GIrjG 
	

G28..+$w7I 2. G2G~kY~f~1,. 
 + 	.B vI'T'Y UrS  

'LLL + 	L .  .~ 0L1 	I.I GLS; 

M ~t2 0 c2 

 LNV.fl . + 8L  n2 
aw~rwge_r___ 	 +.riw 	-+rw.nr-

cc c!1 	 to 	~► 	C. 	#tom 

4i4a22G1 G14( ciG 	81 	9+a2G) V82 

G2 

$60 (2.43) 
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whore 

OG2 = 0G2 " ' C2 	 .0 0  (2.44) 

The grove of  (2,4) corrooponding to the load Woos 
are obtained in a et L tforatdmcnncr by substituting tho 
acpar"o tod fo rm1 s of Y 	Y1 	1. J,' end 	Lnto (2.37) 
and (2.3r)v 

For the cenert r bees ,p ono .der the rod part of 

(2.39) Do 

TG2+ 	T +.r32 + V 	0 w (2.45) 

Tho eUbsQt of equo ono (2.37) Corresponding to the generator 
Woos is 

1 0 (G + 	) , 	 ... (2.46) 

there 

.et 
IG  s I + ji 2 	 . 	(2,40) 

Eliminating !Gt  end `G2, rom (2,4) and (24 6) wo obtain 

G2 	 C 2 G2 GG1 cr GI 
*a» (2.4c) 

Equation (2.49) in conjunction L1h (2.(0) ocporatod into 
real and 	mnary panto lead to the town of (2,43) carrot 
pending to the generator #coot. 
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2.1.1d  

Con porin (21W) ttt th (2.1?) coo dorivo tho tailor. nr - 

nv C 	 + 1 	t(tl « 	 /V1)bS ) bS 
l 

fle( L -` 	va ) b , + 1tQ(l.' *,ivy) fbQ j 
henco we can wtl tO 

2Lm(1 	/V) 	 • . ( 2.51) 

W
g 

,, Vol 	2 	~► 	( 2..52) d V 	 X 0 9 

2(o 	Tt + I t 
y 

23a[ v (V + 	, V0) 	 b ` 	(2.54) aaJ 

On aboozving tho cbo.vo egUon + e onciudo thct 
partial dorivt,tivo +depond an unporturbod eurronto trod vo l tagoo 
In original and adjoint nota ork. AfY numbor of variobloo $; j 
con be accom,-aoda tod In th000 tt onolycose Alco if 'f S  c not 
oxplicitly u function of V1. 11, v. I la, It or 4. o partial 
dorirn vo of 'f' with rorpoct .1 	th000 variabloo will bo zoro, 
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it can bo vory roll seen that all tho exproaatono 

derived bbvo arcs functions of v taco and current. Tho 
formulation can bo done In to s of coi plox voltageo 
and currants#, 'buo o branch quont tion a* required for 
the p tcuioa problem* 

2. ,1 a 	ri tb e. 

The cants l qu rititiaa C,F s (VV) send t$~~ - S 
as  well l a the p r. t 	r 	!es been dostgnatod as ,pros.. 
ti ~ciiti 	 Al6 

(s + 

P~ 	( g + ;)/2  

S 
Load flow ac4ut on to obtained by frost docoupiod  

ztod* 

Partial dorivat.tveo of functions fl ip '2'***' f rr, r t 

V10 Vq, 1g 1i I. t are o- aiAO ted. 

Partial dortvottvoo of any funs; tion 'P, 	r. t. co apl on 
variab oo can bo dealt tth. Tv r real quantities are oosignod  

as indopondent control variables of a bue. Then the required 
Partial dorivot .v en Can bO *oily obtained t)y oxproesin • t, 
in tormo of the etr000n centzo 	and -sts oov 
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Define the adjoint parameters required for equation 

(2.43). 

Sty 5 

o1v* th* adjoint syaspten (2,43) 

Calculate the gz~euient vector using equation* 
(2.50) - (2.54). 

if the effect of l ne addition* or removals (as it is 

doraa in the third thatet) t to be dstermin d appropriate 

first-order ct tinges are caicuLate using the jrsdiatit tnfoi.  

mot ion of Stop 5 



CHAPTER - 3 

C. 

4 

3.1 	1NTROt 13 IC311 I 

With the passage of time the load in any area in bound to 

increase. The existing distribution circuits, are overloaded 

because of increase z ir* load* rte can have two options in that 

case. First berg the replacement of the existing feeder by 

another feodor of higher area of crass section* The second 

alternative is of reinforcing the existing feeder with another 

feeder so as to remove the over leads. In this chapter a problem 

has been formulated in which the over .bade are alleviated by 

making suitable feeder additions or replacement. acement. 

There is every likelihood that due to the expansion of 

the distribution system the spec fied voltage magnitudes are 

voileted,' he voltage at the load but may go dim, below the 

preacrIbed minimum level. Also with the increase in load there 

to a possibility that power factor may become loo. The Low power. 

factor seriously affects the system economy because of high oye-

tom losses. 

Voltage correction may be carried out by shunt copactor 

additiono and has boon used in this method* But the constrointon 

the number of shunt cepoctoro is aquou.ly is portant be+rauso the 

over co penootion may result in over voltage which Increases 

the energy losses to thosystom. 

Enormous work on optimal distribution feeder planning has 

boon date. Many rnethode for planning of primary feeder for Urban 
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and rural areae have boon developed. Number of mathematical 

techniquoo have been evolved and used, t}ark has been done by 

using nixod Integer Programming, and Branch and bound Method. 

Algorithms have boon developed and implemented* But these Dothads 

are only for radial and branch feeders.. 

The heuristic method has boon presented in this section 

for prima: y loop fender expansion planning and the aceoc aced 

voltage correction problems A. C. Adjoint method is used for 

deter 3ning senotiv ties of feeder currents and load bus voltages  

due to feeder additions and capactore installations.. In the 

ensuing problem the network expansion y the add tion of feeder 

is the primary decision where as voltage correction pat to given 

the priority of secondary decision* 

	

3.2 	OD . ~ ~ 	~',r 	t  irmaww.wwr 

The distribution primary feeder planning problem hat been 
defined as follows. 

For a particular area with the given load, develop a ouit~- 
able distribution network to that 

	

i) 	None of the distribution feeder is over loaded., 
(i) Voltages at the Load buses are not vollated and the 

coot of expansion Is minislzed.  

The model is developed with the assumption that loading 
is evaluated in terms of the current flowing in the distribution 

feeder because the current affects the heating of distribution 
feeders. 
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3.2.1 Sonctivity!4na1 s 	a , A.C. Mjtnt method: 

Using the A.C. adjoint method of soostivity analysio for 

pots •systeta the censtivity of fender currents and voltages of 

nodes frith respect to various possible feeder additions and 

shunt capacitor Installations ore calculated. 

3.2.1(o) efletijy of "oedor currents due to feeder additions z 

The function f1 ( 1111) for I OVL are chosen rhero  

current In the th feeder 

OVL Set of over loaded feeders, 

The function 	are calculated for every nth feeder addition 

• JSP Adrntttonce of 3 h feeder considered 

for expansion 

G a Conductance of jth feeder 

61 Susceptanco of jth feeder 

From the equation ( *54) the change in the function duo 

to the design parameter ► Is given by 

Let 

	

ej + j 5• ' 	V3 	+ 	= Vi I 	. 	# 

if 

 

a I  a  of 
3 	= I, otherwise 	a 0  

d,~ 2Ro (a3 + job 	2a  



and 

The new function- in given; by Fid  the square of the current 

in Ith  feeder' due to the addition of , th  feeder 

The new current due to the jth  feeder addition is given by 
I 

ij (Pu17  

3,2.1(b) 5enct ui of Node volt + n duo to the feeder additions 

Choose tho function 

(V1i)2  

for I + VQ'J vihore Y = Sot of Nodes for which the voltage 

correction in necessary. 

, Voltage at the it'd' Node* 

In this case 

3 
reprosent the change in the voltAge function due to tho jth 

fender addition* AD rvi  is explicitly not a function of 11,E  

0 

The now function is given by 

The aquaro of the voltage at Ith  Node due to 

the addition of j th feedero 
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dfv 	dfv 

The now voltage at 1th  Node due to the addition of ,nth  
feeder addition is given by 

V jj  a ("f)1/2  

3.2.1(c)  Senotivity of Node voltages due to thecapacito 

The aanat vtty of node voltages duo to the capacitor 

addittono ore calculated in the same sway as due to the , feeder 

additions. 

For every feeder addition and capacitor location under 

consideration, current Index factor and fooltogo Index factor 

is calculated. 'erose factors given en indication of the effect, 

these additions will have on distribution feederd loading and 

the load bus voltage. 

3, 2«  2 Curret t inde f a+ for $ 

The current Index factor for the 1th  over loaded feeder 

due to the feeder addition along the tl  right of say le 

defined as follows 

C. a current index, factor for ith  over loaded feeder 

duo to ,n th  addition or 

mnu 11 If 1j> max i 	;..(3.12) 

there Imax  which is ©aximum currant in 1th  feeder after power 
system expansion 



where 1i = No of existing feodore In ith right of nay* 

Y, = Number of feeders to be added across ith h branch. 

10ax i 	Max currant in the 1th feeder in the oxisting nettork, 

For I a 3, the near, vaJuo of maximum current (after expansion) 
is given by 

1+j  
1 	1 mo 	C 	 3.14) may€; ;; 	ax 1 	~" 	.,"°..~ 

3.2.3 iLolte e, index factor $ 

The voltage index factor for voltage correction nodes 
due to ,nth feeder addition is defined as follows 

Vjet 	I("`MaxI*VI)I+ 	1( Viw'Vmini ) I 1 4 t 	 i VCN 

3.2.4 t easur r index $ 

The nr aauro index of over loaded feeder I due to feeder 

,1 may be defined as 

ij a Ci4 Coot (3)  ...(3.16) 

where Cost (3) = Cost of ,nth feeder addition 

The s sliest of these measure indices points to the most oconomic6l 
feeder reinforcorent to remove over loading of ith feeder. 

3.2*5 Effect index t 

The effect index for any line addition to dofinod 0e sum 
of current index factor for the line and the voltage indon factor 
for feeder. 
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Effect index for feeder 3  

to 	C +V, 	 $.0(•3 ,7) 

Tho effect index given tao poociblo effect the fender 
addition will have in removing the over leads in distribution 
feeder and in bringing back the voltage at the load buae 
with in li tto.. ,':aallor the effect index greater In the effect. 

3.3 	A ,Gf3►F~L `t t 1 

The distribution o pancion planning consist of (a) Gxponcior 
logic (b) Over load Logic. 

3.3.1 Expansion logic 

(1) Carry out the loped flow studies using fact decoupled 
Load flow technique ► Calculate moximun currant 
.1ma and actual current flowing in the • no tt'ork. 

Actual current is given by 

1I (VK " 	*Y + ' YgJ2 	 ,..(3,l8)K 
XxO a Series ad ttance for a feeder connected between buc X and o. 

Charging Adri.ttance. 

( ) Using the A. C. Adjoint method of senctL ity analysis 
for Power system, calculate the voltages of the 
adjoint network nodoc and hence calculate the 
senativitiec of feeder currents in the over loaded 
branches and load bus voltage  due to the vertnuc 
feeder additions and determine the. current index 
factors and voltage index factors* 
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3. Calculate the measure index factors. 

4. For all the feeders find the effect i.ndlcec The 

smallest of these affect indices Indicate the 

groatoct effect on all over loaded feeder-s. The 

most effective feeder addition not only eliminates 

the over load In desired feeder but also have greater 

effect in reducing the amount of over loads in all 

other ioaded(over) feeders. Mane the feeder addition. 

These steps are repeated till all over Loads are 

eliminated. 

It to observed that only reinforcement for ov t loaded 

feeders are effective in removi 	t o over load, 

3,3.2 Voltaqcorrect&on bale s 

r4hon all feeder over loads have been alleviated the 

voltage correction logic is initiated. it follows the following 

steps. 
.R 

Carry out the load flow studios using fact deconpbed 

load flow mohod with . all the . feeder additions made* 

2, Using A.C.adjoint method of sensitivity analysis, 

calculate the voltagecof adjoint network and hence 

calculate the senstivity of Load buc 'voitagoa duo to 

the shunt capacitor additions at the load buses. 

3. Calculate the modified bind voltages due to those 

capacitor additions and find the voltage index factor* 

4* Make the capacitor addition corresponding to smallest 

voltage index factors. 
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GR.,tY OU! 'nib LO~UFLO~t. UX *3 FAST •fACCUPUD tG4 	PLO! 
re~t~ncvs 

' % 	 VOLTAGR 
WpR LOAD- 	 VOILATION 	 SrCP 

INO 

YFa 

{ 
VSi, 	A.C. ADJOINT riE Hoo Cf' SE^SrrVITY ANALY$I5 GaLCULATE SEhBTIVI2'Y OY sDB5Yr3IoM" ius 

WITH RESPECT -ro FEhDwit PARkUTURS 

CSI7 A.C. ADJOIN! wr"oD or SE?crrVrr AM9F,YS28 C LCULAT% CU 2RENF SEtS7NITY WTTN R*DLC7 
TO FEEDER PA!4AMEXER5 

t L ULT 	NE MODIFIE!J CURRENT$ IN DIFFERF;NT £E DCS AND SUBSTATION BUS VOLTA(ds DU! TO 
VARIOUS FEEDER A17DIPIONS 

CALCUTA'! 	".716 CURRSHT !)c FACTORS OF ALL FEEDERS WITH OVERLO►DF.D PEEPERS HAVING FSSDSR 
ADDITIONS 

lX►D Th 	SUW OF CUMIENT INDLX FACTORS OF EACH FEEDER BECAUSE OF VARIOUS FEEDER AITDTTIONI TO 
THS OVERLOADED FEEDERS 

C1► 	S.LTC vmz VJLT%c& INmx 	TORB FOR JILL FE6F?GfiS 

CAf.CUTATE THE MSA Ua& I N, EX FA::TOR FOR ALL FSEDE~RS 

!IP 	Thy MINSMUM ME?~SURE IM X. TACTOR J-- 

NA14s FEdU R AG',ITZONS TO M 	FEEDER U VI* MINIr4M I 
pEA.$URE I t t* x  

CALCULATU 771E SENISrIVI"Iq OF Voirk(a3 OF sUFS'.'AfIOV RUSES OUR 'PO TO mg VARIO i SHUNT 
CkPkCY?Ot Y'8*a1.L&TI& S AND IS;'a 	CALCUTATB T E VOLTAGE INDEX PACTORS 

NA1fR SIIt !' ckpkL"Pc!! 	DiTirWm COzt7F POVDING TO MI'iIMUM V' LtAQR I 	x FACTOR 

L -j 

FTS IM 1 7.1 F#Atd ps4RT•• DTS&IRU?jfY! P4IMAQY F£EI M PIAM~140 AND VOLTAG'R MARECTI-oM 
+ kSu ES' C A PPR 0kQI ,' 
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5. Carry out the Load floc study to varyfy the bun 

Voltog000 

6 	Ropoat the procedure till all voltage oegnuudec are 
with in limits* 

3.4  t F f ALS 	L 

394.1f  iy Bus Y t ! 

A five bus ditributton eyntm shown in Xtg.3.2 it 
considered for expansion and voltage correction. The input 

data required for load flow is given in Table (3.i),(3.2) 
and (3.3). ALso Number of Orad and Power $ubstation,NGP = 5 

Number Of foodero, NF ED 
Number of Power Substation, NPSS 4 
Number of Grid Substation, NGRSS 1 
Number of Typo of feeder considered, 

NTFED a 3 
Number of Substations at which the 
capacitor are tnat.oUled, NCAP 0 
snxiaum number of tterationn,L AX!T 20 
i ffoct on all lino to eannidared0NE 1 
Capacitor Add hone to to be 
con a Bored NCAPAD i 
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FIG.-3.2 	5-US ,SYSTEM 
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8y ob o v # the tb1oo 3 p 3#5 cad 36 to cmciudo tho foodoro 
L,4 and 5 arc over loaded nd tho vggtagoa at tho 0000 2,3 and 

4 tro vaU1atode 

taring 2 foodor addition to feeder 4th, ono oe h to lot and D h. 
feeder the over loading in ollov otod, Alto the Load buc voitagoc 

oro brought v1th in Freocrthod .Umito. So there to 400 not capacitor 

addition* 

Total Prioory foedor pIer fling 'Coat + 9 too* 

MCC he A.C. Adjoint + othod to wood to calculetothe 
conottivittoc of eo t curronte and buc voltojee du(Y to va muo 
feeder ad 	ono d capacitor iflfltOlitiOn1  thO edPentOqOb o f  

mpecinoeo opooity and epictty of the system to capitalized. 
t*thout the uoo of A.C. Adjoint nothod in each iteration load ftovr 
otdtoo hove to be done after each and ovcrr feeder or capacitor 
tnoteUet4en hith to 0 ttoo coi*ng and 	 i + 	proceea,  
H W. ver in A..C, AdJotet thod of ienoittvtty the Lod flow Study 
toono only once thua saaldng vo*y foot and eft*4ent,. The h utoot c 
orproach ucod tz quiff practical end zeoliattc one, ALao prdbLoi of 

r 	Looped feeder pioflMn r hOO boon COIVOd CofltOXy to the earlier 
ottovpte whore softy Problem hoe boon caved for radial and b onchoC 
foo er, 

f- 



U't3F.R OF 
 rkTTIC 	 UkM 4f 	1U41VTZT1 (_ 	.t. 

U'EP OFPOi 
'1J(-1r,ER OF Ci ,' Skr 	CtU 

	 I 
• '!'OF TY P 	AF V}R 	CU:SUl.rP 	3 

1SrR 	OF SJr.j& 	,Vij Ci 	CPAC1'FSAT-E 	L 	AhL 
2 

I 
CALAD I. 

F)r 	3ATA 
TYPr, 	OF 	R1D' sus 

1 20. 
2 

,• 	 , 	 .2 91 
23. .2 	3' • 52' 	,• 	1, 2 it 
36. . 	, 	I 	. • • .O2 J. 8. 

PIG.IT OF 'SAY 
 <rj' :t 	'j'y: L;r 	T 	C) 	OF 	EX 	F 1) 
1 	2 1 2. 1 
2 	3 2 
3 	4 3 2, 	1 1 

1 3 1 2 
U1 	LF 	AO CR11 	S t 1 1' 

• 0. 	2 1.. .- .95 	1,160 
1 	2ti . t. .9S1 	i.t'i) 

1. 	. 1,1.')' 
1 •'S  

lw) O.-49 1. 	. 3 
•nc , 2, 

2 	.( 	)) , 	- 	. ,.• 	 2, 
2 	, 	J.j , 	-. 	•). ' 

2 	.1 •))J  
1 

RA:CIl 	CURR 	xTS LJfl;X !ACTOCS 
1.317823 , 	1,317823 	, I. 

2,i9O2t , ..392o , 	2.;3926  , 
3.31b p 3.31.o 3.531M44 	, 3. 

•577) 6 	393 , 6,88493 	, 
IND .o194 0.61994 

ew 1 x 
2 	j.55O 3•3333 5,61 1 	 179.9 

McE  F.rDEF 	ADI.)JTIO 1'.' 	E,J, . 

	

TtATIUf1 40= 	2 
Ik1CH CUR 	iT5 .t DX 	tCURS 

	

,iOi 1k:+c ),  1.j 

	

1.74575 	p 	1.7 575 

	

3,49725 D 	 47 25 
.242995  ,  ñ,33.73 

iD X rc  . , b9524 
Abtf k~,13 OF  AStJR 1,!D'-" X 
IQI c.cd 

D61T]J. 	Urh K. 

 

ttR.rIii i4O=  3 
'P.A1C1i CURR NTS I 1) :X FiCTQR 

	

1,549425 	, 	t.549425 
p 	3 4 32333 	, 
5, 31D . , 
JLt(F 	X FACTORS 
M1'iiS OF fr 4SUR"L I if)---X 

f\Ac. 	• 	 .)c 

1. 10 4., 278 	1,1 
t.745745  , 	0. U 
3.97250 	p 	3.4i 

6.343273 	4,5975  
u.59524 	o,q524 	t. 
499.5729 	, 	196.57 

, 	1.549425 	, 
p 	3.U32330 	, 3.4 
5,(31RO6 	, 	3.4823 
057833 	0.57833 	01 

40.9294 	, 	154.75 , ' 	'It 	 p 
th'FEEDER A00I1IO 	5i-i R.J... 
TrR TION NO= 	4 
-(/-CH CUPk-< NTS I DIX F-CrORS 

1.518412 	,  t..518412  1.518412  , 
t.S112 	, 	1.5t812 	1.51812 	, 	,O00tu 

Ifl) X F?ACT05 	.t637 	b372, 	72 
T j(Jr OF A1 ASURF I 
7.3717  77.3717  121.1137  , 	7,53Z 

AK: F'DFR AD6ITIC 	f' E .0... 
ir •TiU-J AO  5 

A C1 CURR NTS I DX FACTOPS 
[Et )0, 	. 	+ 	• I 	 o 

ci 	(; 	J'D 	 , 	 ,OC(._) 	, 

ii f'LI 	)1STRIUjT 	xp.- j' 	C ISRV 



tiny Paremetera 

Gross 
Alums 

paximum Par 415 V 3 phase line  11 kV 3 pha•a 33 kV 3 phase • 
Currwnt Phess With comt,ictor lino with cundot• line with cond. 

6.049. 
Aduc• 

Conductor 
nlu. 
Oros of 

aorrylny' roots- np„c(ng,of 1711 w 	cin 	a 	7' 
%,RA ~--~ 

• n • It 

Code Name Conduc. 
capacity tanto Par phase 11aximum  Per pheus MsxiiquM Pa  Per phase f~iK:+•I 

at 50°C at 50°C reactance  kVA reactance  - kVA' reactants  kVA 
Cos arose, 
asotlon (Amp) 

(Ohms/km) (0hma/kin) Capacity  (Ohms/ke) capacity (Ohms/km) ampao+. 

1 Squirrel 20.71 97 1.539 '0.322 69 0.392 1848 
2 	' Go,n.r,  i 25.91 109. 1.230 0.317 78 '0.3.06 2076 
3 Waral 31.21 123 1.U:.) 0.312 '.  00 0'.3U2 2343 
4 ferret' 41.0? 1J5- ̀  U.761 0,306 111 0.375 V53 
S Rabbit 52.21 183' _~ 0.610. 0.300 131 01369 3406 
6 (Mink 62.32 200 0.511 	' 0.296 149 . 	0.345 3'J63 0.383 110119 
7 Us ever 74.07 .235 0.430 0.291 160 0.361 4477 0.379 134,42 
II Hacco6n , 	A 77.83 245 0.409 0.2910 176 0.360 4668 0.378 14004 
9 0ttor 82.05 257 0.305 0.2U9 104 0.350 4096 0.376 14609 
10 • Cat 94.21 205 -0.338 '.  0.2d6 204 0.355 5430 01374 16290 
11 Dog 103.60  . 311 0.307 0.284 223 0.353 5925 0.371 17776 

Voltage regulation constants 

ACSR H. in km-kVA for 1 percent voltage drop at a pf of 
S.No. Conductor 

Code Name 0.60 0.65 0.70  . , 0.75 0.80 0.85 0.90 0,95 1.00 

F,  415 V 3 phaar line* 

t Squirrel 1.458 1.303 1.317 1.259 1.209 1.165 1.1,29_ 1.102 1.119 
. Gopher 1.737 1.655 1.1,84 1.521 1.466 1.420 1.383 1.359 1.400 

Wasaal  .  . 1.997 1.912 1.037 1.771 1.7,15 1.668 1.632 1.613 1.686 
4 Far-ret 2.455 2.368  . 2.292 2.22? 2.173 2.131 2.104 2.104 2.263 
s Habbit 2.941 2.757 2.604 2.624 2.577 2.544 2.532 2.557 2.022 
6 Mink 3..168 3.090 3.025 2.973 2.935 2.916 2.923 2.970 3.368 
7 Waver 3.500 3.439 3.383 3.343 3,219 3.310 3.350  • 3.447 4.003 

6 Raccoon 3.605 3.539 3.41311 3.451 3.433 3,438 3.479 3.591 4.206 
Otter 3.720 3.667 3•621 3.590 3.179 3,594 3.647 3.700 4.477 

10 Cyt 3.909 3.939 3.905 3.8119 3.894 3.930 4.015 .4.194 5.091 

11 Dog 4.103 4.173 4.119  . 4.115 ,4.136 4.191 4.300 4.523 5.601 

S. 	,i1jV3pe0 1 nee • 

1 Squirrel 978. 932 892 856 825 799 778 764 766 
2 Cophur 1156 1107 1065 3027. 996 969 949 939 984 

3  . ++eauwl .13,19 1260 1^25  ` 1108 1157' 1132 1115  1111 1185 

4 fsrret .1599 1552 15111 1478 1451 1433 1426 1440 1590 

$ Nsbult 1830 1707  ' 1752 1724 1705 1697 1704  ' 1741 1903 

1 (link'. 2021 1985 1956 1936 1927 ' 	1930 1954 2018 2367 

Beaver 2212 2184 2165 2155 2158 2177 2222 2321 2813,' 

0 Raccoon 2267 2242 2225 2219 2226 2250 2303 2413 2955 

9 Otter 2340 2318 	. 23135 	. 2304 . 	2316 2347 2409 2536 3146 

'10 Get 2485 2471. 2460 2477 2502 2550 263.5 2800 3577 

11 Oog 1592 2505 25119 2607 ' 2643 • 2105 2010 3008 3936 

to 
	33 kV )phi tine. • 

I. Mink 17760. 17469 17247 17101 17047 1.7113  . 17366  ' 17991 21299 

06over 19401 19105 19045 111994 	. 10053 19264 	'19715' 20663 ' 25314 

} . Haccoof 19069 1967U 19566 19547 19644 19902 20420 21478  ' 26591 

4 Otter 20487 20327  . .20251 20273 20421 20743 21351  '22557 20315. 

Cat 21687 21604 21613 21734 22000 22476 23297 24057 .32196 

6 Oog 22620 22604 22680 22879 23242 23842 24040 26697 35422 



Lina  motara  

Gross  Maximum  per  415 V 3 phase line 11 kV 3 phase  33 kV 3 phase 
Alums-  

Current  phase  with conh~ctor  itnu with oundat• line with cond. ACSR 	nlum 	oar  in V real.- 	n
a  

)ichn uf1?
ax 

 r 
e
i= 1-c-  Ina--  3' $,No. 	Conductor 	area of 	

Cap
acity trnca  Pr phase mimum Per phase Max i 

q
u M S Ler' yh

n 
u

■
a a risso 

Code Nam. 	Corduo- 
 

tot Oros. at 50
°C  at 50°C  reactance  kVA  reectence 'kVA  reactance kVA 

totkGro  (AMP)  
(Ohms/km) (0hma/km) capacity (Ohms/km) capacity (Ohms/ka) cepac4 

1 Squirrel 20.71 97 1.539 0.322. 69 .0.392 1848 - • 
3  Coonar, 25.91 109. 1.230 0.317 78 0.3.06 2076 

Wesel 31.21 123 1 .U~.i 0.312 ' 00 Q'.397 2343 
It Farrat 41.07 155 1  U.761  : 0.306 .  111 0.375 2953 
5 Rabbit 52.21 183.'_ s•0;61U. 0.300 131 01369 3406 . - 
6 wink 62.31 200 0.511 Q.296 149 0.565 3963 0.383 11uu9 
7 Waver 74.07 .235 0.430 0.291 l68 0.361 4477 0.379 134:.32 
8 Hecco°n '  a 77.83, 245 0.409 0.290 176 0.360 4660 0.370 14004 
9 Otter 82.05 257 0.305 0.209 184 0.350 4)196 0.376 14609 
10 Cat 94.21 285 '0.338 0.286 204 0.355 5430 0.374 16290 
11 009 103.60  . 311 0.307 0.284 223 0.353 5925 0.371 17716. 

Voltage rwgulotion constants, 

ACSR H in km--kVA for I percent voltage drop ata or of 

S.Ne. Conductor 
Come Name 0.60 0.65 0.70 U.?5 0.00. 0.85 0.90 0.95 .1.00 

A o 	415 V 3 phivia 	linea 

t Squirrel 1.458 1.383 1.317 1.29 1.209' 1.165 1.1.29 1.102 1.119 
7 Gopher 1.737 1.655 1.rtA4 1.521 1.466 1.420 1.383 1.359 1.400 

S Hassel 1.997 1.912 1.037 1.771 1.715 1.669 1.632 1.613' 1.606 

4 rarest 2.455 2.366 2.292 2.227 2.173 2.131 2.104 2.104 2.263 

$ Habbit .  2.841 2.757 2.604 2.624 2.577 2.544 2.532 2.557 2.922 

6 Mink 3.168 3.090 3.025 2.973 2.935 2.916 2.923 2.970 3.368 

2 Beaver 3.500 3.439 3.303 3.343. 3.319 3.318 3.350  • 3.447 4.003 

G raccoon 3.605 3.539 3.1180 3.451 3.433 3.438 3.479 3.591  . 4.206 

Otter 3.720 3.667 3.621 3.590 3.)79 3,594 3.647 3.760 4.477 

10' Cat 3.909 • 3.939 3.905 3.8119 3.094 3.930 4.013 4.194 5.091 
11 Dog 4.103 . 4.193 4.1.19 	. 4.115 4.136 .4.191 4.300 e.523 . 5.601 

da 	11 kV 'S phren ilnoe 

1 Squirrel 978. 932 892 056 825 799 778 764 786 

2 Cophur 1156 1107 1065 1921. 996 969 949 939 984 
3 ae yawl .1319 126U 1225 `  1188 1157' 1132 1115 1.111 1185 

4 fierret 1599 1552 ,.  1511+ 1478 1451 1433 1426 1440 1590 

1) Hsuuit 1830 1707 1752 1724 .  1705' 1697 1704• 1741 1903 

Mink 2021 . 	1985' 1956 1936 . 	1927 ' 	1930 1954 2.018 ' 	2367 

Beaver 2212 2184 .2165 2155 2150 2177, 2222 2321 2811' 

'8 Raccoon 2267 2242 2225 2219 2226 2250 23(13 '  2411 2955 

9 Otter 2340 2310 2305 2304 2316 2347 2409 2536 3146 

i  10 Cat 2485 2471 24u0 2477 2502 2550 293.5 2600 3577 

111 009 2592 •2505 25019 2607 '2643 2705 21110 3u00 3936 

to  33_ky 3 phase lines 

1. (link 17760, 17469 17247 17101 17047 '  17113 17366 '  17991 21299 

S oaaver 19401 19105 1)045 111994 19053 19264 . , 	'19715 20663 ' 25314 

itaccoon 19069 19678 195,66 19547 19644 19902 20420 ' 21478 	' 26595' 

4 Otter 20487 . 20327 .20251 20273 20421 20743 21351 22557 20315 

Cat 21667 21604 21613 21734 22000 22476 23297 24057 32146 

6 Oog  ' 22620 22604 22600 22879 23242. 23042 24040 26692 35422 



OPTIMIZATIONN Q PAPWIET RS `FO.R OISJRIOUTIt SYST M 

44 1NTR9DUCTX s 

The distribution system is charocterlsed by substation 

'size, size of the conductor#  load densities of the area$  feeder 

main length#  voltage regulation and number of feeders per sub-

station. The optimization of these parameters results in the 

optimal distribution system. 

%e can have number of approchcs to solve this problem. 

' Any demand area can be served with large feed areas having 

lenthy feeders* This results In tare amount of system losses 

but the capital investment is lot** 

The other alternative is to have the area served by more 

number of substations with loss feed area having short feeders. 

This . :.Th  r: 
	results in greater capital investment where so the 

energy losses are minimum. The solution which gives the minimum 

total system cost is taken as the optimal solution* 

The earlier attempts In distribution system planning 

were based on d3fining served dtstr .b ion parameters and patching 

up a relationship between them* Then comp the algorithms in which 

the distribution parameters were optImIzed through simulation 

techniques* in the later works the computational efficiencies 

were improved remarkably„ The mathematical programming techniques 

like Dynamic Prograrnming, Linear programing#  integer Proramxainq, 
Mixed integer Programing, Transportation and Transhipment models 
and Branch and Bound techniques were profusely used. 
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In this chapter n mathematical nodal has been formulated 

to Obtain the optical distributio oystoi parameters» The main elm 

in the formulation in to represent the cont function i.e. the total 

system coat in terms of substation food areawhichIs then minimizes 

Then the optimal substation food area in obtained. The other 

parameters i.e. feeder service area, number of substation, 

capacity of rubatotion number of feeder per substation and 

length of the feeder,,, are expressed in terms of substation feed 

area. So the optimal substation food area Is In turn used to 

calculate the optimal values of other parameters. A problem in 

which the parameters of primary distribution system have been 

optimized, is considered in this chapter*. 

492 	FOP 1ULAT 	O ' eR B L 	I. 

Our objective to to minimize the total distribut.ion system 

cost* So, let us assume that cost function F represents to 

entire system cost which can be defined as fo lvws a 

F a (capital required for feeder 'mains] 

( Capitol required for lateral mains) 

t .•( Capit l required for subs-stations ) 

Capital required for infeed circuits 
to the substation 

Cost of energy losces in transformers 
during their expected sez ice period) 

A constant term depicting cost of 
energy losses in feeders , 

The total cast Of feeder depends on its length and coat 

in ,rupees per t (t hich varies with the conductor size). The 
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substation cost. can be divided tnL throo parts which connioto 

of fixed cost# variable cost of substation and variable coot 

of feeder bay in aubetotion. The drat of ,in--food circuits 

required to food the distribution substation is a Function of 

radius of the oubotntion food area and number of source ottationo. 

Each substation except those at source stations would require iongtl 

of at least equal to twice the radius of substation food area. AS 

for as trannfomatfon lose cost is concern the pronont worth of 

the cost of energy Losses during the expected life of the nubs— 

talion can be defined an [91 

whore 

Cola a, + b1 ft0  

NL$ C0 
a1 0 8760 int to, 	 ~r C'( F)2 

K'  i4) 

NLS ( LF) CO  
~  u 

b 	T AD 	bt Z~ ~o 	+ d OF p 	 ) 
1~1 ~i+u~ 

&4..(4.2.2) 
Kul (I+U 

with 

A o► 	Area of study system in sq. K. 
D s* 	Connected load donnity in Kw/oq. Kra* 
DF F 	Load divoroity factor at feeder mains 
pf— 	Rover factor 
UFr 	Utilization factor of the tranofor aor in substation. 



MMs 

N, to Number of transforser In substation 

a# ~- Fixed part of transformer core brae in Kw.  

b* 40 Variable part of the transformer core lose in Kw per KVA 
capacity of the transformer 

NLS - Expected life of substations in years. 

Card - Cost of energy at Kth year 

U 4- 	Annual discount rate in p,u 

C6- 	Fixed part of transformer full load copper loss in Kw 
d' - 

 
Variable part of transformer full load copper lass in 
Kw per KVA capacity of the transformer. 

LLP — Lose load factor which is a function of LF and is of the 
form LLF a A(L.F)2 + S(LF) where A + 6 a I# Ly a Load factor 

The equation (3,6) has boon obtained considering the fact 
that toot of energy lofts Is a functionof the cost of energy par 
Kwh distributed during that years The cost of energy keeps :0Y 
increasing due to rising prices of distribution system para-
phernaLi,a, construction and matnt.nance. The resulting affect 
of Increase in cost of energy losses has been considered In 
equation (4.2), (4.2.1) and (4.2,2). 

Now consider a constant system area A sq. . Let us 
assume that load density is uniform in the area with all dietr-
ibut ion feeder being radia, * alike and having same conductor 
cross—section through out the feeder main* Lot thee be na 
substation each of KVA capes ty and having a substation food 
area a. Also lot the number of feeder per substation be n , with 
feeder main length equal to L. Optimal values of all these 
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Parameters are to be cleculated. The parameters„ can be ropre. 

rented in terms of substation fear area, a as (9J 

L1 a 72 as 

n o f 	, 	, a3/2  

where 

V a Percentage voltage regulation of radial distribution 

feeder. 

i: LDF4 PWP$). j /3 

Z  Zig tag factor of the feeder main 

H 	Voltage regulation con-scant to be obtained from the 

speeified table;. 

at at f 

3/2 p 3 

De. 
KVAa 

Now using equation (4.1) and equations (4.3) and (4.8) 
the objective tuncti F' for secondary distribution s-ysten is 

expressed to to c of substation food area as as (9). 

F' ' 	a5, -' (3 	f+~ a 	+ G'3 + G4 c!e a 
• (S 1 • a1 A) a 

where 

YJL 
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02 a  r~41 

AC' 
03*itr+ b +  ...(4.12) 

04 a 

Sitii1cr1y the object ve function for primary distributionIs 

•xp creed as (9] 

I(cc) 	'
(

R}) 	 * 	
1/2    ( 	 .i 2 C 	5 

• G+04Cie as 

(+ + &,, 	. 

whom 
t a ~ 	 ,►.. (4.X5)  

11 P 

At 
+C 	A 	 + ►, 	 .. ,(4a6)  

where 

R~ 
 

Radius of circular feed area of secondary distribution 
substation* 

Ct - Poedor rain cost In /Km 
C - LatexaL feeder cost in Re/ Km. 
Lo — Length of lateral feeder in Km. 
I - 	Distance between the consumers* 
f w . Cost of 'e,d,r bay which to kno in de ndtly« 
a 	Sub tatjon fixed cost In Re. 

Substation variable cost 

N - 	Number of source points feeding the primary distribution 
eye tea. 
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Cie  - Cost of inf,,eed circuit* 

To minimize (4.14), di?ferenciateit with respect to a5, we get 

:2 + G7 	3f2 	G4 ° fe e1/2 + e " A 
O  

where 

` Cfe 

GG(c 	 W 

...(4.18) 

The equation (3.1) is the final equation from which 
optimal substation food area 	can be calculated. So#  using 
equation (4.3) to (4.8) the required optimal parameters-  Li', 4, 
$ , at and substation Capacity KVA are obtained. 

4,3  1LUMERXCAL EXA 

Using the model described before a sample problem of 

primary distribution system has been solved* The data used for 
the problem is given below. 

Area Of the s stem (A) 	 1000 sq. bra. 
Load power factor (pf) 	 0,8 
Load density con.átdered (D) 	 10 w/sq.Km. 
The annual rate of growth of cost  
of energy 	 1 
Present cost of energy (Ce) 	 As. 0.2 per Kwh 
The annual discount rate Cu) 	a. 	0,1, 

Life of the transformer (NLS) 	 3 years 
Primary distribution voltage 	 11 KY 
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Subtrancminaion voltage a 33 KV 

Cott of .infeed circuit (Cie ) Ra., 40,000 pot 
Load factor 	 (LP) 0.2 
Loco load factor 	(U.F) a 0,072 

Avorago diversity factor(DF) 2.5 
Average zig-zag factor 	( ) a 1 4 

Average load dictribution 
fcctor 	 (LOP) 2.12  
Radius of the circular feed croa( ) 0 
of cecondary distr but on substation 

Feeder main cost 	(Cf) a Re. 18700 per 

Lateral feeder cost (c An* 11#000 per Km. 
Number of transformer in a 
substation 	 (fit) 

Percentage voltage regulator of 
a radial distribution feeder CV) 
Voltage regulation constant (H) 
for conductor-Rabbit 1705 
Utilization factor of the trano 
tome: in •Oubstotion 	(UP) 0.8 
Substation cost 	coefficients 
Substation variable toot (h) o38/ YA 
(capacity component) 
Subototion variable cost Cf) Re. 75,000  
(foodor bay component) 
Substation fixed cost 
component 	 (e) Rs.630,000 
Transformer lose coefficients I 

Fired part of tranefo 	er 
core loss 	 (a') 0.725 lcw„ 
Variable pzrt of transformer 
core loco 	 (b') 0.031155 K /KVA 



Fixed part of transformer 
full load copper bras 	9) 	a 	3.9 Kw. 
Variable part of transformer 
full load cor per lose 	(d') 	a 	0.00605 Kw/KVA 

Conductor cod* name for 
primary distribution 	 a 	Rabbit 

Conductor code no for 
secondary distribution 	 a 	Gopher 

Solution t 

Using equation (4.5) the ►aloe of 

K1  ' 5+477 

From equation (4,, 2.1) i 

a, a 4206*634 

From equation (4.10); 

CM, a 0.863 

From equation (4l3) 

04  0 1128,379  

From equation (4.15);  

0 * 1*093 

From equation (4.8)1 

5522,331  

From equation (4,19) 

08  - 4372.532 



rutting the v aluo in the final equation (4.17), wo obtain 

the equation 

4' 0.631 105 -, 5161 , 2178x0'5 - 149043.39=0 

The above equation It oolvod by using Ner ton RapPoon 

tothod. The opt t u1 substation food area, a a 504.40 sq.Lra  

Wo from equation (4.3) 

L'11.73Km  

From equation (4.4) 

fl 8 

From equation (4i6) 	
0 

From equation (4.7); 

of  63.05 eq.xn. 

From equation (4.8); 

I(VA = 3152,5 

tooultq g 

`'hue for the aystosn area of 1000 oq,Km with load density 

10 Kw/egw a and load factor being 0.2, the optical para torn 

of the distribution syotom are as follows 

(.i) 	Subetotion feed aro , a 	0 	504.40 sq.Ki . 
• (ii) Feeder cervico area, 4 	cq.Km 

(iii) Number of eubotation, no 	2 

(iv) Capacity of the aubotot&o 	3152.5 KYA 
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(v) 	Number of fbedo: per 	 8 
per substation 	x► , 

(vi) Length of feedot 	 17,73 i. 

4.4  _ ____  I 

Most of the methods# mentioned before are generally 
plivnble to urban areas where the location of future loads 

is kno,n in advance through master dovoLo ont plans. However 

the methods cont be used in rural areas because there the 

location of Futuro loads is h ghLy unpredictable. This method 
used in such Cases with effoct venosor Various factors like 
load factor *  average diversity factor*  zig zog fec or,avorogo load 
distribution factor have boon considered In the model which 

delivers much batter and realistic resulto. The optimal para 

asters give guidelines for evolving appropriate distribution 

system planning polices and future expansion in an optimal pay. 
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stribut on oyotem to an intogorel part of per 

cyotcrn. In the present work light has boon thrown on couple 

of methods for optimal distribution substation and primary 

feeder planning. 

The One of the important factor which hoc boon 

taken into consideration Is the rapidly increasing load growth 

in any area. The mcxc. used future domond may result In the 

overloading of feeders in distribution network and also the 

voilation of voltage magnitudes. ModGi hoe been formulated 

for orpaneion of primary feeders and associated voltage. 

correction* So a suitable plan is obtained for primary feeder 

planting 

AX-adjointmethod has boon used to find the sonstivitivc 

of feeder currents and load but voltages due to various feeder 

additions. A houreatic approach has boon used for the oxponsion 

which is logical and is bawd on the rules followed In the field, 

and to used In actual practice. The loge being- select the 

feeder (for reinforcement) which Is most effective e in alleviating 

overloads in distribution feeders and voltage correction at 

the substation* 

The Load flow reaulto are obtained with the help of fact 

decoupled method rrhLch is quite an efficient technique. The A.G. 

Adjoint method which has born used to calculate ° the sensitivities 

of feeders and node voltogoc, simplifies the wholo problem groat]. 

In each iteration the toad flow studios ore done once* On the 

other hand without Ito use, to each iteration load flow otudy has 
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to be done after each foede r addition, This is very time 

consuming and sluggdsh process. Another novelty In the work 

being that an attempt has been made on solving the looped 

feeder planning problem 

Some tunes a whole distribution system is to be planned 

for a new area (specially .rural) or existing area of given load 

density. The problem has to be solved soi'od in an optimal ways One 

of the way Is to optimize the various parameters which defined 

the distribution  systems* A mathematical model has been used 

in the present work to find the optimal values of the different 
para eters which qi quidlines for drawing stat.gies in 

distribution system policies and future expansion. 
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1)"A 

ZL"Ajh OF,ME- PR03 tl  

Tho structure of the prograt1zQ ucod to shy in l'iguro (A.i] . 
The trbrout no XNDPH rot d the input data to ba fod DAT ADR 
c cuLateo the valuoo of var obi.eo like foedor roaiotanco, 

r octanco for whole of the cyeton» 

The subroutine ADJ fortn the odja nt .L.H, S. motrtn., The 
currents following in the,  feeders cnd the mx1mum cure into in 
the foedora are oleo c . cu3ated. The oubraut no AD Ji , fo o thy! 
R HH, . odjoint v°oCtor and dnto inaa th aenetivttt a of tho 
fonder cur ate and the load hue voXtge functiono duo to feeder 
oddittono end shunt capoe for Location. Subroutine VOLT fin" . 
out if the voLtage at he load buses are voU a ed The oubrout e 
GJOR invorto the L. , « odjottt notr x* FADEL ' corrioc out load 
fLOe uotng toot docupiod technique, 
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input tae to be _given s 

{a) NP — Number of grid and power substation. 
(b) NPD- Number of feeders in the system 

Cc) NPS - Number of power substation. 

(d)  NSSsiNumber of grid substation.  

(e)  NTFED4urnber of types of feeder. 

(f)  NeAP— Number of substation at which the 
capacitors are Ins tilled* 

t IT-Mex mum number of Iterations 
(h) l4EV 	0 — Only the effect on over loaded 

lines is considered, 
0 Effect as a l lines is considered. 

(i) NC AD '0 Capactor additions to be considered 

after distribution  expansion. 

Ci) NBC ► 

(2) Feeder Data : 

TF 1D 	Ao 

(b) COSFV 

Cc) 	RF 

(d) 	XF 	O. 

Type of feeder 

I — Squirrel 

Gopher 

3 - Rabbit 

Cot/m of 1th  type of feeder 

Resistance/phase/.Km of ith  typo 
of feeder. 

ft actanco/phase/gym of 1th  type  

of feeder 
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Ce) 	SF 	4- 	scoptance/phase/ Cr of Lth  type 
of feeder. 

CURAT 	Currant carrying capacity of 1th  

tyle of feeder 

9) B MVA lance MVA 

(b) BASVOL Base Voltage in KV 

(1) LFR ; , LTO — Line terminating buses. 

( 	) F DTY •► 	Type of feeder of 1th  

k) LEN F' - 	Length of feeder in jth  R.O. +' . 

3. Power an rite ubs ton Data s 

(a)  - % capacity ofsubstation/phase 

(b)  GMYAPS MYAR capacity of su statton/phese, 

{c) V or BVZ Specified No 	ai Voltage 

Cd) IN Specified minimum Voltage of 

substation. 
(e)  VMAX Specified maximum voltage of 

substation 

(f)  Type of substation Grid/power 

If 0 — Power 

OR if 3 » Grid 

(g)  N1JtXF Number of existing feeder etngie/ 

double. 

(h)  NU XP 	» d#  If can be expanded to double. 

Otherwise zero. 
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4. capec1tor Dote  t 

	

3 	X 
	 Sun number having capacitor 

	

(b) 	BS 	as 	Susceptance of the capacitors 

at each bus. 

U 
5. NOW Ca ec .tor Data 3 

 

 

(a) 	cO 

(b) B&S 

Cost of installing a capacitor 

of size 8s$ 

usceptance of each capacitor 

unit of shunt capacitor. 
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