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PART-A (22 Marks)

1. a) Write the effects of variations of diversity factor on the distribution system. [4]
b) What are the various types of distribution feeders? [4]
¢) What is the difference between the uniformly distributed loading and non

uniformly distributed loading? [4]
d) What is the need to calculate the fault current in the distribution system? [4]
e) What are the advantages of capacitor compensation? [3]
f) Discuss the need of voltage control in the distribution system. [3]

PART-B (3x16 = 48 Marks)
2. a) Wrte short notes on coincidence factor and the contribution factors with
examples? [8]
b) A generating station supplies 4 feeders with maximum demands of 16MW,
1I0OMW, 12MW and 6MW. The overall maximum demand on the station is
20MW and the annual load factor 1s 45%. Find the diversity factor and the

number of units generated annually. [8]

3. a) Discuss the design considerations of loop type distribution feeder. [8]
b) Draw and explain the single line diagram of radial type primary feeder and

mention the factors that affect the selection of primary feeder. [8]

4. a) Compare a | phase 2 wire uni grounded common neutral system with the three
phase system with respect to the power loss and voltage drop? [8]
b) A 3 phase distribution line has resistance and reactance per phase of 15 ohms and
21 ohms respectively. If the sending end voltage is 33kV and the regulation of
the line is not to exceed 10%, find the maximum power in kW which can be
transmitted over the line. Find the kVAR supplied by the line when delivering
the maximum power. [8]

5. a) Discuss the types of faults that may occur in the distribution systems. [8]
b) Explain in detail the operation of line sectionalizers and the auto reclosers? [8]
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PART-A (22 Marks)

1. a) Define the terms w.r.t Load characteristics:

(1) Load Diversity (11) Contribution factor [4]

b) Explain the design considerations that are taken for distribution feeders. (3]

c¢) How do you fix the rating of a Distribution system? (4]

d) Explain in brief the type of common faults that occur in Distribution System. [4]

e) Explain the need of Switched capacitor in Distribution system. [4]

f) Explain the use of tap changing transformers. [3]

PART-B (3x16 = 48 Marks)

2. a) Explain the different methods for reduction of Distribution system losses. [8]
b) How do you classify the Loads and give its characteristics? [8]

3. a) List the factors that need to be considered for selecting an ideal location of

Substation. [8]
b) Explain the factors affecting the feeder voltage level. [8]

4. Derive the power Loss equation for Radial feeders with Uniformly distributed
Load. [16]

5. a) Discuss in detail about the coordination among the Protective devices used in
Distribution system. [8]

b) A three phase, 11 KV, 30 MVA generator with X3 = 0.06 PU, X; = 0.3 PU and

X2 = 0.3 PU is grounded through a reactance of (.28 ohms. Calculate the total
fault current for a Single line to Ground fault. [8]

6. a) Discuss in detail the procedure for best location of capacitor placement in a
Distribution system. [8]
b) A three phase 400 HP, 50 Hz, 11 KV star connected Induction motor has a full
load efficiency of 88% at lagging power factor of (.78 and is connected to a
feeder. If it is desired to correct the power factor of 0.92 lagging load,
determine i)the size of the capacitor bank in KVAR ii) the capacitance of each
unit if the capacitors are connected in delta as well as in star. [8]
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ELECTRICAL DISTRIBUTION SYSTEMS

(Electrical and Electronics Engineering)

Question paper consists of Part-A and Part-B
Answer ALL sub questions from Part-A
Answer any THREE questions from Part-B
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PART-A (22 Marks)
Define the demand factor and connected load.
How do you fix the rating of a distribution sub-station?
Why is voltage drop consideration important in distribution systems?
What is the need for coordination of protective devices?
What are the demerits for low p.f in the distribution system?
What is a line drop compensator?

PART-B (3x16 = 48 Marks)
What is loss factor? How is it related to load factor. Discuss its significance?
Assume that a load of 100 kW is connected at the Riverside substation. The 15-
min weekly maximum demand is given by 75 kW, and the weekly energy
consumption is 4200 kWh. Assuming a week is 7 days; find the demand factor
and the 15-min weekly load factor of the substation.

Compare the % voltage drop of the feeders with square type service area and
hexagonal type service area.

Draw a line diagram of a radial type primary feeder system and mention the
factors that influence the selection of primary feeders.

What are the power losses in distribution system? How is it estimated

approximately?

In a three phase, 4-wire system if (5+)3) Q, (5+j2) Q and (8+)6) Q are the loads
connected and the supply voltage is 400V. Determine the line and phase

currents as well as the current passing through neutral wire.

What are the different types of faults that can occur in a distribution system?

Explain them with line diagram.

How in the capacitor bank ratings obtained when the load p.f is to be improved

from Cos®, to Cosd,.

A 3-phase, 50 Hz, 20 km transmission line supplies a load of I0MW at power
factor 0.8 lagging to the receiving end where the voltage is maintained
constant at 33 kV. The line resistance and inductance are 0.03 ohm and 0.9
mH per phase per km respectively. A capacitor is connected across the load to

A A= o~

Max. Marks: 70

[3]
[4]
(3]
(4]
[4]
(4]

(8]

(8]

(8]
(8]

[6]

[10]

[16]

[6]
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PART-A (22 Marks)

1. a) Write short notes on the contribution factor. [4]
b) Discuss briefly about the role of distribution transformer. [4]
c) What are the differences between the uni grounded and multi grounded neutral [4]
systems?
d) Write the list of protective devices that are used in the distribution system. [4]
e) What is the effect of low power factor in the distribution system? [3]
f)  Write the list of methods used for voltage control. [3]
PART-B (3x16 = 48 Marks)
2. a) Draw and explain the line diagram of the primary distribution system. [8]
b) Explain about constant power and constant impedance load models with
necessary equation. (8]

3. a) Explain detail about the design considerations of network type distribution
feeder. [8]

b) In a radial feeder the load is connected at the receiving end. The impedance of

the feeder is (0.11+j0.1) p.u, the sending end voltage is 1.0p.u, the real load and

power factor at the receiving end are 1.0p.u and 0.8 lagging. Determine the

receiving end voltage, load angle and find the corresponding values of the
receiving end and sending end currents. [8]

4. a) Derive the expression for power loss of a radial feeder with non uniformly
distributed load. [8]

b) A three radial feeder has a voltage of 10.5 kV at the receiving end, a total

impedance of 5.25+j10.91 ohm/ph and the load of SMW with a lagging power

factor of 0.9. Then determine the three phase line and phase voltage at the
sending end, load angle and the percentage voltage regulation. [8]

5. a) Derive the expression for fault current of line to ground fault. [8]
b) An earth fault occurs on one conductor of a three conductor are supplied by a
10MVA, 6.6kV, three phase source with neutral earthed. The source has positive,
negative and zero sequence impedances of (0.5+4.7), (0.2 + jO.5) and j0.43
ohms per phase. The corresponding impedance values for the cable up to the
fault point are (0.36+0.25), (0.36+0.25),(2.8+)0.9) ohms per phase. Find the

fault current. [8]
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a) In terms of resistance and reactance of the circuit, derive the equation for load

ELECTRICAL DISTRIBUTION SYSTEMS

(Electrical and Electronics Engineering)

Question paper consists of Part-A and Part-B
Answer ALL sub questions from Part-A
Answer any THREE questions from Part-B
dede ek
PART-A (22 Marks)

The load curves of two different categories of loads and system peak load are as
follows: Peak load for industrial load: 2000 kW; Peak load for residential load:
2000 kW; System peak load: 3000 kW. What is diversity factor and coincidence
factor of the system?
Write the benefits that are derived through optimal location of substations.
Why voltage drop considerations are important in a distribution system.
What is the principle of sectionalizer?
What are the differences between fixed and switched capacitors?
What are the effects of AVR on voltage control?

PART-B (3x16 = 48 Marks)
Explain briefly classification of loads? How is load modeling done in distribution
networks?
A power supply is having the following loads:

Type of load | Maximum Demand | Diversity of group Demand Factor
Domestic 1500 kW 1.2 0.80

Commercial 200 kW 1.1 0.80
Industrial 10000 kW 1.25 1.0

If the overall system diversity factor is 1.35, determine (i) maximum demand (ii)
connected load of each type.

What are the various factors that influence the voltage levels in the design and
operation of the distribution system?
Compare the four and six feeder patterns in substation location?

power factor for which voltage drop is minimum?

Max. Marks: 70

[4]
[4]
[3]
[3]
[4]
[4]

(8]

(8]

[8]
(8]

(8]

b) Consider the single phase radial distributor shown in the following Fig. (4b). The
magnitude of load currents, p.fs and distances are indicated in the figure. The
resistance and reactance of each wire are 0.1 Q per km and 0.2 Q per km
respectively. It is required to maintain voltage at point B as 230.£0" Volts. Find
voltage drop in the three sections and total voltage drop in the feeder. The p.f.
angles of individual loads are w.r.t. voltage at point B.
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UNIT1

LOADMODELLINGANDCHARACTERISTICS

DEFINITIONS

Load Electrical power needed in kW or kVA

Demand The power requirement (in kVA or kW) at the load averaged over a specified interval (15
min or 30 min). Sometimes it is given in amperes at a specified voltage level.

Demand Intervals The time interval specified for demand (D), usually 15 min or 30 min. This is
obtained from daily demand curves or load duration curves.

Maximum Demand The maximum load (or the greatest if a unit or group of units) that occurred in
a period of time as specified. This can be daily, weekly, seasonal or on annual basis (for billing purpose
in India it is monthly and in kVA).

Demand Factor The ratio of maximum demand to the total load connected to the system

Connected Load The sum total of the continuous rating of all the apparatus, equipment, etc., Con-
nected to the system.

Utilization Factor The ratio of maximum demand to the rated capacity of the system.
Load Factor The ratio of average load in given interval of time to the peak during that interval.

Annual Load Factor The ratio of total energy supplied in an year to annual peek load multiplied
by 8760.

Diversity Factor ( D,) The ratio of sum of the individual maximum demands of various sub-divisions
of the system to the maximum demand of the entire or complete system.

Coincident Maximum Demand (D) Any demand that occurs simultaneously with any other
demand and also the sum of any set of coincident demands.

Coincidence factor (C) This is usually referred to a group of consumers or loads. It is defined as
the ratio of coincident maximum demand D_ to sum total of maximum demands of individual or group
of loads.

Generally, it is taken as the reciprocal of the diversity factor.

Load Diversity The difference between the sum of peaks of two or more individual loads and the
peak of combined load.
Load diversity =X D - D, 2.1
D, = individual maximum demand
D_= coincident maximum demand

Contribution Factor This is a factor that is usually referred in distribution systems regarding the
importance of weighted effect of a particular load.

IfC,, C, ... C_are the contribution factors of each of the n individual loadsand D, D, D, ............ D,
are their maximum demands.
D’ = comncident maximum demand is taken as
D, = CD,+CD, + .cvuir Ch, =3 CD, - (22)
i=]
Hence ¢, = coincidence factor is = M e (2.3)

!

- Y
The contribution factor C, = C, when all the demands equally affect or influence the maximum
demand.




Loss Factors This is the ratio of average power loss in the system to power loss during peak load
period and referred to the variable power losses, i.¢., copper losses or power loss in conductors or wind-
ings but not to no load losses in transformers, etc.

LOADS AND LOAD CHARACTERISTICS

A broad classification of loads are

(1) Domestic and residential loads
(i) Only lighting loads (such as for street lights etc.)

(iii) Commercial loads (shops, business establishments, hospitals)
(iv) Industrial loads
(v) Agricultural loads and other rural loads

1 Domestic and Residential Loads

The important part in the distribution system is domestic and residential loads as they are highly
variable and erotic. These consist of lighting loads, domestic appliances such as water heaters, washing
machines, grinders and mixes, TV and electronic gadgets etc. The duration of these loads will be few
minutes to few hours in a day. The power factor of these loads in less and may vary between 0.5 to
0.7. In residential flats and bigger buildings, the diversity between each residence will be less typically
between 1.1 to 1.15. The load factor for domestic loads will be usually 0.5 to 0.6.

.2 Industrial Loads

Industrial loads are of greater importance in distribution systems with demand factor 0.7 to 0.8 and load
factor 0.6 to 0.7. For heavy industries demand factor may be 0.9 and load factor 0.7 to 0.8

Typical power range for various loads

Cottage and small-scale industries: 3 to 20 kW,
Medium industries (like rice mills, oil mills, workshops, etc.) : 25 to 100 kW
Large industries connected to distribution feeders (33 kV and below): 100 to 500 kW.

.3  Water supply and Agricultural Loads

Most of the panchayats, small and medium municipalities have protected water system which use
pumping stations. They normally operate in off peak time and use water pumps ranging from 10 h.p to
50 h.p or more, depending on the population and area.

4 Agricultural and Irrigation Loads

Most of the rural irrigation in India depends on ground water pumping or lifting water from tanks or
nearby canals. In most cases design and pump selection is very poor with efficiencies of the order of
25%. Single phase motors are used (up to 10 h.p.) for ground water level 15 m in depth or less with
discharge of about 20 I/sec while multi stage submersible pumps with discharge of 800 to 1000 /'m may
require motors of 15 to 20 h.p.




RELATION BETWEEN LOAD AND LOSS FACTOR:

In general, load changes occur continuously for any type of load and the load pattern on any feeder

or distributor can be idealized and simplified approach for load on a feeder can be taken as shown in
Fig.

T

Let a peak load P_ exist for duration of ‘" and p, be the off peak load during any interval ‘T"
considered. Let P_ be the average load during the period ‘7.

_ Py xt+P(T-1)

F,
i .. (24)
But load factor = For =__’i._
PI""‘ P-l
For the duration *7 "considered
Load facsor = 2024+ BT =0
oad factor P xT
)
kA o (25)

(Power loss(avg)in given time period)
powoer loss(max. loss) % the total duration

and loss factor =

This can be extended to the whole duration of 24 hours by considering P, P, .... P, as the loads
occurring over a duration of 7 ¢,........ 1, with P_ as the peak load. If P, is average power loss and P
power loss corresponding to peak load P_.

Loss factor = — ...(2.6)
B, B, xT

Since losses are proportional to /* x P*?

(" voltage is constant)

t (P Y (Tt
Loss factor = — +| —= (—) soo (BT
oss factor T [P ] T (2.7)

(a) Thisis =t/Tif off peak load i.e P, x 0,(same as load factor)




Py .

(b) For short time peak ¢ << T loss factor = [% ) = (load factor)” (2.8)
(c) In general for variable industrial loads loss factor, is taken as

- (29)

= ().3(load factor) + 0.7 (load factor)’

| XV AW Find the annual load factor and average demand, given that peak load is 3.5 MW
and energy supplied is 10 million units (10" kwh). Peak demand was recorded during April — June.

10" kWh
= =1141 kW
Average demand 8760

Solution

Peak load = 3500 kW

1141
=—=0.326
Annual load factor 3500

|XVUNDERR A feeder supplies 2 MW to an area. The total losses at peak load are 100 kW and
units supplied to that area during an year are 5.61 million. Calculate the loss factor.

&
Solution Load factor = 550%2:8'_7060 =0.32 (unit supplied/ peak load * 8760)

Loss factor = 0.3 (load factor) + 0.7 (load factor)

=03 x0.32+0.7 x (0.32)=0.168

Average power loss = 0,168 x (100 kW) = 16.8 kW

The above examples illustrate how the average power loss and loss factor can be estimated from the
peak load occurring and units supplied. The estimates give gross idea regarding power losses and hence
the revenue lost in a distribution system. The loss factor should be as low as possible so that the energy

efficiency will be high. In general, loss factor will be such that

(load factor)’ < (loss factor) < (load factor)







DistributionSystem
Thatpartofpowersystemwhichdistributeselectricoowerforlocaluseisknownasd

istribution system.

Ingeneral, thedistributionsystemistheelectricalsystembetweenthesub-stationfed by the
distrubution system and the consumers meters. It
generallyconsistsoffeeders,distributorsandtheservice mains.

(i) Feeders. A feeder is a conductor which connects the sub-station
(orlocalisedgeneratingstation)totheareawherepoweristobedistributed.
Generally, no tappings are taken from the feeder so that current in
itremains the same throughout. The main consideration in the design
of afeederisthe current carryingcapacity.

.Ffﬂ

Feeder - Feeder

C 5 A
o
®
L%,Z%G o
o~
o,
% D
Fig. 12.1

(ii) Distributor. A distributor is a conductor from which tappings are taken
forsupply to the consumers. In Fig. 12.1, AB, BC, CD and DA are the distributors.
Thecurrent through a distributor is not constant because tappings are taken at
variousplaces along its length. While designing a distributor, voltage drop along
itslengthisthemainconsiderationsincethestatutorylimitofvoltagevariationsis
t6%ofratedvalueattheconsumers’terminals.

(iii) Servicemains.Aservicemainsisgenerallyasmallcablewhichconnectsthedistrib
utortothe consumers’terminals.

ClassificationofDistributionSystems
Adistributionsystemmaybeclassifiedaccordingto;

(i) Natureofcurrent.Accordingtonatureofcurrent,distributionsystemmaybecl
assifiedas(a)d.c.distributionsystem(b)a.c.distributionsystem.




Now-a-days,a.c.systemisuniversallyadoptedfordistributionofelectricpowerasitissimplerand
moreeconomicalthandirectcurrent method.

(i)  Type of construction. According to type of construction, distribution
systemmaybeclassifiedas(a)overheadsystem(b)undergroundsystem.

Theoverheadsystemisgenerallyemployed fordistributionasit is5to 10timescheaperthanthe
equivalent underground system. In general, the undergroundsystem is used at places where
overhead construction is impracticable or prohibitedbythe locallaws.

(iii) Schemeofconnection.Accordingtoschemeofconnection,thedistributionsyst
em may be classified as (a) radial system (b) ring main system (c) inter-
connectedsystem.Eachschemehasitsownadvantages anddisadvantages

A.C.Distribution

e Now-a-
dayselectricalenergyisgenerated,transmittedanddistributedintheformof
alternatingcurrent.

e Alternating current in prefered to direct current is the fact that
alternatingvoltagecanbeconvenientlychangedbymeansofatransformer.

e Highdistrubutionanddistributionvoltageshavegreatlyreducedthecurrentint
he conductors andthe resulting line losses.

e Thea.c.distributionsystemistheelectricalsystembetweenthestepdownsub
stationfed bythedistrubution systemandtheconsumers’meters.

Thea.c.distributionsystemisclassifiedinto

(i) primarydistributionsystemand
(i) secondarydistributionsystem.

PRIMARYDISTRIBUTIONSYSTEM.

#¢—— Primary distribution———»

BB =B
Sub-station
3-Phase :
3Wire (@—am 11KV

= j .
s L0 i ‘ 1l

Sub-station

33M11kV
Big consumers Sub-station
(Factory)

e [tisthatpartofa.c.distributionsystemwhichoperatesat voltages
somewhathigherthangeneralutilisationthantheaveragelow-
voltageconsumeruses.

e Themostcommonlyusedprimarydistributionvoltagesarel1kV,6-6kVand3-




3kVv



e Primarydistributioniscarriedoutby3-phase,3-wiresystem.

e Fig.showsatypicalprimarydistributionsystem.

e Electricpoowerfromthegeneratingstationistransmittedathighvoltage
tothe substation located in or near the city. At this substation, voltage
issteppeddownto 11kV withthe helpofstep-downtransformer.Power
issupplied to various substations for distribution or to big consumers at
thisvoltage.Thisformsthehighvoltagedistributionorprimarydistribution.

SECONDARYDISTRIBUTIONSYSTEM.
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| . f T 3
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|
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|
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e ltisthatpartofa.c.distributionsystememploys 400/230V,3-phase,4-
wiresystem.

e showsatypicalsecondarydistributionsystem.

e Theprimarydistributioncircuitdeliverspowertovarioussubstations,
calleddistribution substations. The substations are situated near the
consumers’localities andcontain stepdowntransformers.

e Ateachdistributionsubstation,thevoltageissteppeddownto400V
andpowerisdeliveredby3-phase,4-wire a.c.system.

e Thevoltagebetweenanytwophasesis400Vandbetweenanyphase
andneutral is230V.




e Thesinglephasedomesticloadsareconnectedbetweenanyonephase
andtheneutral,.
e Motorloadsareconnectedacross3-phaselinesdirectly.

D.C.Distribution

e Forcertainapplications,d.c.supplyisabsolutelynecessary.d.c.supplyisrequi
red for the operation of variable speed machinery (i.e., d.c.
motorsstoragebattery.

e For this purpose,a.c. power is converted into d.c. power at the substation
byusing converting machinery e.g.,mercury arc rectifiers, rotary converters
andmotor-generatorsets.

Thed.c.supplyobtained inthe formofi(i)2-wireor(ii)3-wire
fordistribution.

2- WIRED.C.SYSTEM

e Asthenameimplies,thissystemofdistributionconsistsoftwowires.

e Oneistheoutgoingorpositivewireandtheotheristhereturnor
negativewire.

e Theloadssuchas lamps,motorsetc.areconnectedinparallelbetweenthetwo
wiresasshowninFig.

e Thissystemisneverusedfordistrubutionpurposesduetolow
efficiencybut maybeemployedfordistributionofd.c.power.

+ i g > >

3-wired.c.system.

e |tconsistsoftwooutersandamiddleorneutral
wirewhichisearthedatthesubstation.

e Thevoltagebetweentheoutersistwicethevoltagebetweeneitherouteran
d neutral.

e Theprincipaladvantageofthissystemisthatitmakesavailabletwov
oltagesattheconsumer terminals,

e Vbetweenanyouterandtheneutraland2Vbetweentheouters.




e Loadsrequiringhighvoltage(e.g.,motors)areconnectedacrossthe
outers,whereaslampsandheatingcircuitsrequiringlessvoltageare
connectedbetween eitherouter and the neutral.

+ g -
A"
¢, Neutral oV
L wire
v

i ¥

ComparisonofD.C.andA.C.distribution

Theelectricpowercanbedistributedeitherbymeansofd.c.ora.c. Each
systemhasitsownmeritsanddemerits

1. D.Cdistribution

Advantages.

(i) Itrequiresonlytwoconductorsascomparedtothreefora.c.distribution.

(i) Thereisnoinductance,capacitance,phasedisplacementandsurgeproblemsin
d.c.distribution.

(iil) Duetotheabsenceofinductance,thevoltagedropinad.c.distributionline
islessthan the a.c.lineforthesameload andsendingendvoltage.Forthis reason,a
d.c.distributionlinehasbettervoltageregulation.

(iv) There is noskineffectina d.c.system.Therefore,entirecross-sectionof
thelineconductorisutilized.

(v) Forthesameworkingvoltage,thepotentialstressontheinsulationislessincase
of d.c. system than that in a.c. system. Therefore, a d.c. line requires
lessinsulation.

(vi) Ad.c.linehaslesscoronalossandreducedinterferencewith
communicationcircuits.

(vii) Thehighvoltaged.c.distrubutionisfreefromthedielectric
losses,particularlyinthecaseof cables.

(viii) Ind.c.distrubution,therearenostabilityproblemsandsynchronisingdiffi
culties.

Disadvantages
(i) Electricoowercannotbegeneratedathighd.c.voltageduetocommutationpro

blems.

(i) Thed.c.voltagecannotbesteppedupfordistrubutionofpowerat
highvoltages.

(iii) Thed.c.switchesandcircuitbreakershavetheirownlimitations.




2. A.C.distribution

Advantages

(i) Thepowercanbegeneratedathighvoltages.

(i) Themaintenanceofa.c.sub-stationsiseasyandcheaper.

(iii) Thea.c.voltagecanbesteppeduporsteppeddownbytransformerswith easeand
efficiency. This permits to transmit power at high voltages and distribute it
atsafepotentials.

Disadvantages
(i) Ana.c.linerequiresmorecopperthanad.c.line.

(ii) Theconstructionofa.c.distrubutionlineismorecomplicatedthanad.c.distr
ubution line.

(iii) Duetoskineffectin
thea.c.system,theeffectiveresistanceofthelineisincreased.

(iv) Ana.c.linehascapacitance.Therefore,thereisacontinuouslossofpowerdueto
chargingcurrent evenwhentheline is open.

OVERHEADVERSUSUNDERGROUNDSYSTEM

e Thedistributionsystemcanbeoverheadorunderground.

e Overheadlinesaregenerallymountedonwooden,concreteorsteelpoleswh
ich are arranged to carry distribution transformers in addition to
theconductors.

e Theundergroundsystemuses
conduits,cablesandmanholesunderthesurfaceof streetsandsidewalks.

Thechoicebetweenoverheadandundergroundsystemdependsuponanumber
ofwidelydifferingfactors.

(i) Public safety. The underground system is more safe than overhead
systembecausealldistributionwiringisplacedundergroundandtherearelittlechances
ofanyhazard.

(ii) Initial cost. The undergroundsystem is more expensive due to the high cost
oftrenching,conduits,cables,manholesandotherspecialequipment.Theinitial
costof an underground system may be five to ten times than that of an
overheadsystem.

(iii) Flexibility. The overhead system is much more flexible than the
undergroundsystem. In the latter case, manholes, duct lines etc., are
permanently placed
onceinstalledandtheloadexpansioncanonlybemetbylayingnewlines.However,ona




noverheadsystem,poles,wires,transformersetc.,canbeeasilyshiftedto
meetthechangesinloadconditions.




(iv) Faults. The chances of faults in underground system are very rare as
thecablesarelaidundergroundandaregenerallyprovidedwithbetterinsulation.

(v) Appearance.Thegeneralappearanceofanundergroundsystemisbetterasallthe
distribution lines are invisible. This factor is exerting considerable
publicpressureonelectricsupplycompaniestoswitch overtoundergroundsystem.

(vi) Fault location and repairs. In general, there are little chances of faults in
anunderground system. However, if a fault does occur, it is difficult to locate
andrepaironthissystem.Onanoverheadsystem,theconductorsarevisibleandeasilya
ccessiblesothatfault locationsand repairs canbeeasilymade.

(vii) Current carrying capacity and voltage drop. An overhead
distributionconductorhasaconsiderablyhighercurrentcarryingcapacitythananunde
rgroundcable conductor of the same material and cross-section. On the other
hand, underground cable conductor has much lower inductive reactance than
that of anoverhead conductorbecauseofcloser spacingofconductors.

(viii) Usefullife.Theusefullifeofundergroundsystemismuchlongerthanthatofan
over head system. An overhead system may have a useful life of 25
years,whereasanundergroundsystemmayhaveausefullifeofmorethan50years.

(ix) Maintenancecost.Themaintenancecostofundergroundsystemisverylowascom
pared with that of overhead system because of less chances of faults
andserviceinterruptionsfromwind,ice,lightning as wellas fromtraffichazards.

(x) Interference with communication circuits. An overhead system
causeselectromagnetic interference with the telephone lines. The power line
currentsaresuperimposedonspeechcurrents,resultinginthepotentialofthe
communicationchannelbeingraisedtoanundesirablelevel. However,thereis no
suchinterferencewiththeunderground system.

Itisclearfromtheabovecomparisonthateachsystemhasitsownadvantagesanddisadvantage

DESIGNCONSIDERATIONSINDISTRIBUTIONSYSTEM

Good voltage regulation of a distribution network is probably the most importantfactor
responsible for delivering good service to the consumers. For this purpose,designoffeeders
anddistributorsrequirescarefulconsideration.




(i) Feeders.Afeederisdesigned fromthepointofviewofits current
carryingcapacity while the voltage drop consideration is relatively
unimportant.ltisbecausevoltagedropinafeedercanbecompensatedby
means of voltageregulating equipmentat thesubstation.

(ii) Distributors. A distributor is designed from the point of view of the
voltagedropinit.ltisbecauseadistributorsuppliespowertotheconsumersandthereis
astatutory limit of voltage variations at the consumer’s terminals (£ 6% of

ratedvalue).Thesizeand lengthofthedistributorshouldbesuchthat voltageatthe
consumer’sterminalsiswithinthepermissiblelimits.

REQUIREMENTSOFADISTRIBUTIONSYSTEM

requirementsofagooddistributionsystemare:propervoltage, availability
ofpowerondemandandreliability.

(i) Proper voltage. One important requirement of a distribution system is
thatvoltage variations at consumer’s terminals should be as low as possible.
Thechanges in voltage are generally caused due to the variation of load on the
system.Lowvoltagecauseslossofrevenue,inefficientlightingandpossibleburningout
ofmotors. High voltage causes lamps to burn out permanently and may cause
failureof other appliances. Therefore, a good distribution system should ensure
that thevoltage variations at consumers terminals are within permissible limits.
Thestatutory limit of voltage variations is + 6% of the rated value at the
consumer’sterminals. Thus, if the declared voltage is 230V, then the highest
voltageoftheconsumershouldnotexceed244Vwhilethelowestvoltageofthe
consumershould notbelessthan216V.

(ii) Availability of power on demand. Power must be available to the
consumersinanyamountthattheymayrequirefromtimeto time.Forexample,
motors maybestartedorshutdown,lightsmaybeturned
onoroff,withoutadvancewarningtothe electric supply company. As electrical
energy cannot be stored, therefore, thedistribution system must be capable of
supplying load demands of the consumers.This necessitates that operating staff
must continuously study load patterns
topredictinadvancethosemajorloadchangesthatfollowtheknownschedules.

(iii) Reliability. Modern industry is almost dependent on electric power for
itsoperation.Homesandofficebuildingsarelighted,heated,cooledandventilatedbyel




ectric power. This calls for reliable service. Unfortunately, electric power,
likeeverything elsethatisman-made,canneverbeabsolutelyreliable.However,the




reliabilitycanbeimprovedtoaconsiderableextentby(a)interconnectedsystem
(b)reliableautomaticcontrolsystem(c)providingadditionalreservefacilities.

CONNECTIONSCHEMESOFDISTRIBUTIONSYSTEM

(i) RadialSystem.
e Inthissystem,separatefeedersradiatefromasinglesubstationandfeedthedist

ributorsatoneendonly.
e Fig.(i/)showsasinglelinediagramofaradialsystem
e ford.c.distributionwhereafeederOCsuppliesadistributorABatpointA.
e distributorisfedatoneendonlyi.e.,pointAisthiscase.
Fig.(ii)showsasinglelinediagramofradialsystemfora.c.distribution.
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e Thisisthesimplestdistributioncircuitandhasthelowestinitialcost.
DRAWBACKS:

(a) The end of the distributor nearest to the feeding point will be heavily loaded.(b any fault
onthe feeder or distributor cuts off supply to the consumers who areonthe sideofthe fault.
(c)Theconsumersatthedistantendofthedistributorwouldbesubjectedtoseriousvoltagefluctu
ationswhentheloadonthedistributorchanges.

Duetotheselimitations,thissystemisusedforshortdistancesonly.

(i) Ringmainsystem.

e |Inthissystem,theprimariesofdistributiontransformersformaloop

e .Theloopcircuitstartsfromthesubstationbus-bars,makesaloop
throughthearea tobeserved,andreturnstothe substation.

e Fig.12.9 shows the single line diagram of ring mainsystem for
a.c.distributionwheresubstationsuppliestotheclosedfeederLMNOPQRS.

e Thedistributorsaretappedfromdifferentpoints M,0andQofthe
feederthroughdistributiontransformers.

ADVANTAGES:

(a) Therearelessvoltagefluctuationsatconsumer’sterminals.
(b) Thesystemisveryreliableaseachdistributorisfedvia*twofeeders.In
theeventoffault onanysectionofthefeeder,thecontinuityofsupplyismaintained.

>
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Fig. 12.9




(iti) Interconnectedsystem.

e Whenthefeederringisenergised bytwoor
morethantwogeneratingstationsorsubstations,itis called inter-
connectedsystem.

e Fig. 12.10 shows the single line diagram of interconnected system where
theclosed feeder ring ABCD is supplied bytwo substations S1 and S2 at

points DandCrespectively.
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e Distributors are connected to points O, P, Q and R of the feeder ring
throughdistribution transformers.
ADVANTAGES:

(a) Itincreasestheservicereliability.

(b) Anyareafedfromonegeneratingstationduringpeakloadhourscanbefedfrom
the other generating station. This reduces reserve power capacity
andincreases efficiencyof the system.

A.C.DISTRIBUTIONVOLTAGECALCULATIONS

In a.c. distribution calculations, power factors of various load currents have to
beconsideredsincecurrentsindifferentsectionsofthedistributorwillbethevectorsum of load
currentsandnotthearithmeticsum. Thepowerfactorsofloadcurrentsmaybegiven(i) w.r.t.
receiving or sending end voltage or (ii) w.r.t. toloadvoltageitself.Each caseshallbediscussed
separately.

(h)Powerfactorsreferredtoreceivingend
voltage. Considerana.c. distributorAB withconcentratedloadsofllandl2tappedoffat points C and
B as shown in Fig. Taking the receiving end voltage
VBasthereferencevector,letlaggingpowerfactors at Cand Bbecos@1 and cos@?2

w.r.t.VB.




LetR1,X1 andR2,X2 betheresistanceand reactanceofsectionsACandCB
ofthedistributor.

A Ry+jX, C R, + X, B

Y

Impedance of section4C, Z,. = R;+jX]

I,, cos ¢, I,, cos &,

Impedance of section CB. Z_C}; = R, +j X,

Load current at point C. Z = I, (cos O, —j sin ¢,)
Load current at point B. T; = I, (cos O, —j sin 0,)
Current in section CB, E = 7; =1, (cos O, —j sin ¢,)
Current in section 4 C. m = 71) + T_’

= I, (cos ¢, —j sin §,) + I, (cos b, —j sin ,)
Voltage drop in section CB, @ = EZ_CB) =1, (cos b, —jsind,) (R, +jX,)
Voltage drop in section A C, _IQ_C—) = I A; ZA; = (Il + Iz) Z 4c

[Z,(cos ¢; —j sin §,) +1I, (cos ¢, —j sin ,)] [R, +/X|]
Vs +Ts + Vic

L+%

Sending end voltage.

|

Sending end current,

i 1w




(i) Power factors referred to respective load voltages. Suppose the power factors of loads in
the previous Fig. 14.1 are referred to their respective load voltages. Then ¢, is the phase angle
between V. and I; and ¢, is the phase angle between 7, and Z,. The vector diagram under these
conditions is shown in Fig. 14.3.

Fig. 14.3
Voltage drop in section CB = I__’ Z—a; =1, (cos ,—jsind,) (R, +j X
Voltage at point C = I—/; + Drop in section CB=V . Z 0. (sa
Now 7{ = I, £-¢; wr.t.voltage V.
I, =1, Z-(,-0) wrtvoltageV,
ie. I, = I, [cos (0, —a) —jsin (¢, — )]
Now Lje: = g ¥h

= I, [cos (¢; — o) —j sin (¢; — o)] + I, (cos &, —j sin §,)

Voltage drop in section AC = ITé Z 40
Vy+ Drop in CB + Drop in AC

Voltage at point 4




Example 14.1. A single phase a.c. distributor AB 300 metres long is fed from end A and is
loaded as under :

(i) 100 A4 at 0-707 p.f- lagging 200 m from point A

(i) 200 A4 at 0-8 p.f- lagging 300 m from point A

The load resistance and reactance of the distributor is 0-2 Q and 0-1 Q per kilometre. Calculate
the total voltage drop in the distributor. The load power factors refer to the voltage at the far end.

Seolution. Fig. 14.4 shows the single line diagram of the distributor.

Impedance of distributor/km = (02+;01)Q
A 2om C  1om g
I,=100 A I,=200 A
cos ¢, =0-707 lag cos ¢,=0-8 lag
Fig. 14.4

[SEY

Impedance of section 4C, Z,~ = (0:2+;0-1) x200/1000 = (0-04 +; 0-02) Q

Impedance of section CB, E = (02+;0-1) X 100/1000 = (0-02 +, 0-01) Q
Taking voltage at the far end B as the reference vector. we have,

-

Load current at point B, I, = I,(cos ¢, —jsind,) =200 (0-8 —; 0-6)
= (160 —; 120) A

Load current at point C, 71) = I, (cos ¢, —j sin ¢,) = 100 (0-707 —j 0-707)
= (70-7-5 70-7) A

Current in section CB, I_cz; = 72' =(160 —; 120) A

Current in section AC, m = T; + 172) =(70-7-j70-7)+ (160 —j 120)

= (2307 -51907) A

Voltage drop in section CB. Vg = Ipp ZC,; =(160—; 120) (0-02 +; 0-01)
= (44 -7 0-8) volts

Voltage drop in section 4C, V,. = IL,» Z,- =(230-7—;190:7) (0-04 +; 0-02)
= (1304 —; 3-01) volts

Voltage drop in the distributor = _17:; + _I/—'C; =(13:04—-;301)+(44—-;08)

[ 2 2
Magnitude of drop = (17-44)" +(3-8])" =1785V




Example 14.2. 4 single phase distributor 2 kilometres long supplies a load of 120 4 at 0-8 p.f.
lagging at its far end and a load of 80 4 at 0-9 p.f. lagging at its mid-point. Both power factors are
referred to the voltage at the far end. The resistance and reactance per km (go and return) are
0-05 Q and 0-1 Q respectively. If the voltage at the far end is maintained at 230 V, calculate :

(i) voltage at the sending end

(if) phase angle between voltages at the two ends.

Seolution. Fig. 14.5 shows the distributor 4B with C as the mid-point
Impedance of distributor/km = (0:05+;01)Q

Impedance of section AC, Zac = (0-05+;0-1) x 1000/1000 = (0-05 +; 0-1) Q
Impedance of section CB, Zes = (0:05+ j 0-1) x 1000/1000 = (0-05 +; 0-1) Q

A 1000 m C 1000 m B
I,=80A I,=120 A
cos ¢, =0- 9 lag cos ¢,=0- 8 lag
Fig. 14.5

Let the voltage 7, at point B be taken as the reference vector.

Then. Vs = 230+50

(/) Load current at point B. T; = 120 (08—j06)=96—; 72
Load current at point C, 7; = 80(09—-;0436)=72—; 34-88
Current in section CB, E = 72’ =96-72
Current in section AC, ]Té = 71) +T2’ =(72—-734-88)+ (96 —j 72)
= 168 —j 106-88
Drop in section CB, Veg = Icg Zeg =(96—772) (005 +50:1)
= 12+j6
Drop in section AC. Vic = Lo Z40 =(168 —;106-88) (0-05+;0°1)

= 1908 +/ 1145




Sending end voltage. 7; = 71; +@ + VT£
= (230+j0)+(12+j 6) + (19.08 +; 11.45)
= 261.08 +; 17.45

Its magnitude is = \,«"'(261-08)2 -5 (17.45)2 =26167V
(if) The phase difference 0 between ¥, and Vis given by :
T i - .
tan® = 26108 = 0-0668

0 = tan 0-0668 = 3-82°
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UNIT3

THE RATING OF A DISTRIBUTION SUBSTATION

Assumptions

(1) at constant load density for short-term distri- bution planning and

{ir} at increasing load density for long-term planning,

analyzed a square-shaped service area representing a part of, or the entire service area
of, a distribution substation. It is assumed that the square area is served by four primary feeders
from a central feed point, as shown in Figure 4.16. Each feeder and its laterals are of three-phase.
Dots represent balanced three-phase loads lumped at that location and fed by distribution
transformers.

e ——
AN P /|

™ S/ Distribution
| Y Feedar S E‘f" transformer
| . load

N center
| ~ Feader
I ‘\\\ main - - Lateral
| \\ /.
a
.
B 2
| ,/ \\
i 7
i / N seﬁgg by
g lateral

| //”
|
| /// 203 [,———]
v

the percent voltage drop from the feed point a to the end of the last lateral at ¢ is

G%VD,, = %VD,, + %BVD

e

Reps [5] simplified this voltage drop calculation by introducing a constant K which can be
defined as percent voltage drop per kilovoltampere-mile. Figure 4.17 gives the K constant for
various voltages and copper conductor sizes. Figure 4.17 is developed for three-phase overhead
lines with an equivalent spacing of 37 inches between phase conductors. The following analysis
is based on the work done by Denton and Reps [4] and Reps [5].

In Figure 4.16, each feeder serves a total load of

S,=A,x DkVA @.1)




where S, is the kilovoltampere load served by one of four feeders emanating from a feed point, A,
is the area served by one of the four feeders emanating from a feed point (mi?), and D is the load
density (KVA/mi?).

Equation 4.1 can be rewritten as
S, =1, x DKVA @.2)

since

A=1 @.3)

4

where [, is the linear dimension of the primary-feeder service area in miles. Assuming uniformly
distributed load, that is, equally loaded and spaced distribution transformers, the voltage drop in the
primary-feeder main is

2
%VD, in = -'zixg x K xS, 4.4)

or substituting Equation 4.2 into Equation 4.4,
GND, i = 0.667 X KX DX I}, (4.5)

in Equations 4.4 and 4.5, it is assumed that the total or lumped sum load is located at a point on
the main feeder at a distance of 2/3 x [, from the feed point a.

Reps [5] extends the discussion to a hexagonally shaped service area supplied by six feeders
from the feed point which is located at the center, as shown in Figure 4.18. Assume that each feeder
service area is equal to one-sixth of the hexagonally shaped total area, or
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—xi

V3 (4.6)

= 0.578x 12

where Ay is the area served by one of the six feeders emanating from a feed point (mi?) and / is the
linear dimension of a primary-feeder service area (mi).
Here, each feeder serves a total load of
S¢=Ag X DKVA 4.7)
or substituting Equation 4.6 into Equation 4.7,

Se=0.578xDx1; (4.8)

As before, it is assumed that the total or lump sum is located at a point on the main feeder at a
distance of g X I from the feed point, Hence, the percent voltage drop in the main feeder is

VD i = § Xl XK XS 4.9)
or substituting Equation 4.8 into Equation 4.9,
%V D gain = 0.385 X K x D x [, (4.10)

GENERAL CASE: SUBSTATION SERVICE AREA
WITH N PRIMARY FEEDERS

Denton and Reps [4] and Reps [5] extended the discussion to the general case in which the distribu-
tion substation service area is served by n primary feeders emanating from the point, as shown in
Figure 4.19. Assume that the load in the service area is uniformly distributed and each feeder serves
an area of triangular shape. The differential Joad served by the feeder in a differential area of dA is

— Feeder
& main

—

(n- 1)x2-9 de 3 E ‘\\I I

f ]
’ |

FIGURE 419 Distribution substation service area served by a primary feeders.

[




dS =D dA kVA (4.110)

where dS is the differential load served by the feeder in the differential area of dA(kVA), D is the
load density (KVA/mil), and, dA is the differential service arca of the feeder (ni?).
[n Figure 4.19, the following relationship exists:

tanf = Y 4.12)
X+ elx

or

y={(x+dx)tan8

= x X tan 6. 13
The total service area of the feeder can be calculated as
f,
&=LM (4.14)
=[? Xtan#.
The total kilovoltampere load served by one of the n feeders can be calculated as
f,
5 = J ds
e (4.15)

=Dx[> xtan6.

This total load is located, as a lump-sum load, at a point on the main feeder at a distance of
213 x 1, from the feed point a. Hence, the summation of the percent voltage contributions of all such
areas is

74

%VD, = 3% L, xKxS§, (4.16)
or, substituting Equation 4.15 into Equation 4.16,
%VQF%xKxDxﬁxmne @.17)
or, since
n(20) =360 ]
(4.18)

Equation 4.17 can also be expressed as

C

%VD, = i x KxDxI xtan 3:)0 : 4.19)

fu Zn

Equations 4.18 and 4.19 are only applicable when n = 3. Table 4.2 gives the results of the
application of Equation 4,17 to square and hexagonal areas.




TABLE 4.2
Application Results of Equation 4.17

n ] fan 6 % VD,

4 45° 1.0 %xf(xnxlj
' 10° L 2 K 3
6 30 A 3xk xDx,

For n = 1, the percent voltage drop in the feeder main is

1

%VD, =5 xKx D x| (4.20)
and forn=21itis
%VD, =2 X KX DX} .21)

To compute the percent voitage drop in uniformly loaded lateral, lump and locate its total load
at a point halfway along its length, and multiply the kilovoltampere-mile product for that line length
and loading by the appropriate K constant [3).

BusSchemes

Thesubstationdesignorschemeselecteddeterminestheelectricalandphysicalarrangementof
theswitchingequipment.Differentbusschemescanbeselectedasemphasisisshiftedbetweent
hefactorsofsafety,reliability,economy,andsimplicitydictatedbythefunctionandimportanceoft
hesubstation.

Thesubstationbusschemesusedmostoftenare:
Singlebus

Mainandtransferbus

Doublebus,singlebreaker
Doublebus,doublebreaker

Ringbus

Breakerandahalf

o 0k wbdPE

Someoftheseschemesmaybemodifiedbytheadditionofbus-
tiebreakers,bussectionalizingdevices,breakerbypassfacilities,andextratransferbuses.




(f) single bus scheme;

Singlebuabarschemenameitselfindicatesthatitconsistsofonlyonebusbar

Each scheme has some advantages and disadvantages

Line

i

Circuit breaker

Bus

Disconnecting

LT

Line Line Line Line

A typical single-bus scheme.

Switching Scheme Advantages Disadvantages

. Single bus 1. Lowest cost, 1. Failure of bus or any circuit breaker results in
shutdown of entire substation.
2. Difficult to do any maintenance,

3. Bus cannot be extended without completely
de-encrpizing the substation.

4. Can be used only where loads can be interrupled or
have other supply arangements.

(i) double bus-double breaker (or double main) scheme

\I 188
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A
/
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Line Line

A typical double bus-double breaker scheme.




Switching Scheme Advantages Disadvantages

Diouble bus-double 1. Each circuit has two dedicated 1. Most expensive,
breaker breakers,

2. Has flexibility in permitting feeder 2. Would lose half the circuits for breaker failure if

circuits to be connected to cither bus, circuits are not connected 1o both buses.
3. Any breaker can be 1aken out of
service for mainenance.

4. Hhgh rel:ability.

(iii) main-and-transfer bus scheme;

Incoming Incoming
line line

|
Al
7

! !
il jj
1

I L L r
Cutgoing Outgoing
lines lines

Main bus

L\;Lxg_/ i
-1

J._

Transfer bus

A typical main-and-transfer bus scheme.

Switching Scheme Advantages Disadvantages
. Main-and-transfer 1. Low initial and ultimate cost. 1. Requires one extra breaker for the bus tie.
2. Any breaker can be taken out of 2. Switching is somewhat complicated when
service for maintenance, maintaining a breaker.
3. Potential devices may be used on 3. Failore of bus or any circuit breaker results in

the main bus for relaying. shutdown of entire substation,




(iv) double bus- single breaker scheme;

Bus 1
=" i r L
Bus
tie
braeaker
Bus 2

Lol L)
%

Line

;
|

Lire

Rals
%

A typical double bus-single breaker scheme.

Switching Scheme Advantages

1. Permits some flexibility with two
operating buses.

. Double bus-single
breaker

2. Either main bus may be isolated for
mainienance.

3. Circuit can be transferred readily
from one bus to the other by use of
bus-tie breaker and bus selector
disconnect switches,

Lad pd —

Disadvantages

. Omne extra breaker is required for the bus tie,

. Four switches are required per circuit.

. Bus proteciion scheme may cause loss of substation
when it operates il all circuits are
connected to that bus.

4, High exposure to bus faults.

5. Line breaker failure takes all circuits connected to

that bus out of service.

6. Bus-tie breaker failure 1akes entire substation our of

service,
(v) ring bus scheme;
Line Line Line
— — : — —
| — o — . I
—1 | M-
¥ l l
Lime Line Line

A typical ring bus scheme.




Switching Scheme

Ring bus

Pd =

Lad

Advantages

. Low initial and altiimate cost.
. Flexible operation for breaker

maintenance.

. Any breaker can be removed for

maintenance without intermupting
load.

Requires only one breaker per
circuit.

. Does not use main bus,
. Each circuit is fed by two breakers,
AL switching is done with breakers.

(vi) breaker-and-a-half scheme.

Line Line

[

Lirme

Disadvantages

. If a fault occurs during 2 breaker maintenance period,

the ring can be separated into two sections.

- Automatic reclosing and protective relaying circuitry

rather complex.

- If a single set of relays is used, the circuit must be

taken out of service to maintain the relays (common
on all schemes), .

- Requires potential devices on all circuits since theres

is no definite potential reference point. These devices
may be required in all cases for synchronizing, live
[ine, or voltage indication.

. Breaker failure during a fault an one of the circuits

causes loss of one additional circuit owing to
aperation of breaker-failere relaying.

Bus 1

(-

I I

-

_——
b

._\{]—/J—\_D_/ﬂ_u}m

Tie breaksr

Bus 2

L4

Lime Lirve

A typical breaker-and-a-half scheme.

Switching Scheme

Breaker-and-a-half

Advantages

|. Muost flexible operation,
2, High reliability.

Y A
Line

3. Breaker fmlure of bus side breakers

removes only one circieil from

SETVICE.

4. All switching 15 done by breakers.
5, Simple operation; no disconnect

switching required for normal

Dperaioen,

6. Either main bus can be taken owt of

service at anv time for
maintenance.

1. Bus failure docs not remove any

L L L

Disadvantages

1. 1%z breakers per cincuit.
2. Relaying snd automatic reclosing are somewht

mvolved since the middle breaker must be responsive

te either of its associated circuits.
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UnitlV

VOLTAGEDROPANDPOWERCALCULATIONSFORATHREEPHASEBALENCEDPRIMARYL
INES

RADIAL FEEDERS WITH UNIFORMLY DISTRIBUTED LOAD

s dV = zx dx =0

FIGURE 5.25 A radial feeder.

The single-line diagram, shown in Figure 5.25, illustrates a three-phase feeder main having the
same construction, that is, in terms of cable size or open-wire size and spacing, along its entire
length [. Here, the line impedance is z = r + jx per unit length.

The load flow in the main is assumed to be perfectly balanced and uniformly distributed at all
locations along the main. In practice, a reasonably good phase balance sometimes is realized when
single-phase and open-wye laterals are wisely distributed among the three phases of the main.

Assume that there are many closely spaced loads and/or lateral lines connected to the main but
not shown in Figure 5.25. Since the load is uniformly distributed along the main, as shown in
Figure 5.26, the load current in the main is a function of the distance. Therefore, in view of the
many closely spaced small loads, a differential tapped-off load current df, which corresponds to a
dx differential distance, is to be used as an idealization. Here, ! is the total length of the feeder and
x is the distance of the point 1 on the feeder from the beginning end of the feeder. Therefore, the
distance of point 2 on the feeder from the beginning end of the feeder is x + dx. I is the sending-
end current at the feeder breaker, and I, is the receiving-end current. I, and I, are the currents in
the main at points 1 and 2, respectively. Assume that all loads connected to the feeder have the
same power factor.

The following equations are valid both in per unit or per phase (line-to-neutral) dimensional
variables. The circuit voltage is cither primary or secondary, and therefore shunt capacitance cur-
rents may be neglected.
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FIGURE 5.26 A uniformly distributed main feeder.

As the total load is uniformly distributed from x=0to x = 1,

> (5.8)

which is a constant.

Therefore I, that is, the current in the main of some .x distance away from the circuit breaker,
can be found as a function of the sending-end current /¢ and the distance x. This can be accom-
plished either by inspection or by writing a current equation containing the integration of the /.
Therefore, for the dx distance,

Ly=1,+dl (59

or

fl"l = in _dT (510)

From Equation 5.10,




lo=1,—-dl —
= J[\I - £ dx
dx
or
j—xE = I_ri 7;?&
where
F=4
dx
or, approximately,
Td = Txl - kd—
and
Tg=1I,+kdl
Therefore, for the total feeder,
l,=1—kxl
and
I.=1.+kxl

When x = {, from Equation 5.15,

hence k=

and since x = [,
I=1-kxx

Therefore, substituting Equation 5.17 into Equation 5.18,

I, =15(1_5].
!

(.11

(5.13)

(5.14)

(5.15)

(5.16)

(5.17)

(5.18)

(5.19)




For a given x distance,

thus Equation 5.19 can be written as:
I=1, (1 —f) (5.20)

which gives the current in the main at some x distance away from the circuit breaker. Note that from
Equation 5.20,

I=0 atx=l!
I, =

I =1 atx=0.

The differential series voltage drop dV and the differential power loss dP s because of I'R
losses can also be found as a function of the sending-end current /, and the distance x in a similar
manner.

Therefore, the differential series voltage drop can be found as:
dV =1,x zdx (5.21)

or substituting Equation 5.20 into Equation 5.21,

dv = sz(i—-}]dx. (5.22)

Also, the differential power loss can be found as:

dP s = 1T % rdx (5.23)

or substituting Equation 5.20 into Equation 5.23,

]

dPs =[1{ - }‘H rdx (5.24)

The series voltage drop VD, because of I, current at any point x on the feeder is

Y

VD, = J dv. (5.25)

1]
Substituting Equation 5.22 into Equation 5.25,

VD, =J15 x z[l _ %)dx (5.26)
[}




or

{ y
VD, =1 x2zX x’\l - ?;7) (5.27)

Therefore, the total series voltage drop 2V, on the main feeder when x = i is:

ZVD, :I,szl(] --'—]
2

or

Zvn_, = ; zx IXI.. (5.28)

The total copper loss per phase in the main because of /7R losses is:

)
ZPLS = .[dPl.S (5.29)
0

or

ZP,_S - %13 Xrx! (5.30)

Therefore, from Equation 5.28, the distance x from the beginning of the main feeder at which loca-
tion the total load current I, may be concentrated, that is, lumped for the purpose of calculating the
total voltage drop, is

whereas, from Equation 5.30, the distance x from the beginning of the main feeder at which location
the total load current /, may be lumped for the purpose of calculating the total power loss is

X =

&
3

CAUSESOFLOWPOWERFACTOR

Lowpowerfactorisundesirablefromeconomicpointofview.Normally, thepowerfactorof
thewholeloadonthesupplysysteminlowerthan0-8.

Thefollowingarethecausesoflowpowerfactor:




(i) Mostofthea.c.motorsareofinductiontype(1\and3\inductionmotors)whichhave
low lagging power factor. These motors work at a power factor which
isextremelysmall onlight load (0-2to0-3)and rises to 0-8 or0-9 atfullload.

(ii) Arclamps,electricdischargelampsandindustrialheatingfurnacesoperateatlowl
aggingpower factor.

(iii) The load on the power system is varying ; being high during morning
andevening and low at other times. During low load period, supply voltage
isincreasedwhichincreasesthemagnetizationcurrent.Thisresultsinthedecreasedp
owerfactor.

Most Economical Power Factor

If a consumer improves the power factor. there is reduction in his maximum kVA demand and
hence there will be annual saving over the maximum demand charges. However. when power factor
is improved. it involves capital investment on the power factor correction equipment. The consumer
will incur expenditure every year in the shape of annual interest and depreciation on the investment
made over the p.f. correction equipment. Therefore. the nef annual saving will be equal to the annual
saving in maximum demand charges minus annual expenditure incurred on p.f. correction equipment.

The value to which the power factor should be improved so as to have maximum net annual
saving is known as the most economical power factor.

Consider a consumer taking a peak load of PkW at a power factor of cos ¢;and charged at a rate
of Rs x per kVA of maximum demand per annum. Suppose the consumer improves the power factor
to cos ¢, by installing p.f. correction equipment. Let expenditure e P >

incurred on the p.f. correction equipment be Rs y per kVAR per O Jo A
annum. The power triangle at the original p.f. cos ¢, 1s O4B and & T
for the improved p.f. cos ¢,. it is OAC [See Fig. 6.13]. kVAR,
kVA max. demand at cos ¢;. kVA, = P/cos ¢, =P sec ¢, 447*&!)
kVA max. demand at cos ¢,. kVA, = P/cos ¢, =P sec ¢, g c KVAR,
Annual saving in maximum demand charges =
= Rsx (kVA,; —kVA,) Fig. 6.13

= Rsx (Psec ¢, —Psecd,)
= Rsx P(sec ¢, —sec 0,) (1)
Reactive power at cos ¢;. kVAR,; = P tan ¢,
Reactive power at cos ¢,. kVAR, = P tan ¢,
Leading kVAR taken by p.f. correction equipment
= P(tan ¢; —tan ¢,)
Annual cost of p.f. correction equipment
= Rs Py (tan ¢; —tan ¢,) (1)




Net annual saving. § = exp. (i) —exp. (i)
xP (sec ¢, —sec ¢,) — yP (tan ¢, —tan §,)

In this expression. only ¢, is variable while all other quantities are fixed. Therefore. the net
annual saving will be maximum if differentiation of above expression w.r. , 1s zero i.e.

d

—(S) =0
Zo ©
or dg [xP (sec ¢; — sec ¢,) —yP (tan ¢, — tan ¢,)] =0
2
d d d s ool _
o1 d¢3 (xP sec ¢,) — d¢2 (xP sec ¢,) — d¢’3 (P tan ¢,) + yP dd)g (tan ¢,) =0
or 0 —xP sec ¢, tan ¢, — 0 + yP sec” 6, = 0
or —xtan$, tysecd, = 0
or tan¢, = l sec 0,
or simf, = yx
" - l = =
Most economical power factor. cos ¢, = Jl-sin” ¢, = Vll —(y/x)*

It may be noted that the most economical power factor (cos ¢,) depends upon the relative costs
of supply and p.f. correction equipment but is independent of the original p.f. cos ¢,.

POWER FACTOR CORRECTION

A typical utility system would have a reactive load at 80% power factor during summer months.
Therefore, in typical distribution loads, the current lags the voltage, as shown in Figure 8.7a. The
cosine of the angle between current and sending voltage is known as the power factor of the circuit.
[f the in-phase and out-of-phase components of the current / is multiplied by the receiving-end volt-
age Vy, the resultant relationship can be shown on a triangle known as the power triangle, as shown
in Figure 8.7b. Figure 8.7b shows the triangular relationship that exists between kilowatts, kilo-
voltamperes, and kilovars. Note that, by adding the capacitors, the reactive power component Q of

lg =fcos B Ve P, kW
a8 I L&}

[=n] I —
4]
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FIGURE 8.7 (@) Phasor diagram and (&) power triangle for a typical distribution load.




the apparent power S of the load can be reduced or totally suppressed. Figures 8.8 and 8.9 illustrate
how the reactive power component Q increases with each 10% change of power factor. Note that, as
illustrated in Figure 8.8, even an 80% power factor of the reactive power (kilovar) size is quite large,
causing a 25% increase in the total apparent power (kilovoltamperes) of the line. At this power
factor, 75 kvar of capacitors is needed to cancel out the 75 kvar of lagging component.

As previously mentioned, the generation of reactive power at a power plant and its supply to a
load located at a far distance is not economically feasible, but it can easily be provided by capacitors
located at the load centers. Figure 8.10 illustrates the power factor correction for a given system. As
illustrated in the figure, capacitors draw leading reactive power from the source; that is, they supply
lagging reactive power to the load. Assume that a load is supplied with a real power P, lagging reac-
tive power Q;, and apparent power S, at a lagging power factor of

a—y

7/ //kvar % 7 7/
2 ) ) 2

FIGURE 8.8 Illustration of the required increase in the apparent and reactive powers as a function of the
load power factor, holding the real power of the load constant.
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FIGURE 8.9 Illustration of the change in the real and reactive powers as a function of the load power factor,
holding the apparent power of the load constant.

When a shunt capacitor of O, kVA is installed at the load, the power factor can be improved
from cos 6, to cos 6,, where

cosf, = —E
s,
_ P
(P — le )112 *
or
cos@, = I (8.9)

[Pr@-0r]?




Therefore, as can be observed from Figure 8.10b, the apparent power and the reactive power are
decreased from S; kVA to S, kVA and from Q, kvar to Q, kvar (by providing a reactive power of Q),
respectively. The reduction of reactive current results in a reduced total current, which in turn
causes less power losses. Thus the power factor correction produces economic savings in capital
expenditures and fuel expenses through a release of kilovoltamperage capacity and reduction of
power losses in all the apparatus between the point of installation of the capacitors and the source
power plants, including distribution lines, substation transformers, and transmission lines. The
economic power factor is the point at which the economic benefits of adding shunt capacitors just
equals the cost of the capacitors. In the past, this economic power factor was around 95%. Today’s
high plant and fuel costs have pushed the economic power factor toward unity. However, as the
corrected power factor moves nearer to unity, the effectiveness of capacitors in improving the power
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FIGURE 8.10 Illustration of power factor correction.

factor, decreasing the line kilovoltamperes transmitted. increasing the load capacity, or reducing
line copper losses by decreasing the line current sharply decreases. Therefore, the correction of
power factor to unity becomes more expensive with regard to the marginal cost of capacitors
installed.

Table 8.1 is a power factor correction table to simplify the caleulations involved in determining
the capacitor size necessary to improve the power factor of a given load from the original to the
desired value. It gives multiplier to determine kvar requirement. It is based on the following
formula:

Q= P(tan,,, —tanf, )

oniy

where Q is the required compensation in kvar, P is the real power in kW, PE,.. 1s the original power
factor, and PF, is the desired power factor.

Furthermore, in order to understand how the power factor of a device can be improved one has
to understand what is taking place electrically. Consider an induction motor that is being supplied
by the real power P and the reactive power Q. The real power P is lost whereas the reactive power
Q is not lost. But, instead it is used to store energy in the magnetic field of the motor. Since the cur-
rent is alternating, the magnetic field undergoes cycles of building up and breaking down. As the

field is building up, the reactive current flows from the supply or source to the motor. As the field is
breaking down, the reactive current flows out of the motor back to the supply or source. In such
application, what is needed is some type of device that can be used as a temporary storage area for




the reactive power when the magnetic field of the motor breaks down.

The 1deal device for this is a capacitor which also stores energy. However, this energy is
stored in an electric field. By connecting a capacitor in parallel with the supply line of the load,
the cyclic flow of reactive power takes place between the motor and the capacitor. Here, the
supply lines carry only the current supplying real power to the motor. This is only applicable
for a unity power factor condition. For other power factors, the supply lines would carry some
reactive power.

ECONOMIC JUSTIFICATION FOR CAPACITORS

Loads on electric utility systems include two components: active power (measured in kilowatts) and
reactive power (measured in kilovars). Active power has to be generated at power plants, whereas
reactive power can be provided by either power plants or capacitors. It is a well-known fact that
shunt power capacitors are the most economical sources to meet the reactive power requirements of
inductive loads and transmission lines operating at a lagging power factor.

When reactive power is provided only by power plants, each system component (i.e., genera-
tors, transformers, transmission and distribution lines, switchgear, and protective equipment) has
to be increased in size accordingly. Capacitors can mitigate these conditions by decreasing the
reactive power demand all the way back to the generators. Line currents are reduced from capaci-
tor locations all the way back to the generation equipment. As a result, losses and loadings are
reduced in distribution lines, substation transformers, and transmission lines. Depending on the
uncorrected power factor of the system, the installation of capacitors can increase generator and
substation capability for additional load by at least 30% and can increase individual circuit capa-
bility, from the voltage regulation point of view, by approximately 30—-100%. Furthermore, the
current reduction in transformer and distribution equipment and lines reduces the load on these
kilovoltampere-limited apparatus and consequently delays the new facility installations. In gen-
eral, the ecomonic benefits force capacitor banks to be installed on the primary distribution system
rather than on the secondary.

It is a well-known rule of thumb that the optimum amount of capacitor kilovars to employ is
always the amount at which the economic benefits obtained from the addition of the last kilovar
exactly equals the installed cost of the kilovars of capacitors. The methods used by the utilities to
determine the economic benefits derived from the installation of capacitors vary from company-
to-company, but the determination of thg total installed cost of a kilovar of capacitors is easy and
straightforward.

In general, the economic benefits that can be derived from capacitor installation can be
summarized as:

1. Released generation capacity.

2. Released transmission capacity.

3. Released distribution substation capacity.

4. Additional advantages in distribution system.

(@) Reduced energy (copper) losses.

(b) Reduced voltage drop and consequently improved voltage regulation.

(c) Released capacity of feeder and associated apparatus.

(d) Postponement or elimination of capital expenditure due to system improvements and/
Or expansions.

(e) Revenue increase due to voltage improvements.




A PRACTICAL PROCEDURE TO DETERMINE THE BEST
CAPACITOR LOCATION

In general, the best location for capacitors can be found by optimizing power loss and
voltage regulation. A feeder voltage profile study is performed to warrant the most effective
location for capacitors and the determination of a voltage which is within recommended limits,
Usually, a 2-V rise on circuits used in urban areas and a 3-V rise on circuits used in rural areas
are approximately the maximum voltage changes that are allowed when a switched capacitor bank
is placed into operation. The general iteration process involved is summarized in the following
steps:

k

(]

9.

Collect the following circuit and load information:

(@) Any two of the following for each load: kilovoltamperes, kilovars, kilowatts, and load
power factor,

(b) Desired corrected power of circuit,

(c) Feeder circuit voltage,

(d) A feeder circuit map which shows locations of loads and presently existing capacitor
banks.

. Determine the kilowatt load of the feeder and the power factor.
. From Table 8.1, determine the kilovars per kilowatts of load (i.e., the correction factor)

necessary to correct the feeder circuit power factor from the original to the desired power
factor. To determine the kilovars of capacitors required, multiply this correction factor by
the total kilowatts of the feeder circuit.

. Determine the individual kilovoltamperes and power factor for each load or group of

loads.

. To determine the kilovars on the line, multiply individual load or groups of loads by their

respective reactive factors that can be found from Table 8.1.

. Develop a nomograph to determine the line loss in watts per thousand feet due to the

inductive loads tabulated in steps 4 and 5. Multiply these line losses by their respective line
lengths in thousands of feet. Repeat this process for all loads and line sections and add
them to find the total inductive line loss.

- In the case of having presently existing capacitors on the feeder, perform the same calcula-

tions as in step 6, but this time subtract the capacitive line loss from the total inductive line
loss. Use the capacitor kilovars determined in step 3 and the nomograph developed for
step 6 and find the line loss in each line section due to capacitors.

- To find the distance to capacitor location, divide total inductive line loss by capacitive line

loss per thousand feet. If this quotient is greater than the line section length

(«) Divide the remaining inductive line loss by capacitive line loss in the next line section
to find the location;
(h) If this quotient is still greater than the line section length, repeat step 8a.

Prepare a voltage profile by hand calculations or by using a computer program for voltage
profile and load analysis to determine the circuit voltages. If the profile shows that the volt-
ages are inside the recommended limits, then the capacitors are installed at the location of
minimum loss. If not, then use engineering judgment to locate them for the most effective
voltage control application.
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Distribution Automation (DA)

5.1 Distribution Automation (DA)

It is an integrated system concept for the digital automation of
distribution sub-station, feeder and user functions. It includes control,
monitoring and protection of the distribution system, load management
and remote metering of consumer loads.

The distribution automation contains:

Computer Hardware
Computer Software

Remote Terminal Units (RTUs)
Communication Systems
Consumer Metering Devices.
The benefits of DA are:

Improved quality of supply
Improved continuity of supply
Voltage level stability
Reduced system losses
Reduced investment

The distribution automation system provides automatic reclosing of
relays, automatic feeder switching and provides remote monitoring and
controlling of distribution equipment (transformers, capacitors,
breakers, sectionalizers, communication nodes etc.) from sub-siation up
to and including the consumer interface. It affords the utility in
minimizing outage time and ultimately, better consumer service and
lowering of the total delivered cost of electricity. It allows operation of
the system with less capacity margin. The technical aspects of
distribution automation are complex and need a thorough examination
for their planning.

The various functions DA can be:

o Electrical network analysis
e Work management
e Trouble call analysis




e Consumer load monitoring

e Intelligent remote metering e.g. automatic meter reading etc.
* Automated capacitor control

Sub-station automation

Intelligent electric devices

Advanced remote terminal units

Computerized power distribution relays

Power quality monitoring

Automated Mapping (AM)/Facilities Management (FM)/Geog-
raphical Information System (GIS).

e Energy Management

5.2 Project Planning

Rigorous project planning and management practices should be applied
to complete the work in time and within the budget. The automation
schemes should be constructed on a turn-key basis from a capable
vendor with maintenance and training contracts for a year or two
initially.
The project plan should contain:
e A detailed schedule of all project activities and their estimated
durations.
e A statement on the methods to be used to complete all the project
activities.
e A quality statement which identifies all quality control and quality
assurance steps to be applied.
e The structure of database is most critical to the integrated function
of Distribution Management System (see Fig. 5.1). The choice of

information _—
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_ Typical distribution automation integration




Data Base Management System is important for any SCADA/
EMS etc. to assure consistency of information over the telecontrol
system [18].

* A statement on the organisation requirements and impacts within
the utility organisation, to effectively manage the data capture/
conversion process, and to maintain the data in an upto date.

Definitions

e Automation Switching Controls: Some of these are as follows:

(a) Outdoor Lighting Controls: Local electro-magnetic relay or
electronic and/or thermal/time delay relay with photoelectric
controls. .

(b) Line or Capacitor Switching Controls: Local control by time,
temperature, current, voltage and VAr. Remote control by
VHF/UHF radio.

(c) Line Post Sensors: SCADA and local feeder monitoring for
load switching and fault information.

(d) Faulted Circuit Indications: Fault location through use of on
site LED, fluorescent flag, and remote SCADA indication for
single-phase or three-phase overhead, underground or
padmounted transformers.

(e) Radio Switches: Peak power demand reduction through
VHF/UHF radio switching of consumer or feeder load.

e Ethernet: A popular network protocol and cabling scheme with a
transfer rate of 10 megabits per second, originally developed by
Xerox in 1976. Ethernet uses a bus topology capable of connecting
up to 1024 PCs and workstations within each main branch.
Network nodes are connected by either using thick or thin coaxial
cable, or by twisted-pair wiring. Ethernet user Carriers Sense
Multiple Access/Collision Detection (CSMA/CD) to prevent
network failures or collisions when two devices try to access the
network at the same time.

¢ Information Technology (IT): It includes administrative
computing and all ‘end-user’ computing of a business and
technical nature. The term extends to smart or intelligent,
programmable electronic devices used in power operations, from
the generation of electricity (with computer-based distributed
plant control systems) to power distribution automation (includ-

ing applications of such technologies as automated mapping sys-
tems, SCADA, EMS etc.




e LAN: A group of computers and associated peripherals connected
by a communications channel capable of sharing files and the
resources between several users.

¢ Management Information Systems: Most often defined in the
power utility industry, as the department responsible for admin-
istrative computing systems and operations.

e Man Machine Interface (MMI): It is interface between man and
technology for control of the technical process. The computer
system at Master Control Centre or Central Control Room
Integrates with RTU over the communication link with its
transmission protocol, acquires the remote sub-station or distri-
bution transformer/Feeder data and transfers the same to the
computer system for MMI. Figure 5.2 shows the flow-diagram for
Man Machine Interface for the power system. The software is
configured in a manner that makes the single-line diagram of the
distribution system. The entire system can be monitored and
controlled from the screen.

e Modem: The word is a contraction of Modulator/DE Modulator.
Modulation is the conversion of digital bit streams into analog
telemetry suitable for transmission. Demodulation is the reverse
of that process. The modem is a device that allows a computer to
transmit information over a suitable communication link, such as
a telephone line. It translates the digital signals that the computer
uses to analog signals suitable for transmission over the
communication link. A suitable communication programme is
needed to operate the modem.

o Packet: This includes any block of data sent over a network. Each
pack contains information about the sender, receiver and error
control information, in addition to the actual message. Packet
switching is a data transmission method and simultaneously sends
data packets from many sources over the same communication
channel. Packet-switching networks are considered fast and
efficient. Standards for packet switching on networks are
documented in the CCITT recommendation X.25.

e Protocol: In computer lingo, a protocol is that which allows two
computers to understand each other while transferring informa-
tion between themselves. In networking and communications, it is
the specification that defines the procedures to follow when trans-
mitting data. Software products from different vendors can com-
municate on the same network if they use the same protocol. This
is software handshaking.




¢ Router: In networking, an intelligent connecting device that can
send packets to the correct LAN segments to take them to their
destination.

¢ Remote Terminal Units (RTUs): Modern RTUs are micropro
cessor based devices and are designed to acquire data and transfe
the same to the Master Station through a communication link ra
dio, power line carrier, wire, fibre optic etc. RTUs collect datz
from transducers, transmitters, contact inputs from equipment/
instruments, meter readings etc., perform analogue/digital con
versions, check data-scaling and corrections (typically at I/0 carc
level), perform pre-processing tasks and send/receive message:
from/to master station(s) via interfaces.

The RTU for a transformer has the following functions:

(i) Data exchange between the communication line to the
master station and low voltage line RTU for consumers.
(ii) Automatic data polling to RTU for consumers. RTU for the
e Workstation: The role of the Workstation is to serve as an
intelligent window to the database. It is a high performance
computer. It is used to:
e Provide a simple user interface for indexing the data.
Form the database access commands.
Communicate with the server database.
Accept the data are returned from the database.
Display the data graphically.

consumer has the following functions:
(i) Remote meter reading.
(ii) Load control.
(iii) Display of information for the consumer.
A typical installation of the RTU for consumer automation is
shown in Fig. 5.3. Various companies in India have developed the
RTU for DAS such as Global, Shyam, ABB, GEC, CMC, EMCO,

Siemens etc.




Communication

There are many communication methods available. Evaluation of
different communication systems for data communication between
Distribution Control Centre (DCC) and any point on the distribution
network is required at the planning stage. The fundamental
requirements for communication infrastructure are:

(i) Determination of system average message rate;

(i) If it can handle the requisite amount of data and multitasking;

(iii) Data throughput and system response times should meet various

application requirements;

(iv) It should allow for network growth and added applications.

The communication methods may be used individually or combined.

.1 Public Switched Telephone Network (PSTN)
2 Power-Line Carrier (PLC)

(a) Ripple Control
(b) Cyclocontrol
(c) Carrier Frequency

3 Radio Communication

(a) UHF Point-fo-point Radio

(b) UHF Multi Address System Radio
(c) VHF Radio

(d) Packet Switching Network (PSN)
(e) Cellular Radio

4 Fibre Optics

5 Satellite Communication




Sensors

Line sensors can be provided at line poles or towers which acquire
data, such as phase currents and phase voltages and can also detect short
circuit and grounding faults.

basic sensors may be current transformer, voltage transformer relay,
level gauge, pressure gauge, flow metre, bimetallic temp. element etc.

Transmitter

This provides output (transmittable) signals after converting and
amplifying low level signals of basic sensor elements. Modern
transmitters are smart and microprocessor based, performing many
other functions such as alarm, signal etc.

Transducer

This is a measuring element that senses the external action. It gathers
parameters and supplies through remote telecommunication capabi-
lities. Conversion components are often classified as sensors or as
transducers. The difference is often blurred, but in essence, a sensor
converts from one form of energy to another with no regard to efficiency
and is generally used for measurement purposes. A transducer is used
where the efficiency of transfer is more important, as in control systems.
Transducers measure non-electrical quantities and convert them into
electrical quantities. The commonly used transducers are photo-cell,
hall-effect fluxmeter, microphone, thermocouple, thermistor, Resistance
Temperature Detector (RTD), potentiometer, piezo-electric, piezo-
resistive, capacitance, electronic bridge-circuit, strain-gauge and
programmable power transducer (for real-time feeder telemetry data)
etc. [5].

Receiver

In two way communication, the Receiver is used as terminal equipment
along with the transmitter.




Supervisory Control and Data Acquisition (SCADA)

Distribution SCADA (see Sec. 4.13) supervises the distribution system.

The application areas of SCADA can essentially be categorized into

the following groups:

e Small SCADA systems with a selected number of functions, e.g.
for distribution networks and for electrical networks of industrial
complexes.

e Medium-size SCADA and EMS with the full spectrum of functions
for distribution and subtransmission networks, and selected func-
tions for generation.

e Large-scale SCADA and EMS with an extensive and sophisticated
range of functions for transmission networks and generation.

The various components of SCADA are shown in Fig. 5.12.

When interfacing and RTU to existing equipment, the following

aspects may be considered.

e Availability of potential free contacts and motor drives or
actuators.

e Wiring and marshalling.

e Interposing relays may eventually be required.

e Measurement transducers.

o Buffered power supply.

When building a new sub-station, the integration of the RTU
functions into a microprocessor based station control system is desirable,
since multiple cabling between the signal sources and the different
systems for protection, local control and remote control can be avoided.

Hardware and Software

A typical SCADA system comprises the hardware and the software.

Hardware

The hardware may consist of:
User-friendly man-machine interface
Work-station

Servers having a particular function
Communication sub-system
Peripherals

RTUs.




All the above components communicate with each other via a Local
Area Network (LAN) with internationally standardised protocols.

A flexible redundancy is provided, assigning hot stand-by servers to
any server fulfilling time critical functions.

Software

A thorough understanding of available packages, operating systems,
database access standards, user interface standards and systems integ-
ration techniques is essential to provide solutions to meet specific
requirements. Also vital are high calibre staff and established policies,
procedures and techniques for software engineering, project manage-
ment and quality assurance.

Generally, experienced inhouse groups or external services are
capable of maintaining and enhancing application programmes for
distribution automation such as for SCADA, AM/FM/GIS, CIS etc.
Procurement of new programmes and major upgrades are often assisted
by specialized consultants. There are national and international
suppliers’ markets for a broad range of softwares. An international
standard, SPICE, enables the purchaser to assess the relative capabilities
of software suppliers and the risk involved in selecting them. Artificial
Intelligence (AI) methodology is different from usual programming and
normally, special skills are needed for applying Al tools or shells and
setting-up and maintaining the knowledge base. This situation will be
improved once the application of Al techniques becomes common and
the skills of the maintenace teams are developed.




Consumer Information Service (CIS)

In India, consumer service is mostly done in the manner of ‘fire fighting’,
i.e., it is complaint based. Consumers want fast, accurate and cost-
effective service. CIS package services the following functions for better
service to the consumer:

Consumer information

Account management

Service orders

Field service

New business

Meter reading

Service rates

Billing

Accounts receivable

Credit, deposits and budgets

Collections

Workflow management

Website management

CIS application prog;ammes are normally utility specific and should be
developed inhouse or the standard package may require more of
customization.

Account management maintains information describing service
accounts and consumer accounts. CIS also maintains relationships
between service accounts, consumer accounts and the consumers. Field
service manages the scheduling, assignments and execution of field
service orders. The field work includes new works, utility service and
metre orders, complaint attendance orders, distribution service orders
and investigation orders. The field service orders support the scheduling
and execution of consumer requests for service, identification of
available work dates for order scheduling, assignment of service
personnel, dispatching of workteams and tracking the progress of each
service order. Workflow management routes, analyzes, and distributes
work in the system to appropriate functions, individuals and process.
Work is broadly defined, encompassing orders, correspondence,
information to be reviewed, revenue collection of defaulting amount
cases, billing exceptions and various other activities. An extensive on-
line help system can be available within CIS for each feature. With
special software, *1e telephone technology is installed to facilitate the
helpdesk operations.




Geographical Information System (GIS)

GIS stores distribution system records for the entire network, giving
details of the age and position of sub-stations, lines and cables etc. Users
can always know where their assets are and how they relate to each
other.

Topological maps can be used for grid control i.e. load analysis,
contingencies analysis; laying of cables, attending consumer complaints
etc. The task of “digitising” power utility maps, and then to “vectorise”
the digitised information so that roads, wires and other plant are
recognised. Image processing and knowledge-based system techniques
are used for automating this process.

Integrating geographical information systems into business support
systems provides further benefits for an organisation. For example,
emergency repairs would be carried out more efficiently if control room
operators could send maps showing the location of equipment to
maintenance staff.

The output of such analysis is always in bitmapping form. The GIS
software package developed by the National Informatics Centre (NIC),
is called GISNIC. The Geological Survey of India has a GIS mapping
software which is capable of very high-level bit-mapping. GIS softwares
have been developed by Infotech Enterprises, ISRO, RM Software
India. GIS technology finds excellent use in facility mapping of power
supply network.

Automatic Meter Reading (AMR)

AMR is the remote collection of consumption data from the consumer’s
power utility meter over a telephone line, radio system or power line
carrier. AMR helps to:

Improve billing accuracy

Eliminate the need for estimating meter reading

Shorten the time from consumption to billing and payment
Improve load management

Check tamper and leakage before it becomes a problem

Increase the return on investment on a meter

Provide remote connect and disconnect of the power connection
Provide flexible tariff.




AMR comprises three elements:

e Automatic reading of meters

e A communication link between the meters and the central billing

system

e A centralized information database on consumption.

Each AMR meter is provided with a transmitter/receiver module. It
can read meters via a public switched telephone (PSTN), switched
cellular, GPRS (Gross Packet Radio Service), GSM (Global Service for
Mobile Communications) cellular connections etc. All these services are
widely available in the country. About 10 per cent of AMR devices
installed worldwide communicate by telephone and nearly 5 per cent by
PLC. Radio is used in the remaining 85 per cent [17]. Radio is the least
expensive technology for AMR. Radio AMR meter modules in the US
generally operate at 900 MHz. In the UK, 184 MHz has been allocated
for meter reading. In continental Europe, 433 MHz is the norm.

In the US, the radio band is shared with many users and spread
spectrum modulation technique is encouraged. This system has been
adopted in India. Certain environmental factors may require special
considerations depending on where the meter is located. There may not
be a clear path for the radio receiver in handheld computers, vehicles or
pole-mounted units. Repeaters can be used to supplement such
installations and are often needed in apartments, high-rise buildings or
densely-populated city areas. Singapore Power uses a telephone line or
GSM mobile telephone interface with RTU that reads the meter (records
and stores pulses generated by the electricity meters) each day [11].

AMR software can have added value functions such as supervision
of meters, operational conditions, detection of fraud attempts, consumer
load profiles as per the standard: IEC 6206-31—data exchange for meter
reading, tariff and load control.

Automation Systems

The required function of distribution automation system varies with each
application. The typical distribution automation systems composed of
master station and the distribution equipment for feeder and consumer
automation system is as shown in Fig. 5.14. The detail of equipment i:
shown in Table 5.1.




BIPal UOHEDIUNWIWOD) : -
® senea)q NN : 80 e _ niy
W M JOWNSUOD JOJ MUY & 7 m W (ssepoay Bupjuy) youms seb 94g
M m Jsuuojsuen JojnNiy : @ m el | (siepas) uew) youms seb 94g

ajqea ondo-auqiy @
olpey @ [
S8 UORED uonels Jajsew
-“unwwoose] @
eipaw a1 )
UONEDILUNWIWOY \ .
, f
Hi 8 B RN |
7 2 SR Uil S :
Y auj| punoib-iepin
| JO 8sed 8y} u) -
‘1) pajunow ajod y . L 2o |
== E] | 8
] 8U|| pEaYIBAD " uoners | _
0 @sed ay) u| -ang 4
- - |

wapss uoyypwoynpuonguystp 1021g4]

wejsAs uonewone !
uonnguisip |ejoL

we)sAs
|oRuod
uones-gng

wayshs
epeds




Table 5.1
Typical equipment of distribution automation system

Master station Distribution equ t
“Feeder automation mmwmmoﬂon

Work-station Remote terminal unit (RTU) RTU for transformer

Communication Remote-controlled RTU for consumer

equipment SF gas switch

Console or MMI  Line sensor Communication media
Communication media

Typically, the following three types of communication can be linked
with the master station and RTU for feeder automation or RTU for
transformer and for consumer automation:

e Telecommunication

¢ Radio communication

o Fibre optic communication
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