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 The main aim of this research work is to analyze and develop voltage up 
gradation procedure model for effective & economic power distribution in 
urban and suburban area. Voltage up gradation from 6.6 KV to 11 KV of the 
distribution power system network has been considered for the proposed 
research work. Electric power consumption has been increasing 
uninterruptedly, being this increase specially accelerated in the last few 
years. Nowadays electric lines are saturated; they are reaching critical values 
of ampere capacity and sag. Therefore, building new lines has been necessary 
to provide the ever increasing consumption.  The difficulty to find new 
corridors to construct new distribution lines, underground cables is 
increasing in cities, industrial areas and in many cases it is simply 
impossible. The construction of new electric lines is increasing difficulty, 
thus there is a need to look at alternatives that increases the power transfer 
capacity. Voltage up gradation of the existing electric cables/lines of the 
distribution system is the most viable solution and it stresses on the savings 
of power due to a reduction in system losses when the voltage is high. The 
proposed research work is to develop and analyze voltage up gradation 
procedures and protocols for converting 6.6 KV network into 11 KV network 
in a distributed system. It also takes into account the expenses incurred in the 
process and the various other important constraints. 
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1. INTRODUCTION 

Nowadays power systems are complex networks. The high density load poses great challenges for 
providing adequate transmission and distribution facilities. There are a large number of generating stations 
and load centers that are interconnected through power transmission lines. Electricity is generated and 
supplied to consumers via transmission and distribution networks. Power systems of the modern era are more 
reliable and serve customer load without any interruption in utility voltage. Generation facilities should have 
the capacity to produce the required power to meet the customer demand. It is the responsibility of the 
distribution system to deliver electricity to each customer’s service entrance. Due to the greenhouse effect, 
the climate itself is changing, thereby putting the life of plants and animals at risk. Now the whole world is 
thinking about reducing the carbon emission for saving the earth. Different means for reducing the emission 
of greenhouse gases are thought of by different agreement made in this direction like Kyoto protocol where 
each nation has to reduce emission to an extend. In this case the one of the important areas is emitted from 
power generation. With increasing use of computers and voltage sensitive equipment, more and more 



      

IJECE

2517

custom
electri
indire
highe
involv
evalua
provid
prima
direct
upgra
voltag
feeder
feeder
cost i
plann
 
 
2. V

S

6.6 K
substa
substa
substa
with p
 
 
3. S

the ty
distrib
 
 

feeder
consis
consis
13 no
transf
from 
off ha
transf
transf
transf

  

E Vol. 6, No. 

mers are dem
icity generati

ectly the cost o
st load densi
ves a study a
ating several 
de the require
arily identified
tly specifies 
adation proced
ge upgradatio
rs, while, the 
r current as c
is, to some e
ing of distribu

VOLTAGE 
SUBSTATIO

Replacem
KV to 11 KV o
ation will pre
ation that is to
ation will be 
provision for a

SELECTION
Selection 

ype of custome
bution transfo

Figu
 
 
Normally 

rs. Figure 1 co
sts three incom
sts of two num

os 12 KV swit
former and a b
Bus A of Pan
as been made
former. Subst
former. Subst
former.  

6, December 2

manding high
on and distrib
of power gene
ity requiremen
analysis of up
alternative op
ed capacity [1
d by the alloc
the length an

dure model ha
on procedure 

loss cost is m
constraints nee
xtent, compar
ution network

UPGRADTI
ON  

ent of plant at
operation toge
sent significa

o be located on
of a 66/11 K
a third transfo

N OF TRANS
of the networ
er. Figure 1 sh
rmer DT and 

ure 1. Typical 

33 KV substa
onsists of thre
ming feeders 
mbers10/15 M
tch gears whic
bus section. F
nel no 106. An
e in the subst
ation SS2 ha
ation SS4 ha

2016 :  2516 –

her reliability 
bution is no 
eration by redu
nts, the propo
p gradation o
ptions, Wester
16] is to upgr
cation and siz
nd route of 

ave to be deter
model is req

minimized and
ed to be main
rable with th
s are dedicate

ION MODEL

t the existing 
ether with ins
ant challenges
n land immed
V design with

ormer and a th

SMISSION N
rk is based on
hows the sing
outgoing feed

Arrangement 

ation consists 
ee incoming fe
(I/C1, I/C2, I

MVA Distribu
ch having 10 n

Figure 2 ring1
nother end of 
tation SS3 for
aving 2 x 100
aving 1 x 100

– 2525 

and quality 
exception to 

ducing the loss
osed work is

of voltage fro
rn Power has 
radation of op
zing of distrib
MV and LV
rmined along 
quired to min
d the system r
ntained within

he MV netwo
ed to the plann

L IMPLEM

substation to 
stalling transfo
s. The work w
diately adjacen
h two 33 MV

hird line at som

NETWORK 
n the voltage o
gle line diagra
ders.  

 
of Single Lin

of two incom
eeders connec
I/C3), bus sec
ution Transfor
nos outgoing 
 of 6.6 KV ne

f the ring, 6.6 
r the system 
00 KVA tran
00 KVA tran

of supply.No
it. Hence, to 

ses through an
s taken up. T
om 66/6.6 KV
concluded tha

perating voltag
bution transfo
V feeders. Th

with cost and
nimize the in
reliability is m
n their standa

ork cost, the m
ning of MV ne

MENTATION

convert the s
ormers of high
will involve th
nt to the existi

VA transforme
me later date. 

of the circuit,
am of 33 KV s

ne Diagram of

ming feeders, b
cted to 33 KV 
ction (B/S) an
rmers (DT 1 &
feeders, two 
etwork. At on
KV is feedin
stability. Sub

nsformer. Sub
nsformer. Sub

owadays it is
reduce the c

n up gradation
he Australian

V to 66/11 K
at the only fea
ge. Distributio

ormers. The lo
he practical a
d time analysi
nvestment cos
maximized. Th
ard range. Alth
majority of th
etworks [1-13]

FOR PRIM

econdary side
her capacity. 
he constructio
ing 66.6/6.6 K
ers and two in

load on the c
substation wit

f 33/6.6 KV Su

bus section B
bus. 4.33 KV

nd two transfo
& DT2) conne
numbers 11kv

ne end of the r
g from Bus B

bstation SS1 h
station SS3 h
station SS5 h

       ISSN: 2

s a competiti
cost of distrib
n of voltage, to
n distribution 

KV in a netwo
asible solution
on network p
ocation of tra
aspects of th
is. For this pu
st of transfor
he voltage dro
though the LV
he published 
]. 

MARY/SECO

e of the substa
To convert th

on of a 66/11
KV substation
ncoming line

circuit, depen
th incoming f

 

ubstation 

B/S and two tr
V Bus bar (BB
ormer feeders.
ected to Bus 
v bus incomes
ring, 6.6 KV 

B of Panel no 
having 1 x 1
having 2 x 1
having 1 x 1

2088-8708 

ive world, 
bution and 
o meet the 

company 
ork. After 
n that will 

planning is 
ansformers 
he voltage 
urpose, the 
rmers and 
op and the 
V network 

papers in 

ONDARY 

ation from 
he existing 
 KV zone 

n. The new 
s initially, 

ding upon 
feeders IC, 

ransformer 
B1 & BB2) 
. And also 
Bar1 & 2, 
s from the 
is feeding 
105. Ring 
000 KVA 
000 KVA 
000 KVA 



IJECE

E

 
 
3.1. R

upstre
cables
work 
transp
recon
out th
cable 
pipes,
as me
the dr
After 
OLTC
test, w
HV/L
cable 
Check
status
from 
Bucho
the pr
relay 
relays
 
3.2. P

Ring M
repair
 L
very c
 
 

 
 

to be 

E  

Environment F

Replacement 
Apply out

eam/downstre
s, earthing's, e
to be carried 

port to site an
firmed in the 

he new DTs ea
box as per t

, conservator t
entioned in the
rawings found
the DT oil tem

C and conduct
winding resist

LV power cab
with new cab

k oil leakages 
s of the DT va

remote. Carr
oltz alarm, M
rotection relay
operations, 

s/alarms. Retu

Procedure to R
Figure 3 s

Main Unit (R
r and maintena
Load sparing 
convenient. Fo

Figure 3. Typ
Pocke

Replacem
taken before

Fridently Volt

Figure 2. Ty

of Distributio
tage for the re
am circuit bre
etc., and mak
out to suit for
d safely posit
DT name pla

arthing. Assem
the supplied i
tank, radiators
e O&M manu

d on the name
mperature has
t oil test (the 
tance tests, et
les after cond

bles. Recheck 
 from radiator
alves as per th
ry out DT p
OG alarm, an
ys are set cor
etc. Confirm

urn the work p

Replace 6.6 K
shows a pock

RMU) is utilize
ance. Limited
is possible fr
oundation req

                    
 
 
 
 
 
 
 
 

 
pical Arrangem
et Substation w

ent of Pocket 
e and during 

I

tage Upgrada

ypical Arrange

on Transform
quired DT to 
eakers are trip
ke ready for re
r the new DT.
tioned on a fo
ate). Also conf
mbly of major
instructions. F
s etc., as per th
ual. Check the
 plate. Carry o

s come down t
BDV should 
tc., to ensure 

ducting Megg
the control/pr
rs, valves, etc
he name plate
rotection che

nd its trip oper
rrectly and te

m that alarm 
permit for DT 

KV / 0.4 KV P
et substation 
ed instead oil 
space is requ

om a commo
uired is very s

                      

ment of 11-6.6
with SF6 RMU

Substation (T
the work as 

ISSN: 2088-87

ation Model fo

ement of a Rin

mer Model 
be replaced. A

pped, kept in t
ecovery. Arra
. Identification
oundation. Ins
firm the DTs 
r accessories o
Fix all the ac
the supplied m
e ratio links a
out DT oil dry
to normal tem
be more than
 that the DT 
er testing. If 

rotection wirin
c., If oil leakag
e details. Carr
ecks like oil 
rations. Also 
ested properly

circuits are 
energization. 

Pocket Subst
[15] comprisi
type. Easy for

uired. For easy
on point of so
simple. Figure

                 

6/0.4 KV 
U 

Transformer +
per safety m

708

or Distribution

ng1 Main Dia

Avail the requ
test position/lo
ange to recove
n of equipmen
stall the new D
vector group 
of transforme
ccessories lik

manual. Fill up
are fixed in 11
ying out proc

mperature, take
n 60KV). Con

is set into th
the cable leng
ngs. If not, cor
ges are found,
ry out OLTC 
temperature 
confirm fan s

y. Conduct fu
operating ea
 

ation with 11
ing a transfor
r transportatio

y removal and 
ource. For tem
e 4 shows a po

 

Figure 4. Typ
KV Pocket

+ LVDB + Rin
manual. Carry

n Power Syste

agram of 6.6 K

uired DT outag
ocked. Discon
er the DT.Par
nt in the store
DT having a d
is as same as 
r such as radi
e HV/LV bu

p the new DT 
1 KV. If not, 
ess as recomm
e the oil samp
nduct the requ
he required ra
gth is insuffic
rrect it as per 
, attend imme
operations fro
alarm, windi
tart/stop oper

unctional chec
ach and ever

1 KV / 0.4 KV
rmer, ring ma
on. Compact a
replacement w

mporary suppl
ocket substatio

 
pical Arrangem
t Substation w

ng Main Unit)
y out a site v



ems (K. Nithiy

 
KV Network 

ge. Reconfirm
nnect the HV/
rallel civil mo
e, collect the e
dual ratio (Th
the previous 

iators, conserv
ushings, interc

oil to the requ
change the lin

mended by the
ples from the m
uired DT tests
atio. Reconne
cient, change 
the approved 

ediately. Confi
om local and 
ing temperatu
rations. Confir
cks like CB o
ry time. Rese

V Substation 
ain unit and L
and less weigh
without major
ly, pocket sub
on with oil RM

ment of 116.6/
with OIL RMU

). All safety pr
visit in advan

 

ananthan) 

2518

m that DTs 
LV power 

odification 
equipment, 
his may be 
one.Carry 

vator tank, 
connecting 
uired level 
nks as per 
e supplier. 
main tank, 
s like ratio 
ect the old 
the power 
drawings. 

firm all the 
as well as 

ure alarm, 
rm that all 
operations, 
et all the 

 
LVDB.SF6 
ht. Easy to 
r changes. 
bstation is 
MU. 

/0.4 
U 

recautions 
nce by the 



      

IJECE

2519

conce
new e
any d
meter
steps.
noted
phase
 
3.3. P

voltag
to be 
Proce
execu
comm
Comm
shown
 
 

 
 

comm
new R
discon
up ch
engin
be fur
 
3.4. S
1) A

se
2) P
3) E
4) A
5) N

v
6) T

1
th
fe

7) T
8) N
9) N
10) C
11) E
12) E

o
a

  

E Vol. 6, No. 

erned site engi
equipment wit
discrepancy. O
r details of th
 Remove the 
. Place the ne

e markings. No

Procedure for
Ring main

ge transformer
taken before

edure. Check t
ution of the j
missioning pr
missioning En
n in Figure 5. 

Commenc
missioning eng
Ring Main Un
nnecting, und

heck list, befo
neer. If the exi
rnished.  

Step by Step P
Avail the outa
ection in close

Put the second
Energize the D
Avail 11KV bu
Normalize the 
voltages which
The outage of 

1 KV which i
he 11 KV and
ed from the D

The same proc
Now BB 1 is s
Now avail the 
Change the vol
Energize the D
Energize the B
off the BS and
adopt for the en

6, December 2

ineer in Subst
th the details 

Obtain counter
e existing poc
pocket substa

ew pocket sub
ote down the m

r Replacemen
n unit (RMU)
r as single rati
e and during 
the site in adv
job. Co-ordin
rogram. Obta
ngineer. Chec

Figur

ce disconnecti
gineer. Discon
nit. Connect e
er the supervi

ore giving cle
isting RMU c

Procedure for
age of DT 1 o
ed condition. 

dary voltage of
DT1 transform
us bar 1 outag
bus bar 1 wh

h is serving th
the first secon
is connected t
d the same wi

DT1.  
cess will be fo
erving the ent
outage for DT
ltage ratio fro

DT2 and check
BB2 from DT2
d connect the 
ntire ring.  

2016 :  2516 –

tation section.
mentioned in

r work permit
cket substatio
ation after disc
bstation in pla
meter details o

nt of Ring Ma
) replacement
io is to be repl
the work as 

vance and tak
nate with the
ain necessar

ck ring cables

re 5. Typical A

ing all the cab
nnect earthing

earthing to Rin
ision of the co
earance. Sign 
ontained HV 

r Up Gradati
of the primary

f DT1 from 6.
mer only and ch
ge after closing
hich is fed fro
e entire load. 
ndary substati
o the bus bar 
ill repeat until

llowed for the
tire load which
T 2 and bus ba
m 6.6 KV to 1

k the stability. 
2. Parallel the 
first ring to th

– 2525 

. Compare the
n the job orde
t and key(s) f

on. If a tempo
connecting ea
ace and re-con
of the new po

ain Unit 
t is only requ
laced with du
 per safety m

ke necessary a
e Commissio
ry counter w
s are grounde

Arrangement o

bles, marking
g lead. Disma
ng Main Unit
ommissioning 

and return c
Metering equ

ion of Voltag
y substation a

.6 KV to 11 K
heck the stabi
g the ring off 
om DT1.At pr
 
ion of ring on
1 and next sec
l all the secon

e entire rings. 
h is 11 KV fe
ar 2 which is h
11 KV of DT 
  
 BB1 and BB
he BB2 and r

e equipment d
er. Get clarific
from the comm
orary pocket i
arth leads and
nnect the eart
cket substatio

uired whereve
ual ratio voltag
manual. Rigge
action so that 
oning and Pla
work permit 
ed at the resp

of SF6 Ring M

g the cores car
antle the unit 
. Reconnect c
engineer. Car
ounter work 

uipment, then 

e in the Netw
and bus bar 1

KV ratio.  
lity.  
position of th
resent BB1 is

e will be carri
condary subst
ndary substati

 
eding from D
having 6.6 KV
2.  

2 through the
run off to mak

details of the e
cation from th
missioning en
is not required

cables, after 
hling leads an

on. 

er its having 
ge transformer
er Group to 
shutdown can
anning engin

from the 
pective ends a

 
Main Unit 

refully, under
and remove o

cables as per t
rry out all rele
permit to sub
the details of 

work 
will be fed f

e entire rings.
s 11 KV volta

ied out. Conn
tation outage w
on are connec

T1.  
V supply sourc

 BS, check th
ke as earlier a

       ISSN: 2

existing equip
he planning s
ngineer. Note 
d, follow the 
the phase ma

nd cables foll

the metering 
r. All safety pr
transport RM

n be availed f
neer for outag

concerned S
and switches 

r the supervis
out-off positi
the marking d
evant checks/t
bstation comm
f metering equ

from the DT2

.  
age and BB2 

nect the transfo
will take and c
cted to 11 KV

ce.  

he stability and
and the same 

2088-8708 

pment and 
section for 

down the 
following 

arkings are 
lowing the 

unit with 
recautions 

MU as per 
for smooth 
ge as per 
Substation 
locked as 

ion of the 
on. Install 

done while 
tests & fill 
missioning 
uipment to 

2 with bus 

is 6.6 KV 

ormer into 
connect to 

V which is 

d switches 
method to 



IJECE  ISSN: 2088-8708  

Environment Fridently Voltage Upgradation Model for Distribution Power Systems (K. Nithiyananthan) 

2520

13) Now the entire system is changed from 6.6 KV to 11 KV network.  
 

3.5. Equipment Analysis Model 
For implementing up gradation model equipment analysis has been carried out. The check has been 

made and found the Transformer of DT1 and voltage transformer is single ratio. The Distribution 
Transformers DT1 of 33/6.6 KV, vector group of Dyn11, capacity of 10 MVA, and the type of cooling 
ONAN/ONAF. And also it has been checked and found the transformer DT2 and voltage transformer is 
single ratio. The Distribution Transformers DT2 of 33/6.6 KV, vector group of Dyn11, capacity of 10 MVA, 
type of cooling ONAN/ONAF. Hence, these are to be replaced with a dual ratio of 3.3/11-6.6 KV with all 
parameters unchanged. The equipment analysis is to be carried out before the actual conversion and 
replacement of the equipments, during the analysis it has been confirmed the suitability of the substation for 
upgrading into 11KV for this purpose the following are checked in the substation. Voltage ratio of the 
equipment. Healthiness of the voltage. Space and access availability of the substation. Ampere capacity of 
the cable.  Similar way Analysis for SS1 to SS5 has been carried out.Checked and found the transformer in 
the SS1 of the ring1 and voltage is single ratio. The Distribution Transformers in the SS1 of ring 6.6/0.4 KV, 
vector group of Dyn11, capacity of 1000 KVA, and the type of cooling ONAN. This transformer is to be 
replaced with a dual ratio of 11-6.6/0.4 KV with all parameters unchanged. During the analysis it has been 
confirmed the suitability of the substation for upgrading into 11 KV for this purpose the following are 
checked in the substation.  
 
 
4. ESTIMATION OF TIME REQUIREMENT ANALYSIS 

Estimating the time for planning the work properly to obtain the optimum timing so that the cost of 
the work can be controlled. For limiting the supply interruption for the consumer time value is required. 
 
4.1. Time Required for Primary Substation up Gradation 

Disconnection of HV, LV and accessories, cables of the existing Distribution Transformers DT of 
33/6.6 KV. Recovery of the existing the Distribution Transformers DT of 33/6.6 KV. Recovery of existing 
HV and LV cables if not suitable for the new dual ratio. Distribution Transformers DT of 33/11-6.6 KV. 
Civil modification to be carried out to suit for the new dual ratio Distribution Transformers DT of 33/11-6.6 
KV. New dual ratio Distribution Transformers DT of 33/11-6.6 KV shifts, positioning, installation and 
accessories fixing. Laying of HV, LV cables and earthing of the new dual ratio Distribution Transformers DT 
of 33/11-6.6 KV. Connections of HV and LV cables of new dual ratio Distribution Transformers DT of 
33/11-6.6 KV. HV bushing fixing and oil top up in the new dual ratio Distribution Transformers DT of 
33/11-6.6 KV. Oil dries out in the new dual ratio Distribution Transformers DT of 33/11-6.6 KV. 
Transformer testing, relay testing & functional checks of the new dual ratio Distribution Transformers DT of 
33/11-6.6 KV. Inspection and commissioning of the new dual ratio Distribution Transformers DT of 33/11-
6.6 KV. For the above activities minimum 10 days are required for the replacement of exiting single ratio 
transformer with dual ratio transformer.  
 
4.2. Time Analysis Model for Secondary Substation 

Disconnection and recovery of 1500, 1000, 500 KVA transformers and re-installation of new 
transformer of any capacity, laying of HV & LV cables, termination of cables on transformer and LVDB 
earthing and clear permit for energisation -6 hours from time of collecting counter permit. Disconnection and 
recovery of 1000 or 500 KVA Pocket substation and re-installation of Pocket substation of any capacity, 
laying of cables, termination of cables & earthing and clear counter work permit for energisation - 6 hours 
from time of collecting counter permit.Disconnection, dismantling and recovery of existing RMU and 
installation and re-installation of new RMU laying of new/existing cables with re termination of cables with 
existing or new termination kit, etc. and clear counter permit for energisation -9 hours from time of collecting 
counter permit. Disconnection and recovery of LVDB and re-installation of new LVDB, laying and 
determination of single core cables & LV feeders, etc. and clear counter work permit for energisation -7 
hours from time of collecting counter work permit. Disconnection and recovery of 1500, 1000, 500 KVA 
transformers with RMU and re-installation of new transformer of any capacity and RMU, laying of HV & 
LV cables, termination of cables on transformer and RMU and clear permit for energisation -10 hours from 
time of collecting counter permit. Disconnection and recovery of 1500, 1000, 500 KVA transformers with 
RMU and LVDB. Re-installation of new transformer of any capacity, RMU and LVDB, laying of HV & LV 
cables, termination of cables on transformer, RMU and LVDB. Clear permit for energisation -11 hours from 
time of collecting counter permit. Disconnection and recovery of 1500, 1000, 500 KVA transformers and 
LVDB. Re-installation of new transformer of any capacity and LVDB, laying of HV & LV cables, 
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termination of cables on the transformer, and LVDB. Clear permit for energisation -09 hours from time of 
collecting counter permit.  

 
4.3. Time Required for the Actual Conversion of the Network 

Minimum two hours are required for the primary distribution transformer for changing the taps links 
from the 6.6 KV ratio to 11 KV and commissioning. Minimum 30 minutes are required for the secondary 
distribution cast resin transformer for changing the taps links from the 6.6 KV ratio to 11 KV and 
commissioning. Minimum 15 minutes are required for the secondary distribution oil transformer for changing 
the taps links from the 6.6 KV ratio to 11 KV and commissioning.For carrying out replacement work, various 
approvals like internal and external are required. This is in compliance with the existing rules and regulation 
and practices of the authority. Before implementing the model cost analysis has been carried out. 
 
4.4. Minimizing the Supply Interruption 

Mininimum supply interruption has been aimed to implement the proposed work. At the substation, 
transformer feeding power to the consumer, when it has been replaced this transformer for the system voltage 
conversion purpose, the supply is interrupted to the consumer. To minimize the interruption and the 
following methods are adopted for the same. 
 
4.4.1. Primary Substation 

During the transformer replacement in the primary substation [13] where possible considering the 
site condition and system requirement, the generator supply is provided to the consumer when the auxiliary 
transformer is out of service during the DTs replacement work. For connecting the generator approximately 
30 minute power interruption is availed. Similarly, after the replacement work disconnecting the generator 
and connecting the transformer also required 30 minutes. 
 
4.4.2. Secondary Substation 

During the transformer replacement in the secondary substation [13] where possible considering the 
site condition and system requirement, the generator supply is provided to the consumer when the 
transformer is out of service during the replacement work. For connecting the generator approximately 30 
minute power interruption is availed. Similarly, after the replacement work disconnecting the generator and 
connecting the transformer also required 30 minutes. Hence, instead the interrupted the power 6 to 8 hrs. 
During the replacement of the transformer, interrupt only for one hour. During the pocket substation 
replacement for the system conversion purpose, since LV board is replaced along with transformer and 
switchgear, where the generator connection is not possible. Hence, to minimize the power interruption, install 
the temporary pocket substation, which will feed the consumer during the replacement work. During the 
replacement of the pocket substation, generator along with temporary LVDB also is used to minimize the 
power interruption. By allocating the work to the work groups properly and well planned, then the 
replacement job can be speeded up, thereby power interruption is also reduced. Minimize power supply 
interruption to customers by alternate feeding arrangement / usage of mobile generators during the work 
execution. Usage of modern test equipment for faster clearance of the circuit, such as transformer turns ratio 
testing equipment and digital insulation testers. By using these equipment’s the testing time is reduced to 
25% of the time taken by the conventional methods. During the work, through the usage of modern 
instruments for testing the equipment, the total duration of the shutdowns was reduced. Again through an 
innovative way of work method, using temporary pocket substations and generators, the power interruptions 
to the consumers were minimized. 
 
 
5. REAL TIME CURRENT LOSS CALCULATION MODEL 

The current loss calculation model has been implemented and the current loss of all the ring mains 
of the substation has been calculated. The operating voltage of 6.6 KV and 11 KV. It is found that due 
upgradataion of the voltage for all rings, current loss reduced by more than 50%. A sample calculation model 
for ring1 of the secondary substation has been explained with the operating voltage of 6.6 KV and 11 KV. 
 
5.1. Current Loss Calculation of 6.6KV Circuit of the Secondary Substation Ring-1 

The Circuit is feeding from the Switchgear Panel number 106 of the primary substation to SS1 of 
the Secondary substation. The distance between the Primary substations to the SS1 is 3.0 KM as shown in 
Figure 6. 
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R4=0.226 Ω 
Then calculating the current in the circuit as 
I4=P/V 
Power P in the circuit is 1000 KVA 
It has been consider 60% of the load on the circuit is 600 KVa I4=600/√3 * 6.6 
I4=52. 48 A 
Loss=I42 R4 
Loss=(52.48)2 * (0.226) L4=622. 98 watts L4=0.622 kW 
The sum of the current losses in the Ring 1 circuit is L11=(L1+L2+L3+L4+L5) 
Therefore L11= (12.41+3.03+6.31+0.62+9.17) 
L11=31. 54 kW 
 
5.2. Current Loss Calculation of 11 KV Circuit of the Secondary Substation Ring -1  

The same ring1 as shown in Figure 6 has been considered of 11KV for loss Calculation will be as 
follows. 
The Resistance of HV cable is recommended by the manufacture are as 300Sqmm 
HV copper cable =0.0601 Ω/KM. 
240 Sqmm HV copper cable=0. 0754 Ω/KM 
240 sqmm HV Al cable=0.1250 Ω/KM 
The Cable resistance between switch gear panel Number 106, i.e. primary substation to the SS1 is. 
R1=0.0601 * 3.0=0.1803Ω 
R1=0. 1803 Ω Calculating the current in the circuit as. 
I1=P/V 
P=Power considered as 80% at full load and 40% at off load, then average of 60% loading is taken into 
consideration for the power calculation 
P=5000KVA is the load as per the circuit P=3000KVA is the 60% load of the circuit I1=P/V 
I1=3000/11 * √3 I1=157.45 A 
Loss=I12 R1= (157.45)2 * 0.1803=4469. 72 Watts 
Loss L1= 4.46 KW 
Similarly for calculating the current loss in the circuit between SS1 and SS2 are as follows. 
The distance between the circuit SS1 and SS2 is 1.9 Meters and the cable in the network is 240 sq mm copper 
conductor. 
Then 
R2=0. 0754 * 1.9 
R2=0.143 Ω 
Load in the circuit is 4000KVA Then 60% of the load is2400KVA 
I2=P/V I2=2400/11 * √3 
I2=125.96 A 
Loss=I22 R2 
Loss=(125.96)2 (0.143) 
Loss=2268.8 Watts 
Loss L2=2.26 KW 
Similarly than it has been find out the loss in the circuit between the SS2 and SS3 as follows. The distance 
between the circuit SS2 and SS3 is 2.2 KM and the cable the circuit is a 240sqmm aluminum conductor. 
R3=0.1250 * 2.2 
R3=0. 275 Ω Load in the circuit is 2000 KVA 
Then considered 60% of the load is1200 KVA Then I3=P/V 
I3=1200/11 * √3 
I3=62. 98 A Loss=I32 R3 
Loss=(62.98)2 (0.275)=1090.78 watts 
Loss L3=1.09 KW 
Calculated the losses up to the ring off substation, and then similarly in the same circuit feeding losses will be 
calculated from the switcher panel number 105 of the primary substation to SS5 and upto ring off substation. 
Then the current loss calculation will be as follows 
R5=0. 0601*5.4 
R5=0. 324 Ω 
Then calculating the current in the circuit as I5=P/V 
I5=2000/11 * √3 I5=104. 97 A 
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loads. Hence the detailed study was conducted and resources requirement and time requirement were 
accessed. This work was implemented along with overcoming all the constraints. During this research work, 
all the permissions and approvals have been applied and the same was obtained. The up gradation model can 
be implemented throughout and extended for large electric power distribution systems. 
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