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2.

a) Explain the various factors cffe

cting the distribution system planning,

i) Load forecasting

i) Substation expansion
iii) Substation site selection
iv)

Historical
(tim)
data

Population
growth

Load
density

Alternative
energy
sources

Load
forecast

Tie
capacity

Transmission
voltage

Transmission
stiffness

Feeder
limitation
(getaway)

Total cost for system expansion

Geographical
factors

Load
(demand)
forecast

Industrial
plans

Community
development
plans

Present
capacity and
configuration

Projection
limitations

Physical size
and land
availability

Substation
éxpansion

Physical
barriers

Ultimate
size
limitations

Economic

Power factors

losses




2.
b) Derive relationship between load factor and loss factor for differ

Load
forecast

Load
density

to

Closeness

load centers

_Feeder
limitations

Construction
cost

Installation
costs

Building
costs -

Capital
costs

Existing
subtransmission
line locations

materials

Interest
lost during
construction

Existing
substation
locations

Maintenance

Land
availability

Cost of
land

Land use
regulations

cost

Operating
cost

Costs
of taxes and
miscellaneous

Power
losses

ent cases.




In general, the loss factor cannot be determined from the load factor. However, the limiting va
of the relationship can be found [3). Assume that the primary feeder shown in Figure 2.8 1s ¢
nected to a variable load. Figure 2.9 shows an arbitrary and idealized load curve. However, it d
notrepresent a daily load curve. Assume that the off-peak loss is P, ¢ |, at some off-peak load P,
that the peak loss is P, ¢ ,at the peak load P,. The load factor is

N oD

Slow =t e <X, , 2
o Pmu PR (

From Figuie 2.9,

P, = JL’E!.i%iQL:Q, .

Substituting Equation 2.27 into Equation 2.26,

Pyxta Rx(T -0
o

F
ok YxT
o1
t VT =1
Flp= —4+— X =/ Q2.
o T r

NGURE 2.8 A feedes mih 2 varyabie lnad

b
. _.L.,(ﬁ.) L& (2.35)
7 \n,




By using Equations 2,24 and 2,35, the Joad factor can be relate

cascs

Case I Off-peak load s zer0. Here,
Py, =0

since I’y = (. Therefore, from Equations 2,24 and 2,35,

, o
Fy=lg= T

'hat is, the load factor is equal (o the loss factor and they are c'qunl to the /T constant.

Case2: Very shon lasting peak, Here,

{ =35 ()

hence, in Equations 2,26 and 2,35,

Elled P}
7

therefore,
) ,"l‘e‘ — ("’”))2

Ihat is, the value of the loss factor approaches the value of the load factor squared.

Case 3:  Load is steady. Here,

{—5 7.

d to loss factor for three differen

(2.36)

(2.37)

That is, the difference between the peak load and the of f-peak 1oad is negligible. For example, if the

customner’s load is a petrochemical plant, this would be the case, Thus, from Equations 2,28 and 2.35,
I

[f s> Py,

(2.38)

However, Buller and Woodrow (5] developed an approximate formula to relate the loss factor to

the load factor as
Fis=03F o+ 07F '

wherse F, 4 is the loss factor (pu) and Fyy, is the load factor (pu).

(2.40a)

Equation 240a gives a reagonably close result, Figure 2.10 gives three different curves of loss
factor a5 a function of load factor, Relatively recently, the formula given before has been modified

for rural areas and expresssed as
. " 2
['u; = O']()Fw + 0.84 pu)-

14
2

3'
j Explain the role of 2 computer in distribution system planning process.
a)r

2 Yo

(2.40b)
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FIGURE 1.10 A schematic view of a distribution planning sysiem

it is possit : antiti :

dm;,[ Wi“l]);l:z(l:(é ,:mrc vasl quantities of data economically, but it is also possible to retrieve desired

( ” s times in the order of seconds. The database management s t b

l!llcrfd(:(: bcl»'vccfl the process which requires access to the data and the data (hycs le provides the

lzcu!ar organization which is likely to emerge as the dominant one in the near fmtse & it o

the idea of a relation, Operations on the database are performed by the databz;:’rfnlasnl:;s;i:l:
n

system (DBMS).

3.

b) List different types of tariff and explain about diversified demand method.

Types of Electricity Tarifl

Flat Demand Ratc tariff. ;
Straight-line Meter rate tariff.
Block meter Rate tariff.

« T'wo-part tarifT.

power factor tariff. .

peak load tarifl.

Three-part tariff

ent Démand). It is thedemand of the composite group, as a
whole, of somewhat unrelated loads overa specified period of time. Here, the maximum diversified
demand has an importancc. It is the maximum sum of the contributions of the individual demands

to the diversified demand over a gpecific time interval.

For example, “if the test locations cam in the aggregate, be considered statistically representative
of the residential customers as a whole, a load curve for the entire residential class of customers cihi
be prepared. If this same technique is used for other classes of customers, simi
prepared” [31- As shown in Figure 2.4, if these load curves are aggregated, the system load curve can
be developec idence relationships can be observed by comparing the curves.

Diversified Demand (or Coincid

lar load curves can be

i. The interclass cotncl
4. 3
n and efficiency of the transformer.

) Give the cxpressions for regulatio




. . , er factor cos 6, at rg
To ealculate the transformer regulation for a kilovoltampere ]f(?“d‘()f power 1 h ated
voltage, any one of the following formulas can be used:

. 2
S ) (% 1X cos@— % IRsin0) 33
Yo regulation = —S—'— % IR cos @ + 901X 5in 6 + 200 (3.3)
A ‘
or
‘ s [+ 086 — % ‘,' 9 2
Joregulation = Lop % Rcos @4 % X sin @ + (% f%c.()sez()()ﬁ Frne) (3.4)
or

- .0 _ ¥ 2
% regulation = V, cos 8 + V, sin @+ (/X 98 920(;’R sin@)

(3.5)

where 6 is the power factor angle of the lo

: ad, V, is the percent resistance voltage = copper loss/
output X 100, S_is the apparent load power,

! Syis the rated apparent power of the transformer, lyp is
the2 opc;'alnng current, I, is the rated current, Vx is the percent leakage reactance voltage
(Vz = V%)', and V; is the percent impedance voltage. i

Note that the percent regulation at unity power factor is

n c p—_— i} 2
% regulation = SOPREr10ss oy (%reactance)” (3.6)
output 200

The efficiency of a transformer can be calculated from

e . output in watts
7oefficiency = - -
output in watts + total losses in watts

x100. 3.7)
The total losses include the losses in the electric circuit, magnetic circuit, and dielectric circuit.
Stigant and Franklin [3] state that a transformer has its highest efficiency at a load at which the iron

loss and copper loss are equal. Therefore, the load at which the efficiency is highest can be found
from

" 112
%load = | JORI0S8 | o j00. 3.8)
copper loss

whnd

4.
b) Compare different switching schemes.

Summary of Comparison of Switching Schemes
i tages
Switching Scheme Advantages Disadvantag

Lowest cost 1. Failure of bus or any circuit breaker results in
S e Lhove ' shutdown of entire substation.

2. Difficult to do any maintenance.
3. Bus cannot be extended without completely

tion.
de-energizing the substa
4. Can be used only where Joads can be interrupted or

have other supply arrangements.

; ensive.
2. Double bus-double 1. Each circuit has two dedicated 1. Most exp! a
s ' )
e g ’ 2. Would lose half the circuits for breaker failure b
2. Has flexibility in permitting fecder ; vesil

. He sected to both t
its to be connected to either bus. circuits are not conr
circuits to

3. Any breaker can be 1aken out of
SCI“ViCC for nminlcnnncc.
4. High reliability.

ol




A Muin~nn(l‘lwnxt'f-r

4 Donble hl'-“llllul(:
breaker

5. Ring bus

6. Breaker-and-a-half

5.

L Low Inftinl ang u

CANY brenker can
service

Mmate cost,
be taken gy of

Y be used o
ying,
Ihllhy With twe

the maly bus for rela
1, Permigg fome flex
operating huges,
2. Blther main bug
malnwnuncc.
Y. Cireuit can be

may pe isolateq for

transferre rcidlly
from one bus to the other by use of
bus-ije breakes ang bus selecior
disconnee fwitches,

1. Low initinl and ultimate cogy,
2, Flexible operation for breakey
maintenance.,

3. Any breaker cap be removed for
Maintenance without

Imcrrup(ing

load.

4. Requires only one breaker per
circuit,

5. Does not use main bus,
6. Ench circuir is fed by two breakers,
7. AN switehing is done with breakers,

1. Most flexible operation,
2. High reliability.
3. Brenker failure of bus side breakers

removes only one circuit from
service,

B

- All switching is done by breakers,

LA Si|n|1|§'|)|)cruli()n; no disconnecy
switching required for normal
operation.

6. Either main bus can be taken out of
service at any time for
maintenance,

7. Bus failure does not remove hhy

feeder circuits from service.

— w N

W N

-

- Requires one extra brea
- Switching is somewhay

- Failure of bus or an
. One extra breaker is 1.

- Four switches are req
- Bus protection schem

- Bus-iie breaker failure takes en¢
- Ifa fault oceurs durin
- Automatijc reclosing and

- 1f a single set of rel

. Breaker failure during

ker for the bys tie.
complicated whey,
maintaining a breaker,

Y circuit breaker results jn
substatiop,

equired for the pys tie.
vired per circuit,

€ may cause loss of substation
circuits are

shutdowr of entire

when it operates if all
connected 1o that bys,

- High exposure 1o bus faulrs.
- Line breaker failure take

s all circuits connected to
that bus out of service,

ire substation out of
service,

8 a breaker maintenance period,
the ring can be scparated into two sections,

protective relaying circuitry
rather complex,
ays is used, the circuit must be

taken out of service to maintain the relays (common

on all schemes).

- Requires potential devices on all circuitg since there

is no definite potential reference
may be required in all cases fo
line, or vollage indication,

point. These devices
r synchronizing, live

a fault on one of the circuits
causes loss of one additional circuit owing 1o
operation of breaker-failure relaying.

- 1¥2 breakers per circuir.

- Relaying and automatic reclosing are somewhat

involved since the middle breaker must be responsive
1o either of its associated circuits.

. ¥ . . .
a) Hlustrate substation bus schemes'with neat diagra

o y i lllde. (’) i gl t“) ()]]ble

single breaker scheme; (v) ring bus scheme; and (vi) breaker-and-a-half scheme.

Circuit breaker

Line Line

A typical single-bus scheme.

7 Bus

Disconnecting
switch




Line
Line ¥

AN
N Bus 1

L
:

PDJT%—*

I
i

S

Line Line
A typical double bus-double breaker scheme.
§+ : % Main bus
T LFF L T i
l . N3t
’j—_] Bus
tie
I breaker ] I
4 1 1 4 d l 4
b Transfer bus L l
Outgoing 4 Outgoing
lnmnes

lines
Aty pical main-—-and-transfer LGus scheme,

Bus 1li

Bus

tie
breaker
; Bus 2

|
ES
3

Frirae
=gy

._.\_D_/{j:!—_lr

Line Line Line Li

3
4]

¥

A typical double bus-single breaker scheme.

FEsaly
nrye




1 { I Bus 1
C - L4
j‘] L)J ["r]

7

—d >___+ |

\[j;“j %: Tie breakeor
-

| 1

E:

Bus 2

Y

Line Linea Line

Line

A typical breaker-and-a-half scheme.

5.

b) Explain different factors to be considered for sﬁhstation location.

The location of a substation is dictated by the voltage levels, voltage regulation considerations, sub-
transmission costs, substation costs, and the costs of primary feeders, mains, and distribution trans-
formers. It is also restricted by other factors, as explained in Chapter 1, which may not be technical
in nature.

However, to select an ideal location for a substation, the following rules should be observed [2]:

1. Locate the substation as much as feasible close to the load center of its service area, so that
the addition of load times distance from the substation is minimum.

2. Locate the substation such that proper voltage regulation can be obtainable without taking
extensive measures.

3. Select the substation location such that it provides proper access for incoming subtransmis-
sion lines and outgoing primary feeders and also allows for future growth.

4. The selected substation location should provide enough space for the future substation
expansion.

5. The selected substation Jocation should not be opposed by land usc regulations, local ordi-
nances, and neighbors. ‘ - ;

6. The selected substation location should help to minimize the number of customers alfectec
by any service discontinuity.

7. Other considerations, such as adaptability, emergency, etc.

6.

a) Compare four and six feeder patterns in distribution substation.

-~
1)




For a Square-shaped distribution substation arca served by four primary feeders, that is, n = 4, the
area served by one of the four feeders is

¥

Ag=1]mi, (4.22)
The total area served by all four feeders js
TA, = 4A
‘cdl:‘ mi2, .23

The kilovoltampere load served by one of (he feeders is

Si=Dx1] KVA.

(1.24)
Thus, the total Kilovoltampere 1oad served by all four feeders i;‘
TS =aD x 1] kVA. (4.25)
The percent voltage drop in the main feeder js
VD, = % XKxDxl), (4.20)
The load current in the main feeder at the feed point a is
7, & T‘S—L—_ ) (4.27)
' IxV, , J

On the wthee hand, for a hexn

gonally shuped distribution substation are
feeders, that 1s, m o= 6, the

uscrved by six primar ¥
aren served by one of the xix feeders is

A, - :,l.‘. Y AETITEN (4.29)

The total ares served by all six feeders is

y O il mi? 4.30
TA, = = 3 L] i, (4.30)
i ,
i1
The kilosaltampsere load served by one of the feeders is
' . 131
.-,~~.]_xuxl. KVA “1.31)
3

Theseforr, the total kilosoliampere load rerved by ol six feedefs s

((‘" : . (4.32)
S, = —pe W D f] KVA
s, - 3
The percent voltage drop tn the main feeder Is \3:
- — ? (4.33)
» i e 3¢ K DR
%V, }JT i

The bowd cusrent in the main feeder at the feed pointa is

s’ (CE)]

S

.

g A



l\‘( A By ARSI 1T 1§ A nepleg L} 2
A gtven o ny hl oy sSure ap K B '“lI,‘ Vol i}
1 A ap

’A‘-‘-l"

N | 421
and 4 33 inty Eqnmim\.: 36 -
S g
N i 437)
from Equation 4.37, |
! 3
(A] =3
3 (4 3R)

Al S —
so, by dnldmg Equation 430 by Equation 4.23

TA 6l
A, ait

4

>

!
.EL] (4 39)
%)

1]

i

Substituting Equation 4.38 into Equation 439

TAg _3
TA, 2 140
or
TA =150 TA, “.41)
Therefore, the six feeders can carry 1.50 times as much load as the four feeders if they are
thermally loaded. ’

6.

b) Discuss any two over current protective devices.

Fuse:-

A fuse is an overcurrent device with a circuit-opening fusible member (i.c., fuse link) directly heated
and destroyed by the passage of overcurrent through it in the event of an overload or short-circuit
condition. Therefore, the purpose of a fuse is to clear a permanent fault by removing the defective
segment of a line or equipment from the system. A fuse is designed to blow within a specified time
for a given value of fault current. The time-current characteristics (TCC) of a fuse are represented
by two curves: (/) the minimum melt curve and (i) the total clearing curve. The minimum melt
curve of a fuse is a plot of the minimum time versus the current required to melt the fuse link. The
total clearing curve is a plot of the maximum time versus the current required to melt the fuse link
and extinguish the arc.

Fuses designed to be used above 600V are categorized as distribution curowuts (also known as
fuse cutouts) or power fuses. Figure 10.1 gives detailed classification for high-voltage fuses.

The liquid-flled (oil-filled) cutouts are mainly used in underground installations and contain
the fusible elements in an oil-filled and sealed tank. The expulsion-type distribution cutouts are by
far the most common type of protective device applied to overhead primary distribution systems In
these cutouts, the melting of the fuse link causes heating of the fiber fuse tub? which, in turn, ];‘n‘)-
duces deionizing gases to extinguish the arc. Expulsion-type cutouts are classified according lo.‘ u:
external appearance and operation methods as: (/) enclosed-fuse cutouts, (ii) open-fuse cutouts, and
(iii) open-link-fuse cutouts. . . .

Tﬁc ratings of the distribution fuse cutouts are based on continuous currentcarrying L.lpll:l‘ 3‘

=l i i i se cutouts are
nominal and maximum design voltages, and interrupting capacity. In general, the fuse cutou
selected based on the following data:

1. The type of system for which they are selected, for example, overhead or underground,
delta or grounded-wye sys(em.h ected
hi 4 sel 2
_ The system voltage for which they are : =
The nbxaximum available fault current at the point of application.

tio at the point of application. gt . .
. g?:el‘rl/ffc:?):: for exfmple, safety, load growth, and changing duty requirements.

W oW N

Automatic circuit breakers:-




Circnt breakers are automatic mterpling devices which are capable of breaking and “‘\“\‘-“_‘“3 N “‘f‘“
cuit under all conditions, that is, fanlted or normat operating copditions, The pramaty task of a clecuit
breaker is to extinguish the are that develops due to separation of its contacts in an are S\tinguishing
wedium, for example, in air, as is the case for air clicuit reakery, i onl, ax iy the case for ofl cireast
breakers (OCBs), in SE (sulfur henaftuoride), or in vacuum. 1 some Dpesy the ae s extugnished by
a blast of compressed air, as is the case for magnetie blow-out cireuit breakers, The cirenit breakers
used at distribution system voltages are of the ai crreuit breaker or oil circuit breaket tvpe, For lowe
voltage applications molded-case cireuit breakers are avadatve,

Oil circuit breakers controlled by protective relayy are wsnally instatled at the somve substations
to provide protection against faults on distribution teeders, BFygtures 1003 and 1014 show tvpical oil
and vacunm circuit breakers, respactively,

Currently, cireuit breakers me rated ont

b hasis of RMY synumetcical cunent, Usually, cireuit
breakers used in the distribution svstems h

AVE ininm operating times of five cyeles, In general,
relay-controlled circnit breakers are prefered o reclosers due to thei sreater lexibility, accuracy,
design margins, and esthetics. However, they are much mone expensive than reclosers,

The relay, or fault-sensing device, that opens the cirenit breaker is ety an overvunent wndue
tion type with inverse, very inverse, o1 extremely inverse TOC, for example, the overcutent (CO) relays
by Westinghouse or the inverse overcurrent (IAC) relays by General Blectric, Figie 10018 shows a
typical IAC single-phase overcunent relay unit. Bigure 10016 shows typical TOT of overcuntent relays,

7.

) Summarize radial type feeder with uniformly disteibuted load.

I dV = Ex av =0
- 1 2 ———
2
I“ e ld‘i‘ 7;:: Vem—
o N —— ! ax -
— ' v — -

A radial feeder.
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Fwdl
dx
or, approximately, 0
I,; - l,. = "di
nnd

To = Ty 4 kdl

Therefore, for the total fecder,
I, mal,— kx|

and
l,o=1,+ k=Ll

When x =/, from Equation 5.15,
1, =1, —kxI=0

henee

and since x = /,
J,o=1,— k>

FEquation 5.17 into Equation 5.18,

1, = I,(l—i).
1

Therefore, substituting

For a given x distance,
I, =1,

thus IEquation 5.19 can be written as:
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Therefore, the differential series voltage drop can be foupgl as:

dV =1, % zdx : | (.21

or substituting Equation 5.20 into Equation 5.21,
== & x
@7 = 10xz((1-2 Ja (5.22)

Also. the differential power loss can be found as:
AP =17 x rdx (5.23)

or substituting Equation 5.20 into Equation'5.23, Ty

4

dR s = [I((I - _})] rdy (5.24)

7
b) Discuss the coordination procedure between fuse and fuse.

The selection of a fuse rating to provide adequate protection to the circuit beyond its location j:
based on several factors. First of all, the selected fuse must be able to carry the expanded load cur
rent, and, at the same time, it must be sufﬁciént]y selective with'other protective apparatus in series
Furthermore, it must have an adequate reach; that is, it must have the capability to clear a minimun
fault current within its zone in a predetermined time duration.

A fuse is designed to blow within a specified time for a given value of fault current. The TCC:
of a fuse are represented by two curves; the minimum melting curve and the total clearing curve, as
shown in Figure 10.19. The minimum melting curve of a fuse represents the minin}um time, anc
therefore it is the plot* of the minimum time versus current required to melt the fuse. The tota

e

i e

este

.
T

“hy



N Load

Timo

FIGURE 10.19 Coordinating fusses i < S .
in series. g fuses in series using time-current characteristic curves of the fuses conrected

clearing (time) curve represents the total time, and therefore 1t is the plot of the maximum nme
versus current required to melt the fuse and extinguish the arg; plus manufacturing tolerance. It ;<
also 2 standard procedure to develop “damaging™ time curves from the minimu_;n mCIIint-tirn;
curves by using a safety factor of 25%. Therefore the damaging curve (dus o the partial melting) is
developed by taking 75 percent of the minimum melting time of a specific-size fuse at \nr;nu-:
current values. The time unit used in these curves is seconds.

Fuse-to-fuss coordination, that is, the ccordination between fuses connected in seres, €an be
achieved by 1wo methods:

1. Using the TCC curves of the fuses.
2_ Using the ceordination tables prepared by the fuse manufacturers.

Furthermore, scme utilities employ certain rules of thumb as a third type of fuse-to-fuse
coordination method. 2.

In the first method. the coordination of the two fuses connected in series. as shown n
Ficure 10.19, is achieved by comparing the total clearing ime-currsnt curve of the “provecring fusel”
Lh;: is, fuse B. with the damaging time curve of the “protected fuse,” that s, fuse A. Hers, itis neces-
sary that the total clearing time of the protecting fuse not exceed 75% of the minimum melting Llf“t
of the protected fuse. The 25% margin has been selectad to take i‘mo account some of xhe operating
variables, such as preloading. ambient temperaturs, and the partial meltung of_a fuse hink due to a
fault current of short duration. If there is no intersecticn between the afofemcx_lnoncd c-urw:s. 2 com-
plete coordination in terms of selectivity is achieved. However, if there is an intersschon of the two

curves. the associated current value at the point of the intersection gives the ceordination limit for

the partizal coordination achieved.

8. :

a) Explain the effect of shunt and series capacitor on power factor and voltage profile

improvement.

Aot




z= R+ j(X, - X¢)

@ (b)

N/
Ve
/

S

(X =Xc) sin 8

Va
; IR cos 6
IRcos @ IX, sin g

(c) (d)
FIGURE 8.3 Voltage-phasor diagrams for a feeder circuit of ]agging’g i)ower factor: (a) and () without and
(b) and (d) with Series capacitors.
Z=R+jX, Z=R+jX
WA
_— =
Ve Ve Vs _ TX VA
(a) (b)

(c) (d)

FIGURE 8.6 Voltage-phasor diagrams for a feeder circuit of lagging power factor: (a) and (¢
(b) and (d) with shunt capacitors.

) without and

P
cos e, = =
1

V4
= (P2 4+ O2>'?

cos 6,




When a shunt capacitg VA ;
from cos 6, to cos 6, rof Q kVA j

Sin
Rl “alled at the load, the Power factor can be improved
Ve
cos 92 = li
S2
= P

\‘\
P - lev)ln .
or

P 4+, -0y]% 8.9)

8.

b) Explain the method of line drop compensation.

Voltage Regulation
regulator / point

< : %

Source . 3 Y Y Y \e_ Load
o Cc
Voltage-
l regulating
relay

Whr 3R,

Vieg
/’7/&
\<0

I

If no load is tapped off the feeder between the regulator and the regulation point, the R dial
setting of the line-drop compensator can be determined from

CT: 9.2)
R =——XR Q, )
sel PTN eff
S . : ‘s turns
where CT, is the rating of the current transformer’s primary, PTy is the potential tranif(t)fm:l;;;‘: to
X B - toba = egulator
ratio = V,/V,., and R, is the effective resistance of a feeder tonductor from reg
regulation point (Q).
l=s5,

er'f =1, X 7 Qv (9‘3)




1).

#) Determine the ste

where 1, is the rcsislnncc of a feeder conductor from regulator station (o re
u)nm’clm'), §p 18 the length of three-phase feeder between tegulator st
(multiply length by 2.if feeder is in single-phase),

| and 1 is the prima fi
Also, the X dial setting of the LDC can be determineq frol:n e

gulation point (Q/mi per
ation and substation (mi)
eder length (mi).

cr
Xe==—Lxx
LT, T e @ (9.4)

where X, is the effective redctance of

a feeder conductor from regulator 1o regul

b= :
2 R |

ation point,

Xl.'" & ’\'I. X

(9.5)
and

N2+ x, Q/mi (9.6)

P by step procedure (o determine the best capacitor location

1. Collect the following circuit and load information: .

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

(O) 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.

3. From Table 8.1, determine the kilovars per kilowatts of load (i.e., the correction factor)
necessary o 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

4, Determine the individu
loads.

al kilovoltamperes and power factor for each load or group of

. 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 watls 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.

7. 1o the case of having presently existing capacitors on the feeder, perform the same c.alcu.la- .
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 cach line section due to capacitors. e

8. To find the distance to capacitor location, divide total |n(3u.cuvc hx}c loss by capacitive line

loss per thousand feet. 1f this quotient i§'greater than the line section length

ng i ive li itive li S | ine section
() Divide the remaining inductive line loss by capacitive line loss in the next line
10 find the location; . ‘ ,
i the line secti step 8a.
(h) 11 this quotient is still greater than the line section length, repeat step

i : am for voltage

9, Prepare a voltage profile by hand cnlcululi(_ms or by usmf; laf:;:;np::::;;;::f\:;n:hzﬁ L VO%,(-

prolile and load analysis to dclcrminc'lhe circuit vnlm‘gc‘s. Hhe ?mm”c(j e

apes are inside the recommended Ii‘|11|ls,“lllc!1 the capa::.ui%réma me‘m et ot
minimum loss. I not, then use engineering judgment to

voltage control application.

9.

.‘; l
v v “ ¢ overall voltage regulation?
W the various ways to improve the ove all voliag
il ' v h }
Iy) what are

\




To keep distribution cirenit vol

ages within pe
the voltage, that is, to incre

: : rvissible limits, means must be
ase lhc‘cu‘cml voltage when i i 100 low and (o e
high. There are numerous Ways to nprove

C the distribution system's overall
complete listis given by Lokay [1) as: :

provided to contyol
duce it when it is (oo
voltage regulation, The

1. Use of generator voltage regulators
2. Application of voltage-re

gulating equipment in (he distribution substations

3. Application of capacitors in the distribution substation
4. Balancing of the loads on the primary feeders

5. Increasing of feeder conductor size

6. Changing of feeder sections from sing
7. Transferring of loads to new feeders
8. Installing of new substations and primary {eeders

9. Increase of primary voltage level

10. Application of voltage regulators on the primnrgj [eeders
11, Application of shunt capacitors on the primary feeders
12, Application of series capacitors on the primary feeders

le-phase to multiphase
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