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Introduction
n the beginning of the electrical age,
I electricity was generated asadirect current
and voltageswerelow. Theresistancelosses
inthelinesmadeit impracticableto transmit and
distribute power for morethan afew localities of
thecity. Withthe development of thetransformer,
a.c. hastaken over theload formerly supplied by
d.c. Now-a-days, electrical energy is generated,
transmitted and distributed in the form of a.c. as
an economical proposition. The transformer
permits the transmission and distribution of a.c.
power at high voltages. Thishasgreatly reduced
the current in the conductors (and hence their
sizes) and the resulting line losses.

However, for certain applications, d.c. sup-
ply is absolutely necessary. For example, d.c.
supply is required for the operation of variable
speed machinery (e.g. d.c. motors), electro-
chemical work and electric traction. For this
purpose, a.c. power is converted into d.c. power
at the sub-station by using converting machinery
e.g. mercury arerectifiers, rotary convertersand
motor-generator sets. The d.c. supply from the
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sub-station is conveyed to the required places for distribution. In this chapter, we shall confine our
attention to the various aspects of d.c. distribution.

13.1 Types of D.C. Distributors

The most general method of classifying d.c. distributorsis the way they are fed by the feeders. On
thisbasis, d.c. distributors are classified as:
(i) Distributor fed at one end
(if)  Distributor fed at both ends
(iii)  Distributor fed at the centre
(iv)  Ringdistributor.
(i) Didributor fed at one end. In this
type of feeding, thedistributor iscon- g Iholk C L+ D 1, E B
nected to the supply at one end and
loads are taken at different points
aong the length of the distributor.
Fig. 13.1 shows the single line dia- Ii; I, I
gram of ad.c. distributor AB fed at
theend A (also known assingly fed
distributor) and loads I, |, and | ; tapped off at points C, D and E respectively.

Thefollowing points are worth noting in asingly fed distributor :

(a) The current in the various sections of the distributor away from feeding point goes on
decreasing. Thuscurrentin section AC ismore than the current in section CD and current in section
CD is more than the current in section DE.

(b) Thevoltage across the loads away from the feeding point goes on decreasing. Thusin Fig.
13.1, the minimum voltage occurs at the load point E.

(c) Incaseafault occurson any section of the distributor, the whole distributor will have to be
disconnected from the supply mains. Therefore, continuity of supply isinterrupted.

(i)  Digributor fed at both ends. In this type of feeding, the distributor is connected to the
supply mains at both ends and loads are
tapped off at different points along the A c D E B
length of the distributor. The voltage at
the feeding points may or may not be
equal. Fig. 13.2 showsadistributor AB
fedat theends A and B and loadsof |, I, I, I, I,
and | tapped off at points C, D and E
respectively. Here, theload voltage goes
on decreasing as we move away from one feeding point say A, reaches minimum value and
then again starts rising and reaches maximum value when we reach the other feeding point
B. Theminimum voltage occurs at someload point and isnever fixed. It isshifted with the
variation of load on different sections of the distributor.

Advantages
(a) If afault occurs on any feeding point of the distributor, the continuity of supply is main-
tained from the other feeding point.
(b)  Incaseof fault on any section of the distributor, the continuity of supply is maintained from
the other feeding point.

Fig. 13.1

Fig. 13.2
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(c) Theareaof X-section required for adoubly fed distributor is much less than that of asingly
fed distributor.

(iif)y  Didgributor fed at the centre. In this type of feeding, the centre of the distributor is con-

nected to the supply mainsasshownin Fig. 13.3. Itisequivalent to two singly fed distribu-

tors, each distributor having a common feeding point and length equal to half of the total

length.

L

Distributor ring

I A A B Feeder

Fig. 133 Fig. 13.4

(iv)  Ringmains. Inthistype, thedistributor isin theform of aclosed ring asshownin Fig.13.4.
It is equivalent to a straight distributor fed at both ends with equal voltages, the two ends
being brought together to form aclosed ring. Thedistributor ring may befed at one or more
than one point.

13.2 D.C. Distribution Calculations

In addition to the
methods of feeding
discussed above, a
distributor may have
(i) concentrated
loading (ii) uniform
loading (iii) both
concentrated and
uniform loading.
The concentrated
loads are those
which act on particu-
lar points of the dis-
tributor. A common
example of such
loads is that tapped
off for domestic use.
On the other hand,
distributed loads are
those which act uni-
formly on all points
of the distributor.

D.C. Load

Ideally, there are no distributed loads. However, a nearest example of distributed load is a large
number of loads of same wattage connected to the distributor at equal distances.
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In d.c. distribution calculations, one important point of interest is the determination of point of
minimum potential on thedistributor. The point whereit occurs depends upon theloading conditions
and the method of feeding the distributor. The distributor is so designed that the minimum potential
on itis not less than 6% of rated voltage at the consumer’sterminals. In the next sections, we shall

discuss some important cases of d.c. distributors separately.

13.3 D.C. Distributor Fed at one End —Concentrated Loading

Fig. 13.5 shows the single line diagram of a 2-wire d.c. distributor AB fed at one end A and having
concentrated loads 1, 1, 1, and |, tapped off at points C, D, E and F respectively.

A C D E F B

/ f ry I Iy

Fig. 13.5

Letr,,r, ryandr, bethe resistances of both wires (go and return) of the sections AC, CD, DE
and EF of the distributor respectively.

Current fed from point A =t +l+1,
CurrentinsectionAC =t +l+],
Current in section CD = L+t
Current in section DE =3+,

Current in section EF =1,
VoltagedropinsectionAC =1, (I, +1,+1;+1)
VoltagedropinsectionCD = r, (I, +15+1,)
VoltagedropinsectionDE = ry (I3 +1,)
Voltage drop in section EF =r,l,

O Total voltage drop in the distributor
= (gt tlgtl) (gl +rg(g+1) +r,l,

Itiseasy to seethat the minimum potential will occur at point Fwhichisfarthest from thefeeding
pointA.

Example 13.1. A 2-wire d.c. distributor cable AB is 2 km long and supplies loads of 100A,
150A,200A and 50A situated 500 m, 1000 m, 1600 m and 2000 m from the feeding point A. Each
conductor has a resistance of 0-01 Q per 1000 m. Calculate the p.d. at each load point if a p.d. of
300 V ismaintained at point A.

Solution. Fig. 13.6 showsthe single line diagram of the distributor with its tapped currents.

Resistance per 1000 m of distributor =2 x 0-01 = 0-02 Q

Resistance of section AC, R, = 0-02 x 500/1000 = 0-01 Q

Resistance of sectionCD, R, = 0-02 x 500/1000 = 0-01 Q

Resistance of sectionDE, R,z = 0-02 x 600/1000 = 0-012 Q

Resistance of section EB, Rz = 0-02 x 400/1000 = 0-008 Q

Referring to Fig. 13.6, the currentsin the various sections of the distributor are :

lgg=50A; Ipe =50+ 200=250 A

lcp =250 + 150 = 400 A i lac =400+ 100 =500 A




314 Principles of Power System

A 500A C 400A D 250A E 50A B

Va =300V 100 A 150 A 200A  50A
Fig. 13.6
P.D. at load point C, V. = Voltageat A - Voltagedropin AC
= Va~lacRac
= 300-500 x 0-01 =295V
PD. at load point D, Vp = Ve—lep Rep
= 295-400x 0-01 =291V
PD. at load point E, Ve = Vp—Ipe Ry
= 291-250x%x0-012=288V
PD. at load point B, Vg = Ve—IlggRes

= 288 -50 x 0-008 = 287-6 V
Example13.2. A2-wired.c. distributor AB is300 metreslong. Itisfed at point A. Thevarious
loads and their positions are given below :

At point distancefrom concentrated load
Ainmetres in amperes
@ 40 30
D 100 40
E 150 100
F 250 50

If the maximum permissible voltage drop is hot to exceed 10 V, find the cross-sectional area of
the distributor. Takep = 1.78 x 10 Qm.

Solution. The single line diagram of the distributor along with its tapped currentsis shown in
Fig. 13.7. Suppose that resistance of 100 m length of the distributor isr ohms. Then resistance of
various sections of the distributor is:

Ryc=04rQ ; Rp=06rQ ; Rye=05rQ ; Re=rQ

A 220AC 190A D 150A E 50 A F B

30A 40 A 100 A 50 A
Fig. 13.7
Referring to Fig. 13.7, the currentsin the various sections of the distributor are :
Ip\c=220A ; 15 =190A ; I,=150A ; I-=50A
Tota voltage drop over the distributor
= lac Rac* lco Rop +1pe Roe * e Rer
220 x 0-4r + 190 x 0-6r + 150 x 0-5r + 50 x r
327 r
Asthe maximum permissible drop in the distributor is 10 V,
O 10 = 327r
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= = — g

or r = 10/327 = 0-03058 Q
, _*pl _178x10° x100 _ 6 2 5
X-sectional area of conductor = /2. 003088 - 1164 x 10 "m” =1-164 cm
2

Example13.3. Twotramcars(A & B) 2 kmand 6 kmaway from a sub-station return 40 A and
20 A respectively to therails. The sub-station voltageis600 V d.c. Theresistance of trolley wireis
0-25 Q/km and that of track is 0-03 Q/km. Calculate the voltage across each tram car.

Solution. Thetram car operates on d.c. supply. The positive wireis placed overhead while the
rail track acts asthe negative wire. Fig. 13.8 showsthe single line diagram of the arrangement.

|<—2km —>|<74km 41

600V 60 A 20 A
Sub-station A » B
S
40 A 20 A
Fig. 13.8

Resistance of trolley wire and track/km
025+003=028Q
40+20=60A

20A
60x028x2=336V
20 x 028 x 4 =224V

Currentinsection SA
Currentin section AB
Voltagedrop in section SA
Voltagedrop in section AB

O Voltage acrosstram A 600 — 33:6 = 566-4 V
Voltage acrosstram B 566-4 — 224 =544V

Example 13.4. The load distribution on a two-wire d.c. distributor is shown in Fig. 13.9. The
cross-sectional area of each conductor is0-27 cm’. Theend Aissupplied at 250 V. Resistivity of the
wireisp = 1.78 u Q cm. Calculate (i) the current in each section of the conductor (ii) the two-core
resistance of each section (iii) the voltage at each tapping point.

A 75 m B 100 m 50 m

/250v

» O

>tE—90

12A 15

Fig. 13.9
Solution.
(i) Currentsinthe various sections are:
SectionCD, I, = 20A ; sectionBC, I5 =20+ 15=35A
SectionAB, I, = 20+ 15+12=47A
(if) Single-core resistance of the section of 100 m length
100 x 100

= ploy 6, 100x100 _
= P =178x10°x = == =0066Q

* Note that resistance of each conductor of | = 100 misr/2.




316 Principles of Power System

The resistances of the various sections are :
Ry = 0066 x 0-75x2=0:099 Q ; Ry = 0066 x 2=0-132Q
Rp = 0:066 x 0:5x 2 =0:066 Q
(i) Voltage at tapping point B is
Vg = V,—lag Rag=250-47x 0099 = 245-35V
Voltage at tapping point Cis
Ve = Vg —lgc Ry =245-35-35x 0-132 = 240-73 V
Voltage at tapping point D is
Vp = Vo= lep Rep = 240-73 — 20 x 0-066 = 239:41 V

TUTORIAL PROBLEMS
1. What should be the minimum cross-sectional area of each conductor in atwo-core cable 100 m long to
limit thetotal voltage drop to 4% of the declared voltage of 250V when the conductors carry 60A ? The
resistivity of the conductor is 2:845 uQ cm. [0-34 cm?]
2. A 2-wired.c. distributor, 500 mlong isfed at one of itsends. The cross-sectional area of each conductor
is 3-4 cm?” and the resistivity of copper is 1.7 uQcm. The distributor supplies 200 A at a distance of
300m from the feeding point and 100 A at the terminus. Calculate the voltage at the feeding end if the

voltage at the terminusisto be 230 V. [241V]
3. A 2-wired.c. distributor AB 500 metres long isfed from point A and isloaded as under :

Distance from feeding point A (in metres) 100 300 400 500

Load (amperes) 20 40 40 50

I the specific resistance of copper is 1.7 x 10™° Qm, what must be the cross-section of each wirein order

that the voltage drop in the distributor shall not exceed 10 volts ? [1:734 cm?]

4. A 2-wired.c. distributor is250 m long. Itisto beloaded asshownin Fig 13.10 at 50 mintervals. If the
maximum voltage drop is not to exceed 10V and the resistivity of core material is0-7 x 2:-54 pQ cm,

determine the maximum cross-sectional area of each conductor. [1-602 cm?]
Supply
End —>
120 A 90 A 60 A 50 A 80 A
Fig. 13.10

13.4 Uniformly Loaded Distributor Fed at One End

Fig 13.11 shows the single line diagram of a2-wire d.c. distributor AB fed at one end A and loaded
uniformly with i amperes per metre length. It means that at every 1 m length of the distributor, the
load tapped isi amperes. Let| metres be the length of the distributor and r ohm be the resistance per
metre run.

AT T e B
i i i i
Fig. 13.11 Fig. 13.12

Consider apoint C on the distributor at a distance x metresfrom the feeding point A asshownin
Fig. 13.12. Then current at point Cis

= il -ixamperes=i (I — x) amperes




D.C. Distribution 317

Now, consider a small length dx near point C. Itsresistanceisr dx and the voltage drop over
length dxis

dv = i(l-x)rdx=ir (I —x)dx
Total voltage drop in the distributor upto point Cis

v = jira-x)dx:ir(lx-x_;j

0
Thevoltage drop upto point B (i.e. over the whole distributor) can be obtained by putting x=11in
the above expression.

0 Voltage drop over the distributor AB

ofie-t)

$irlP=1GN(r

IR

where il I, the total current entering at point A
rl = R thetotal resistance of the distributor

Thus, in a uniformly loaded distributor fed at one end, the total voltage drop is equal to that
produced by the whole of the load assumed to be concentrated at the middle point.

Example 13.5. A 2-wire d.c. distributor 200 metres long is uniformly loaded with 2A/metre.
Resistance of singlewire is 0-3 Q/km. If the distributor isfed at one end, calculate :

(i) thevoltage drop upto a distance of 150 m from the feeding point
(if) the maximum voltage drop
Solution.
Current loading, i = 2A/m
Resistance of distributor per metre run,
r = 2x0-3/1000 = 0-0006 Q
Length of distributor, | = 200m
(i) Voltage drop upto a distance x metres from feeding point

2
=ir (| X - %) [See Art. 13-4]
Here, X = 150m
0 Desredvoltagedrop = 2 x 0-0006 (200 X150 — wj =225V

(if) Total current entering the distributor,
I = ix]1=2x200=400A
Total resistance of the distributor,
R = r x1=0:0006 x 200=0-12Q
[0 Total drop over the distributor
1 1

= ElR:E x400x0-12=24V

Example 13.6. A uniform 2-wire d.c. distributor 500 metres long is loaded with 0.4 ampere/
metre and is fed at one end. If the maximum permissible voltage drop is not to exceed 10V, find the
cross-sectional area of the distributor conductor. Take p= 1.7 x 10° Q cm.
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Solution.

Current entering the distributor, I = ix|1=04x500=200A

Max. permissible voltage drop =10V

Let r ohm be the resistance per metre length of the distributor (both wires).

Max. voltage drop = 3 IR

or 10 =231rl [ R=rl]
2x10 _ 2x10 _3

or Y —200x500:0-2><10 Q

O Areaof cross-section of the distributor conductor is
pl 17 x107° x100° x2
&% v27 omx107
Example13.7. A250m, 2-wired.c. distributor fed fromone end isloaded uniformly at therate

of 1.6 A/metre. Theresistance of each conductor is0-0002 Q per metre. Find the voltage necessary
at feed point to maintain 250 V (i) at the far end (ii) at the mid-point of the distributor.

Solution.

Current loading, i

Current entering the distributor, I

Resistance of the distributor per metre run

r = 2x0-0002=0:0004 Q
Total resistance of distributor, R = rx[=00004%x250=01Q
(i) Voltage drop over the entire distributor
1

-1 521 1=
=5 IR—2><400><01—20V

O Voltageat feedingpoint = 250+20=270V
(if) Voltage drop upto adistance of x metres from feeding point

i)

Herex = 1/2=250/2=125m

=1.7cm?

1.6A/m
i x1=16x%250=400A

(125)°

O Voltagedrop = 1.6 x 0-0004 [250 x125 - ] —15V

O Voltageat feedingpoint = 250+ 15=265V

Example 13.8. Derive an expression for the power lossin a uniformly loaded distributor fed at
one end. le 1 N

Solution. Fig. 13.13 showsthe single line diagram of a ! !

(03
. . . As
2-wire d.c. distributor AB fed at end A and loaded uniformly /(
with i amperes per metre length. X drfe—

Let | = length of the distributor in metres Fig. 13.13
r = resistance of distributor (both conductors) per metre run

Consider a small length dx of the distributor at point C at a distance x from the feeding end A.
The small length dx will carry current which is tapped in the length CB.

O Currentindx = il—-ix=i(l-X)

B

*  Because we have assumed that r ohm is the resistance of 1m (= 100 cm) length of the distributor.
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(current in length dx)2 x Resistance of length dx
i (I = %)% x r dx
Total power loss P in the whole distri butor is

Power lossin length dx

P = J[I —x] rdx = J ( +X —2|X)rdx
| I
:|2rj + X —2deX—|r{I2x+X—33—L;2}
0 0
= |:|3+—— i|:i2>(£
3
_ i?r3
a P = 3

Example 13.9. Calculate the voltage at a distance of 200 m of a 300 m long distributor uni-
formly loaded at therate of 0.75 A per metre. Thedistributor isfed at oneend at 250 V. Theresistance
of the distributor (go and return) per metreis 0-00018 Q. Also find the power loss in the distributor.

Solution.

Voltage drop at a distance x from supply end

Herei =0-75A/m; | =300 m ; x =200 m; r = 0-00018 Q/m

(200)

5 }=5.4V

O Voltagedrop = 0-75 x 0-00018 {300 x 200 -

Voltage at a distance of 200 m from supply end
= 250-54=2446V
Power lossin the distributor is
2r1® _ (0075)* x 00018 x (300)°

i — —_
P=—% = 3 =911:25 W

TUTORIAL PROBLEMS

1. A 2-wired.c. distributor 500 m long isloaded uniformly at the rate of 0-4A/m. If the voltage drop in the
distributor is not to exceed 5V, calculate the area of X-section of each conductor required when the
distributor is fed at one end. Take resistivity of conductor material as1.7 x 10 °Qm.  [3-4cm?]

2. A uniformly distributed load on a distributor of length 500 m is rated at 1 A per metre length. The
distributor is fed from one end at 220V. Determine the voltage drop at a distance of 400 m from the
feeding point. Assume aloop resistance of 2 x 10°0Q per metre. [2.4V]

3. A 250m, 2-wired.c. distributor fed from one end isloaded uniformly at the rate of 0-8 A per metre. The
resistance of each conductor is0-0002 Q per metre. Find the necessary voltage at the feeding point to
maintain 250 V at the far end of the distributor. [260 V]

13.5 Distributor Fed at Both Ends — Concentrated Loading

Whenever possible, it is desirable that along distributor should be fed at both endsinstead of at one
end only, sincetotal voltage drop can be considerably reduced without increasing the cross-section of
the conductor. The two ends of the distributor may be supplied with (i) equal voltages (ii) unequal
voltages.
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(i) Two endsfed with equal voltages. Consider a distributor AB fed at both ends with equal
voltages V volts and having concentrated loads 1, I, 15, 1,and I, at pointsC, D, E, Fand G
respectively asshown in Fig. 13.14. Aswe move away from one of the feeding points, say
A, p.d. goes on decreasing till it reaches the minimum value at some load point, say E, and
then again startsrising and becomes V volts as we reach the other feeding point B.

A C D E F G B
|

Fig. 13.14

All the currents tapped off between points A and E (minimum p.d. point) will be supplied from
thefeeding point A whilethose tapped off between B and E will be supplied from thefeeding point B.
The current tapped off at point E itself will be partly supplied from A and partly from B. If these
currentsare x and y respectively, then,

I3 = x+y
Therefore, we arrive at a very important conclusion that at the point of minimum potential,
current comes from both ends of the distributor.

Point of minimum potential. It is generally desired to locate the point of minimum potential.
Thereisasimple method for it. Consider adistributor AB having three concentrated loads |, 1, and
I at points C, D and E respectively. Suppose that current supplied by feeding end A isl,. Then
current distribution in the various sections of the distributor can be worked out asshownin Fig. 13.15
(i). Thus

e = =1, -1,

ac = la; lep

e = o=l 1y leg = o= 11113
A C D E B A C D E B
Ia
v Il IZ I3 v v Il I2 I3 v
(@) (i)
Fig. 13.15

Voltage drop between A and B = Voltage drop over AB

or V-V = IaRc+(a=1)Rep+(Ia =11 = 1) Rog+ (Ia =11~ 15~ 13) Reg

From this equation, theunknown | , can be calculated asthe values of other quantities are gener-
aly given. Suppose actual directions of currents in the various sections of the distributor are indi-

cated asshownin Fig. 13.15 (ii). Theload point wherethe currents are coming from both sides of the
distributor isthe point of minimum potential i.e. point E in this case

(if) Twoendsfed with unequal voltages. Fig. 13.16 shows the distributor A B fed with unequal
voltages; end A being fed at V, voltsand end B at V,, volts. The point of minimum potential
can be found by following the same procedure as discussed above. Thusin this case,

Voltage drop between A and B = Voltagedrop over AB
or V,-V, = Voltagedropover AB
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— =

2 v,

Fig. 13.16

Example 13.10. A 2-wire d.c. street mains AB, 600 m long is fed from both ends at 220 V.
Loadsof 20 A, 40 A, 50 A and 30 A aretapped at distances of 100m, 250m, 400mand 500 mfromthe
end A respectively. If the area of X-section of distributor conductor is 1en, find the minimum
consumer voltage. Takep =17 x 10 ° Q cm.

Solution. Fig. 13.17 shows the distributor with its tapped currents. Let |, amperes be the
current supplied from the feeding end A. Then currentsin the various sections of the distributor are
as shownin Fig. 13.17.

A

I, C I,-20 D 1,-60 E 1,-110 F 1,-140 B

20A 40 A 50 A 30A

Fig. 13.17
Resistance of 1 m length of distributor

L 1T x 107 x100

=34x10%Q
1 3 0

=2

Resistance of sectionAC, R, = (34 x 10'4) x100=0-034 Q

Resistance of section CD, R, =
Resistance of section DE, R, =

Resistance of section EF, R,
Resistance of section FB, R-g

(34 x 107% x 150 = 0-051 Q
(34 x 107% x 150 = 0-051 Q
= (34x10 % x 100 = 0034 Q
= (34x10 % x 100 = 0034 Q

Voltageat B = Voltageat A — Drop over lengthAB

or Vg = V= [ly Rya+ (I, = 20) Ry + (1, — 60) Ry
+ (I, — 110) Ree + (I, — 140) Re]
or 220 = 220-[0:0341, + 0051 (I, — 20) + 0-051 (I , - 60)

+0-034 (1, — 110) + 0-034 (1, — 140)]
= 220-[0-2041, — 12:58]

or 0-2041, = 12.58

O I, = 12:58/0:204 =617 A

The *actual distribution of currents in the various sections of the distributor is shown in Fig.
13.18. Itisclear that currents are coming to load point E from both sidesi.e. from point D and point
F. Hence, E isthe point of minimum potential.

00  Minimum consumer voltage,

VE = VA - [IAC RAC+ ICD RCD + IDE RDE]
* Knowing the value of 1, current in any section can be determined. Thus,
Currentin section CD, I, = 1,-20=61.7-20=417A fromCtoD

Current in section EF, I = 1, -110=61-7-110=-48-3AfromEtoF
= 483AfromFtoE
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20A 40A 50 A 30 A

Fig. 13.18

220 - [61-7 x 0-034 + 417 x 0-051 + 1.7 x 0-051]
220 - 4-31=21569 V

Example 13.11. A 2-wire d.c. distributor AB is fed from both ends. At feeding point A, the
voltageismaintained asat 230 V and at B 235 V. Thetotal length of the distributor is200 metresand
loads are tapped off as under :

25 A at 50 metresfromA ; 50 Aat 75 metresfrom A
30 A at 100 metresfrom A ;40 Aat 150 metresfromA

The resistance per kilometre of one conductor is0-3 Q. Calculate:
(i) currentsin various sections of the distributor

(if) minimum voltage and the point at which it occurs

Solution. Fig. 13.19 showsthe distributor with itstapped currents. Let |, anperesbethe current
supplied from the feeding point A. Then currents in the various sections of the distributor are as
shownin Fig 13.19.

A L, C I,-25 D I,-75 E I,— 105 F I,— 145 B

230V 235V
25A 50 A 30A 40 A
Fig. 13.19
Resistance of 1000 m length of distributor (both wires)
= 2x03=06Q

Resistance of section AC, R, = 0-6 x 50/1000 = 0-03 Q
Resistance of section CD, R, = 0-6 x 25/1000 = 0-015 Q
Resistance of section DE, Ry = 0-6 x 25/1000 = 0-015 Q
Resistance of section EF, Rz = 0-6 x 50/1000 = 0-03 Q
Resistance of section FB, R; = 0-6 x 50/1000 = 0-03 Q
Voltageat B = Voltageat A —Drop over AB

or Vo = Vu—[l4 Rya+ (4~ 25) Rep + (1, — 75) Roe
+(1, —105) Rg + (1, — 145) Re]
or 235 = 230 -[0:031, +0-015 (I, — 25) + 0-015 (I, - 75)
+003 (I, - 105) + 0-03 (I, - 145)]
or 235 = 230-[0121, - 9]
O l, = % =3334A

(i O CurrentinsectionAC, I, = 1,=33-34A
CurrentinsectionCD, |, = 1,-25=33-34-25=834A
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= = — g

Currentinsection DE, I,z = 1, -75=33-34-75=-41.66 AfromD to E

= 41-66 AfromEtoD

Currentinsection EF, |- = 1, —105=33-34-105=-71-66 A fromEto F
= 7166 AfromFtoE

Current insection FB, Iz = 1, —145=33-34-145=-111-66 A fromF to B
= 11166 AfromBtoF

(if) Theactual distribution of currentsin the various sections of the distributor is shownin Fig.
13.20. The currents are coming to load point D from both sides of the distributor. There-
fore, load point D isthe point of minimum potential.

A C D E F B
8.34 A| 4166 A 111-66 A

o 235V
25A 50A 30A 40 A
Fig. 13.20
Voltageat D,V = V, —[lac Rac*1ep Repl

230 - [33:34 x 0-03 + 8:34 x 0-015]

230 - 1125 = 228875V

Example 13.12. Atwo-wire d.c. distributor AB, 600 metreslong isloaded as under :
Distance from A (metres) : 150 300 350 450

Loadsin Amperes: 100 200 250 300

The feeding point A is maintained at 440 V and that of B at 430 V. If each conductor has a
resistance of 0-01 Q per 100 metres, calculate :

(i) thecurrentssupplied fromAto B, (ii) the power dissipated in the distributor.

Solution. Fig. 13.21 showsthe distributor with itstapped currents. Let 1, amperesbethe current
supplied from the feeding point A. Then currents in the various sections of the distributor are as
showninFig.13.21.

A Iy C  1a-100 5 1,-800E I1,-550 F 1,-850 g

440V 430V
100A 200A 250A 300A
Fig. 13.21
Resistance of 100 m length of distributor (both wires)
= 2x001=0-02Q

Resistance of section AC,R, = 0:02 x 150/100 = 0-03 Q

Resistance of sectionCD, R, = 0-02 x 150/100 = 0-03 Q

Resistance of sectionDE, Ry = 0-02 x 50/100 = 0-01 Q

Resistance of section EF, Rz = 0-02 x 100/100 = 0-02 Q

Resistance of section FB, R; = 0:02 x 150/100 = 0-03 Q

Voltageat B = Voltageat A — Dropover AB
or Vg = V—[lg Ryc+ (I, —100) Rp + (I, —300) Ry
+ (I, —550) R + (1, — 850) R
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or 430 = 440-[0-031, +0-03 (I, — 100) + 001 (I , — 300)
+0:02 (I, — 550) + 0-03 (I , — 850)]

or 430 = 440-[0-121, - 42.5]
48215 - 430
O = —omp  =4375A

Theactual distribution of currentsin the various sections of the distributor isshownin Fig.13.22.
Incidentally, E isthe point of minimum potential.

(i) Referringto Fig. 13.22, itisclear that
A C D E F B

100A 200A 250A 300A
Fig. 13.22
Current supplied fromend A, 1, = 437-5A
Current supplied fromend B, I; = 4125A

(if) Power lossin the distributor
= I5c Rac + 180 Rep * b Roe + 1 Ree +176Rep
= (437-5)?x 003 + (337-5)? x 0-03 + (137-5)? x 0-01 + (112:5)° x 0-02 + (412-5)? x 0-03
= 5742 + 3417 + 189 + 253 + 5104 = 14,705 watts = 14-705 kW
Example 13.13. An electric train runs between two sub-stations 6 km apart maintained at
voltages 600 V and 590 V respectively and draws a constant current of 300 A whilein motion. The
track resistance of go and return path is 0-04 Q/km. Calculate :
(i) the point along the track where minimum potential occurs
(if) the current supplied by the two sub-stations when the train is at the point of minimum
potential
Solution. Thesinglelinediagramisshownin Fig. 13.23 where substation A isat 600 V and sub-
station B at 590 V. Suppose that minimum potential occurs at point M at a distance x km from the
substation A. Let |, amperes be the current supplied by the sub-station A. Then current supplied by
sub-station B is 300 — |, asshownin Fig 13.23.

A Ip M 300 - I, B
600 V v 590 V
300A
Fig. 13.23
Resistance of track (go and return path) per km
= 004Q

Track resistancefor sectionAM, Ry, = 004xQ
Track resistancefor sectionMB, R,,; = 0-04 (6 -x)Q

Potential at M, V), = Vo—ls Ray - (1)
Also, Potential at M, V), = Vg—(300-1,) Ryg (1))

From equations (i) and (ii), we get,
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-

Va=laRaw = Vg=(300-1,)Ryg

or 600-0-04x1, = 590-(300-1,) x 004 (6 -X)

or 600-0-04x1, = 590-0-04(1800-300Xx =61, +1, xX)
or 600-004x1, = 590-72+12x+0-241, —0-04xl,

or 0241, = 82-12x

or I, = 341.7-50x

Substituting the value of 1, ineq. (i), we get,
Vy = V,—(341.7-50x) x 0-04 x

O V,, = 600-137x+2x° ..(iii)
(i) ForV,,tobeminimum, its differential coefficient w.r.t. x must be zeroi.e.
& (600 - 13-7x+2x%) = 0
or 0-137+4x = 0
0 X = 13.7/4 = 3425 km

i.e. minimum potential occurs at adistance of 3-425 km from the sub-station A.
(i) O Current supplied by sub-station A

= 341.7-50x 3-425=341.7 - 171.25 = 17045 A
Current supplied by sub-station B = 300-1, =300-170-45=129-55 A

TUTORIAL PROBLEMS

1. A2-wired.c. distributor ABisfed at both ends at the same voltage of 230 V. Thelength of the
distributor is 500 metres and the loads are tapped off from the end A as shown below :
Load : 100 A 60 A 40 A 100 A
Distance : 50 m 150 m 250m 400 m
If the maximum voltage drop of 5-5V isto be allowed, find the X-sectional area of each conductor and
point of minimum potential. Specific resistance of conductor material may be taken as 1-73 x 10°Qm.
[1-06 cm? ; 250 m from Al
2. Ad.c.distributor ABisfed at both ends. At feeding point A, the voltageis maintained at 235V and at B
at 236 V. Thetotal length of the distributor is 200 metres and |oads are tapped off as under :
20 A a 50 mfrom A
40 A a 75 m from A

25 A at 100 m from A

30 A at 150 m from A
The resistance per kilometre of one conductor is0-4 Q. Calculate the minimum voltage and the point at
which it occurs. [232.175V ; 75 m from point A]

3. A two conductor main AB, 500 min length isfed from both ends at 250 volts. Loadsof 50 A, 60 A, 40
A and 30 A aretapped at distance of 100 m, 250 m, 350 m and 400 m from end A respectively. If the X-
section of conductor be 1 cm? and specific resistance of the material of the conductor is 1.7 u Q cm,
determine the minimum consumer voltage. [245.-07 V]

13.6 Uniformly Loaded Distributor Fed at Both Ends

We shall now determine the voltage drop in a uniformly loaded distributor fed at both ends. There
can betwo casesvi z. thedistributor fed at both endswith (i) equal voltages(ii) unequal voltages. The

two cases shall be discussed separately.
(i) Didributor fed at both ends with equal voltages. Consider a distributor AB of length |
metres, having resistance r ohms per metre run and with uniform loading of i amperes per
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metrerun asshownin Fig. 13.24. Let the distributor befed at the feeding points A and B at
equal voltages, say V valts. Thetotal current suppliedtothedistributorisil. Asthetwoend
voltages are equal, therefore, current supplied from each feeding pointisi 1/21i.e.

Current supplied from each feeding point

il

2

A A

l N
X N dx|<— '|

Fig. 13.24

Consider apoint C at adistance x metres from the feeding point A. Then current at point Cis

-1

Now, consider asmall length dx near point C. Itsresistanceis r dx and the voltage drop over

length dxis
i I— =i I_—
|(E x)rdx |r(2 x)dx
X 2
Jir(l——x)dx:ir(l—x—x—j
2 2 2
0
_ir _\2
_7(Ix x)

Obviously, the point of minimum potential will be the mid-point. Therefore, maximum voltage
drop will occur at mid-point i.e. where x =1/2.

dv

0 Voltage drop upto point C

ir
0 Max. voltage drop = 7(| X—Xz)
Sl 1® [Putting x = 1/2]
2 2 4
1. ., 1. 1
= Zirl“==(@hH(rH==IR
T3 glihr)=2 o
where il = 1,thetotal current fed to the distributor from both ends

r| = R, thetotal resistance of the distributor

Minimumvoltage = V - %2 volts

(i)  Distributor fed at both endswith unequal voltages. Consider adistributor AB of length
| metres having resistance r ohms per metre run and with auniform loading of i amperes per
metre run as shown in Fig. 13.25. Let the distributor be fed from feeding points A and B at
voltages V, and Vg respectively.

Suppose that the point of minimum potential C issituated at adistance x metresfrom the feeding
point A. Then current supplied by the feeding point A will be *i x.

*  AsCisat minimum potential, therefore, thereisno current at this point. Consequently, current in section
AC (i.e. i X) will be the current supplied by feeding point A.
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O
i i i i i
Fig. 13.25
Asthe distance of C from feeding point B is (I — X), therefore, current fed from Bisi (I — x).
: w2
O Voltage drop in section BC = rd=x° volts
Voltage at point C, V. = V, —Drop over AC
. 2
irx .
= VA - > (I)
Also, voltage at point C, V. = Vg — Drop over BC
ir(l-x)? .
= Vg - % (1)
From equations (i) and (ii), we get,
f 2 : 2
irx ir(l-x)
Solving the equation for x, we get,
_VaVe , |
irl 2

Asall the quantities on the right hand side of the equation are known, therefore, the point on the
distributor where minimum potential occurs can be calculated.

Example 13.14. Atwo-wired.c. distributor cable 1000 metres|ong isloaded with 0-5 A/metre.
Resistance of each conductor is0-05 Q/km. Calculate the maximum voltage drop if the distributor is
fed from both ends with equal voltages of 220 V. What isthe minimum voltage and whereit occurs ?

Solution.

Current loading, = 05A/m
Resistance of distributor/m, = 2x0:05/1000=0-1x 10°Q
Length of distributor, = 1000 m

= i1=0-5x1000=500A
rl=01x10°x1000=01Q
I R_500x001
8 8

Minimum voltage will occur at the mid-point of the distributor and itsvalueis

= 220-6-25=213-75V

Example 13.15. A 2-wire d.c. distributor AB 500 metres long is fed from both ends and is
loaded uniformly at the rate of 1-0 A/metre. At feeding point A, the voltage is maintained at 255 V
and at B at 250 V. If the resistance of each conductor is0-1 Q per kilometre, determine :

(i) the minimum voltage and the point where it occurs
(i) the currents supplied from feeding points A and B

i
r
I
Total current supplied by distributor, |
Total resistance of the distributor, R

O Max. voltage drop =625V
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Solution. Fig. 13.26 showsthe single line diagram of the distributor.

Voltage at feeding point A, V, = 255V
Voltage at feeding point B, Vg = 250V
Length of distributor, | = 500m
Current loading, i = 1A/m
Resistance of distributor/m, r = 2x0-1/1000 = 0-0002 Q

(i)  Letthe minimum potential occur at apoint C distant x metres from the feeding point A. As
proved in Art. 13.6,
< = VA_—VB +|_: 255-250 4+ 500/ 2
irl 2 1x0[0002 %500
50+250=300m

i.e. minimum potential occurs at 300 m from point A.

. 2 2
ir x 1x 0[DO02 x (300
Minimum voltage, Ve = Vo~ 5 = 255 - 5 (300)
= 255-9=246V
(i) Current supplied fromA = ix=1x300=300A
Current supplied fromB = i (I —x) =1 (500 — 300) = 200 A
A|‘—X4’| le—— 450 m———»}e——350 m—|
B A B
C C
255V 250V
Fig. 13.26 Fig. 13.27

Example 13.16. A 800 metres2-wired.c. distributor AB fed from both endsis uniformly loaded
at the rate of 1.25 A/metre run. Calculate the voltage at the feeding points A and B if the minimum
potential of 220 V occurs at point C at a distance of 450 metres fromthe end A. Resistance of each
conductor is0-05 Q/km.

Solution. Fig. 13.27 showsthe single line diagram of the distributor.

Current loading, i = 1.25A/m
Resistance of distributor/m, r = 2x0-05/1000 = 0-0001 Q
Voltage at C, Ve = 220V
Length of distributor, | = 800m
Distance of point C from A, X = 450m
: 2 2
Voltage drop in section AC = ! rzx = 1250 [0(;01 x (450) =1265V

O Voltage at feeding point A, V, = 220+12:65=23265V

o ir(l-x)7° _1025x 00001 x (800 - 450)°
Voltage drop in section BC = 5 = 5

= 765V
O Voltage at feeding point B, Vg = 220+ 7:65=227-65V
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Example 13.17.

(i) A uniformly loaded distributor is fed at the centre. Show that maximum voltage drop
= | RI8wherel isthetotal current fed to the distributor and R is the total resistance of the
distributor.

(if) A2-wired.c. distributor 1000 metreslongisfed at the centre and isloaded uniformly at the
rate of 1-25 A/metre. If the resistance of each conductor is 0-05 Q/km, find the maximum
voltage drop in the distributor.

Solution. (i) Fig. 13.28 showsdistributor AB fed at |<_ 1/2_,|4_ 2 _,|
centre C and uniformly loaded withi amperes/metre. Let c
| metres be the length of the distributor and r ohmsbethe
resistance per metre run. Obviously, maximum voltage
drop will occur at either end.

0O Max.voltagedrop = Voltage drop in half i : i i i !
distributor

- %(%)(r—zl):%(il)(rl)
1

:glR

where il = 1,thetota current fed to the distributor
rl = R, thetotal resistance of the distributor
(if) Total current fed to the distributor is
| = il=125x1000=1250A
Total resistance of the distributor is
R=rl=2x005%x1=01Q

Fig. 13.28

Max. voltage drop = %I R:%X1250><OEI]:15.62V

Example 13.18. Derive an expression for the power lossin a uniformly loaded distributor fed
at both ends with equal voltages.

Solution. Consider adistributor AB of length | metres, having resistance r ohms per metre run
with uniform loading of i amperes per metre run as shown in Fig.13.29. Let the distributor be fed at
the feeding points A and B at equal voltages, say V volts. Thetotal current supplied by the distributor
isil. Asthetwo end voltages are equal, therefore, current supplied from each feeding point isi /2.

Current supplied from each feeding point = i

2
||< X P dx I-x =i
o
A L B
P
Vv Vv
i i i i i i i
Fig. 13.29

Consider a small length dx of the distributor at point P which is at a distance x from the
feeding end A.

Resistance of lengthdx = r dx
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. il )
Current in length dx 5 |x—|(2 X

Power lossin length dx = (currentin dx)2 x Resistance of dx

2
2—x)] x rdx

I
—
I

Total power lossin the distributor is
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13.7 Distributor with Both Concentrated and Uniform Loading

There are several problemswhere adistributor has both concentrated and uniform loadings. In such
situations, thetotal drop over any section of the distributor isequal to the sum of drops dueto concen-
trated and uniform loading in that section. We shall solve afew problems by way of illustration.

Example 13.19. A 2-wired.c. distributor AB, 900 metreslongisfed at A at 400 V and loads of
50 A, 100 A and 150 A are tapped off from C, D and E which are at a distance of 200 m, 500 m and
800 mfrom point A respectively. The distributor is also loaded uniformly at the rate of 0.5 A/m. If
the resistance of distributor per metre (go and return) is 0.0001 Q, calculate voltage (i) at point B
and (ii) at point D.

Solution. This problem can be solved in
two stages. First, the drop at any point dueto A ¢ B E B
concentrated loading isfound. Tothisisadded
the voltage drop due to uniform loading.

Drops due to concentrated loads. Fig. 400V
13.30 shows only the concentrated loads
tapped off from the various points. The cur- Fig. 13.30
rentsin the various sections are :

lpc = 300A ;15=250A;1,:=150A
Dropinsection AC = I,- R, =300 x (200 x 0-0001) = 6 V
Dropinsection CD = 250 x (300 x 0-0001) =75V
DropinsectionDE = 150 x (300 x 0-0001) = 4-5V
Total dropover AB = 6+75+45=18V
Dropsdueto uniform loading

50 A 100 A 150 A

irl1? _ 005 x 000001 x (900)°

Drop over AB = > 5 =2025V
. x?
Dropover AD = ir IX—?
Here, | = 900m;x=500m

2
05 x 0-0001 (900 X 500 — @) = 1625V

O Drop over AD >
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0] Voltage at point B = V, — Drop over AB due to conc. and uniform loadings
400 - (18 + 20-25) = 361-75V
V, — Drop over AD due to conc. and uniform loadings
400 - (6 + 7-5+ 16:25) = 370-25 V

Example 13.20. Two conductors of a d.c. distributor cable AB 1000 m long have a total resis-
tanceof 0-1 Q. Theends A and B arefed at 240 V. The cableis uniformly loaded at 0-5 A per metre
length and has concentrated loads of 120 A, 60 A, 100 A and 40 A at points distant 200 m, 400 m,
700 m and 900 m respectively from the end A. Calculate (i) the point of minimum potential
(i) currents supplied from ends A and B (iii) the value of minimum potential.

Solution.

Distributor resistance per metrelength, r 0-1/1000=10"Q

Uniform current loading, i 0-5A/m

(i) Point of minimum potential. The point of minimum potential is not affected by the uni-
form loading of the distributor. Therefore, et us consider the concentrated loads first as shown in

Fig. 13.31. Supposethe current supplied by end Aisl. Then currentsin the various sectionswill be
asshowninFig. 13.31.

(i) Voltage at point D

|<—200 m—»4¢— 200 M—p¢— 300 m—p¢—200 m—p<«— 100 m—>|
240V 240V

120 A 60 A 100 A 40 A

Fig. 13.31
V,— Vg =Drop over the distributor AB
240 = 240 =lpc Rac +lcp Rep + 1pe Roe * ler Rer * Ieg Reg
or 0 =1074[I x 200 + (I — 120) 200 + (I - 180) 300 + (I - 280) 200 + (I — 320) x 100]
or 0 =10001 -166000 O | =166000/1000 =166 A

The actual distribution of currentsin the various sections of the distributor due to concentrated
loading is shown in Fig. 13.32. Itisclear from thisfigurethat D isthe point of minimum potential.
240V 240V

120 A 60 A 100 A 40 A

Fig. 13.32

(if) Thefeeding point A will supply 166 A due to concentrated loading plus 0-5 x 400 = 200 A
due to uniform loading.
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O Current supplied byA, 1, = 166 + 200 = 366 A

The feeding point B will supply acurrent of 154 A due to concentrated loading plus 0-5 x
600 = 300 A due to uniform loading.

O CurrentsuppliedbyB, Iy = 154 + 300 =454 A
(iif) Asstated above, D isthe point of minimum potential.

0 Minimum potential,\V, = V, —Dropin AD due to conc. loading — Drop in AD dueto
uniform loading

Now, DropinAD duetoconc.loading = l,c Rac + Iop Rep

= 166 x 10 x 200 + 46 x 10 x 200
332+092=424V
ir*12 0Bx107 x (400)°
Drop in AD due to uniform loading ! r2I = B 5 * ( ) =
O Vp=240-4-24-4 = 23176V
Example13.21. Ad.c. 2-wiredistributor AB is500mlong and isfed at both endsat 240 V. The

distributor is loaded as shown in Fig 13.33. The resistance of the distributor (go and return) is
0-001Q per metre. Calculate (i) the point of minimum voltage and (ii) the value of this voltage.

Solution. Let D bethe point of **minimum potential and let x be the current flowing in section
CD asshownin Fig 13.33. Then current supplied by end B will be (60 — x).

|<—100 m—>|<—150 m—>|<—50 m—>|<—200 m—b|

1A|m

AY

240V 240V

100 A 60 A

Fig. 13.33
(i) If ristheresistance of the distributor (go and return) per metre length, then,
VoltagedropinlengthAD = 1, R\« + 1y Rep
(100 +x) x 100 +x x 150 r
. I 2
Voltage drop in length BD > F (60— x) x250r
_ 1xrx(200”
- 2
Since the feeding points A and B are at the same potential,

1xr x (200

(60 - x) x250t

a (100+x) x100r +xx 150r = 5 (60—x)250r
or 100x + 10000 + 150x = 20000 + 15000 — 250x
or 500x = 25000 O x=50A

*  Drop dueto uniform loading can be determined by imagining that the distributor is cut into two at point D
so that AD can be thought as a distributor fed at one end and loaded uniformly.

** You may carry out the calculation by assuming C to be point of minimum potential. The answer will be
unaffected.
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The actual directions of currents in the various sections of the distributor are shown in Fig.
13.34. Note that currents supplied by A and B meet at D. Hence point D is the point of minimum
potential.

240V 240V

210 A

100 A 60 A
Fig. 13.34
(i) Total current = 160 + 1 x 200 = 360 A

Current suppliedby A, 1, = 100+ x=100+50=150 A
Current supplied by B, I; = 360 — 150 =210 A
Minimum potential, V= V, = l,c Rac = lep Rep
240 - 150 x (100 x 0-001) — 50 x (150 x 0-001)
240-15-75=2175V

TUTORIAL PROBLEMS

1. A 2-wired.c. distributor AB, 1000 mlong hasatotal resistance of 0-1 Q. TheendsAand B arefed at 240
V. Thedistributor isuniformly loaded at 0.5 A/metre length and has concentrated loads of 120 A, 60
A, 100 A and 40 A at points distant 200, 400, 700 and 900 m respectively from end A. Calculate:

(i) the point of minimum potential
(if) value of minimum potential
(iii) current fed at both ends [(i) 400 m from A (ii) 23176 V (iii) 1, =366 A ; | = 454 A]
2. A 2-wired.c. distributor AB is 300 metres long. The end Aisfed at 205V and end B at 200 V. The
distributor is uniformly loaded at 0-15 A/metre length and has concentrated loads of 50 A, 60 A and

40 A at points distant 75, 175, 225 m respectively from the end A. The resistance of each conductor
is0-15 Q per kilometre. Calculate:

(i) the point of minimum potential
(ii) currentsfed at ends A and B [(i)) 175 mfrom A (ii) 1, =150 A ; Ig =45 A]

3. Ad.c. 2-wiredistributor AB is450 m long and isfed at both ends at 250 V. The distributor isloaded as
shown in Fig. 13.35. Theresistance of each conductor is0-05 Q per km. Find the point of minimum
potential and its potential. [261-74 m from A ; 247-35 V]

250V 250V

£ 1.5A|m
C D
] ]

oy ' B
le—60 m——>f¢— 40 m—ple——100 m—ple——250 m—

Fig. 13.35

13.8 Ring Distributor

A distributor arranged to form aclosed loop and fed at one or more pointsiscalled aring distributor.
Such adistributor startsfrom one point, makes aloop through the areato be served, and returnsto the
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original point. For the purpose of calculating voltage distribution, the distributor can be considered
as consisting of a series of open distributors fed at both ends. The principal advantage of ring dis-
tributor is that by proper choice in the number of feeding points, great economy in copper can be
affected.

The most simple case of aring distributor is the one having only one feeding point as shown in
Fig. 13.36(ii). Here A isthe feeding point and tappings are taken from points B and C. For the
purpose of calculations, it isequivalent to astraight distributor fed at both ends with equal voltages.

Example 13.22. A 2-wire d.c. ring distributor is 300 mlong and isfed at 240 V at point A. At
point B, 150 mfrom A, a load of 120 A istaken and at C, 100 min the opposite direction, a load of
80 Aistaken. If the resistance per 100 m of single conductor is0-03 Q, find :

(i) current in each section of distributor
(if) voltage at points B and C
Solution.
Resistance per 100 m of distributor
2x0:03=006Q
0-06 x 150/100 = 0-09 Q

Resistance of section AB, R,
Resistance of section BC, Ry = 0-06 x 50/100 = 0-03 Q
Resistance of section CA, R, = 0-06 x 100/100 = 0-06 Q

(i) Let us suppose that a current 1, flows in section AB of the distributor. Then currents in
sections BC and CA will be (I, — 120) and (I , — 200) respectively asshowninFig. 13.36 (i).

According to Kirchhoff’s voltage law, the voltage drop in the closed loop ABCAiszeroi.e.
lag Rag * lac Rec *lcaRea = 0

or 0091, +0:03 (I, - 120) + 0:06 (I, ~ 200) = 0O
or 0181, = 15:6
O I, = 15:6/0-18 = 86:67 A

Theactual distribution of currentsisasshowninFig. 13.36 (i) fromwhereitisseenthat Bisthe
point of minimum potential.

86-67 A

113-33 A

80 A 80 A

Fig. 13.36 @)
Currentinsection AB, 1,5 = 1, =86:67 A fromAtoB

Currentinsection BC, Ig. = 1, - 120=8667 - 120=-33-33 A
33.33AfromCtoB

Currentinsection CA, I, = 1, —200=86:67 -200=-113-33A

113 -33A fromAto C

(i) Voltageat point B, Vg = V, =g Ryg = 240 - 8667 x 0-09 = 232:2 V
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Voltage at point C, Vo = Vg + lg- Ry
= 232:2+33:33x0:03=2332V
Example 13.23. A 2-wire d.c. distributor ABCDEA in the form of aring main is fed at point A
at 220 V and is loaded as under :
10AatB; 20Aat C; 30AatD and 10 Aat E.

The resistances of various sections (go and return) are: AB=0-1Q ; BC=0-05Q ; CD = 0-01
Q ; DE= 0-025 Q and EA = 0-075 Q. Determine:

(i) the point of minimum potential
(if) current in each section of distributor

Solution. Fig. 13.37 (i) showsthe ring main distributor. Let us suppose that current | flowsin
section AB of thedistributor. Then currentsin thevarious sectionsof thedistributor areasshownin Fig.
13.37 (i).

10 A

20A

30A
(i)

Fig. 13.37

(i) According to Kirchhoff’s voltage law, the voltage drop in the closed loop ABCDEA is zeroi.e.
IAB RAB + IBC RBC + ICD RCD + IDE RDE + IEA REA: 0
or 0-11 + 0-05 (I = 10) + 0-01 (1 — 30) + 0-025 (I — 60) + 0-075 (1 = 70) =0
or 0261 = 755
O | = 7-55/0:26 = 29-04 A
Theactual distribution of currentsisasshowninFig. 13.37 (ii) from whereit isclear that Cisthe
point of minimum potential.
O Cisthepoint of minimum potential.
(i) Currentinsection AB = | =29.04 A fromAto B
Current insectionBC = | —10=29-04 - 10 =19-04 A fromBto C
CurrentinsectionCD = 1-30=2904-30=-096 A =096 A fromDtoC
Current insectionDE = | —60=29-04 -60=-30-96 A = 30-96 A fromE to D
CurrentinsectionEA = | —70=29-04 - 70 =-40-96 A = 40-96 A fromAto E

13.9 Ring Main Distributor with Interconnector

Sometimes a ring distributor has to serve alarge area. In such a case, voltage drops in the various
sections of the distributor may become excessive. In order to reduce voltage drops in various sec-
tions, distant points of the distributor are joined through a conductor called interconnector. Fig.
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13.38 shows the ring distributor ABCDEA. The points B and D of the ring distributor are joined
through an interconnector BD. There are several methods for solving such anetwork. However, the
solution of such a network can be readily obtained by applying Thevenin's theorem. The steps of
procedure are

4

(i)
Fig. 13.38 Fig. 13.39
(i) Consider the interconnector BD to be disconnected [See Fig. 13.39 (i)] and find the poten-
tial difference between B and D. This gives Thevenin's equivalent circuit voltage E,,
(if) Next, calculate the resistance viewed from points B and D of the network composed of
distribution linesonly. This gives Thevenin's equivalent circuit series resistance R,
(iif) If Ryp isthe resistance of the interconnector BD, then Thevenin’s equivalent circuit will be
as shown in Fig. 13.39 (ii).
_ B
R+ Rep
Therefore, current distribution in each section and the voltage of load points can be calcul ated.
Example 13.24. A d.c. ring main ABCDA is fed from point A from a 250 V supply and the
resistances (including both lead and return) of various sectionsare asfollows: AB= 002 Q ; BC=

0:018 Q ; CD = 0:025 Q and DA = 0-02 Q. The main suppliesloads of 150 Aat B ; 300 A at C and
250 A at D. Determine the voltage at each load point.

If the points A and C are linked through an interconnector of resistance 0-02 Q, determine the
new voltage at each load point.
Solution.
Without Interconnector. Fig. 13.40 (i) showsthering distributor without interconnector. Let
us suppose that a current | flows in section AB of the distributor. Then currents in various
sections of the distributor will be as shown in Fig. 13.40 (i).
250V 150 A 250V 150 A

O Current in interconnector BD =

336-75 A

363.25 A 186.75 A

250 A 250 A

Fig. 13.40
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According to Kirchhoff’s voltage law, the voltage drop in the closed loop ABCDA iszeroi.e.
lag Rag + Isc Rec+ lep Rep + 1oa Roa =0
or 0:02I +0-018 (I — 150) + 0-025 (I — 450) + 0-02 (I — 700) =0
or 00831 2795
O I 27-95/0-083 = 336:75 A
The actual distribution of currentsisas shownin Fig. 13.40 (ii).
Voltagedropin AB = 33675 x 0-02=6-735V
Voltage drop in BC = 186-75 x 0-018 = 3-:361 V
VoltagedropinCD = 113:25 x 0-025=2-831V
Voltagedropin DA = 363:25 x 0-02 = 7:265 V

0 Voltage at point B = 250 — 6-735 = 243265 V
Voltage at point C = 243-265 — 3:361 = 239:904
Voltage at point D = 239-904 + 2-831 = 242.735 V

With Interconnector. Fig. 13.41 (i) shows the ring distributor with interconnector AC. The
current in the interconnector can be found by applying Thevenin's theorem.

E, = Voltage between points Aand C
= 250 - 239-904 = 10-096 V
R, = Resistance viewed from points A and C

(002 + 0[018) (02 + 0 [025)
(0[D2 + 0[018) + (0 (02 + 0 [025)
R,c = Resistance of interconnector = 0-02 Q
Thevenin's equivalent circuit is shown in Fig. 13.41 (ii). Current in interconnector AC
_ 5 __ 100096
~ R *+Ry 0[2+002
250V 150 A

=0002Q

=252[4 A fromAtoC

Ro=0.02Q

1, - 150 Ey=10.096V < Rac=0.020

300 A

(it)

Fig. 13.41

Let us suppose that current in section AB is ;. Then current in section BC will bel, — 150. As
the voltage drop round the closed mesh ABCA is zero,
0O 0-021,+0-018(l, — 150) — 0-02 x 252-4 =0
or 0-0381, = 7-748
O I, = 7-748/0-038 = 203-15 A

The actual distribution of currentsin the ring distributor with interconnector will be as shownin

Fig. 13.42.
Dropin AB = 203:15 x 0-02 = 4-063 V
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DropinBC = 53.15 x 0-018 250V 150 A
= 0960V 203.15 A
DropinAD = 244.45x 0-02=49V
O Potential of B = 250 - 4-063
= 245.93V 244.45 A 53154
Potential of C = 245.93 - 0-96
= 24497V 555 A
. ’ 300 A
Potential of D = 250 - 4.9=245.1V -
It may be seen that with the use of interconnector, the voltage Fig. 13.42

dropsin the various sections of the distributor are reduced.

Example 13.25. Fig. 13.43 shows a ring distributor with interconnector BD. The supply is
given at point A. Theresistances of go and return conductor s of various sections are indicated in the
figure. Calculate:

10A

30 A

10A

20 A
Fig. 13.43
(i) current in the interconnector
(if) voltage drop in the interconnector

Solution. When interconnector BD isremoved, let the current in branch AB bel. Then current
distribution will be as shown in Fig. 13.44 (i). Asthetotal drop round the ring ABCDEA is zero,
10 A 10 A

20A
(i)

Fig. 13.44
0 00751+ 0025 (I - 10) + 0-01 (I — 40) + 005 (I - 60) + 0-1 (I — 70) = 0
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or 0261 = 10-65
0 - 10065 _ o6
026

The actual distribution of currents will be as shown in Fig. 13.44 (ii).
Voltage drop along BCD = 30-96 x 0-025 + 0-96 x 0-01
= 0-774 + 0-0096 = 0-7836

Thisis equal to Thevenin's open circuited voltage E i.e.

E, = 07836V

R, = Resistance viewed from B and D

(075 + 001 + 0[05) (0025 +0 [01)

(075 + 0 +0[05) +(0 025 +0 [01)

_ (0[225)(0[035) _
T~ 0@225+0035 01030

(i) Current in interconnector BD is

_ = _ 007836 _
B0 " Ry +Ry 0M3+005 S8A
(i) Voltage drop aong interconnector BD

= lgp Rep = 98X 0-05= 049V

TUTORIAL PROBLEMS

1. A 300 mring distributor has loads as shown in Fig. 13.45 where distances arein metres. Theresis-
tance of each conductor is0-2 W per 1000 metres and the loads are tapped off at points B, Cand D as
shown. If thedistributor isfed at A at 240V, find voltages at B, C and D.

[Vg=2369V ; V.=23597V ; V,=23745V]
240V 30 A 10 A

100 A
20 A

70 A

10 A
Fig. 13.45 Fig. 13.46

2. A d.c. 2-wirering main ABCDEA is fed
from 230V supply asshowninFig. 13.46.
Theresistance of each section (go and re-
turn) AB, BC, CD, DE and EA is0-1 W.
The loads are tapped off as shown. Find
the voltage at each load point.
[Vg =227V ;V.=225V;V,=225V;
Vg =226 V]

3. In the d.c. network shown in
Fig.13.47, A isthe feeding point and
ismaintained at 250 V. The resistances

36 A

Fig. 13.47
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of the various branches (go and return) are indicated in the figure. Determine the current in each
branch. [AB = 144A ; BC=2A ; DC=5A; AD = 13A]

13.10 3-Wire D.C. System

The great disadvantage of direct current for general power purposes lies in the fact that its voltage
cannot readily be changed, except by the use of rotating machinery, which in most casesistoo expen-
sive. The problem can be solved to a limited extent by the use of 3-wire d.c. system which makes

availabletwo voltagesviz. V voltsbetween any outer 10 A + Ve Outer
and neutral and 2V volts between the outers. Motor —> * ?
loads requiring high voltage are connected between T SA SA
the outers whereas lighting and heating loads requir- 220V
ing lessvoltage are connected between any one outer .
and the neutral. Due to the availability of two volt- S l Neutral
ages, 3-wire system is preferred over 2-wire system CD J_ 5A 5A
for d.c. distribution. - = T

Fig. 13.48 shows the general principles of a 220V
3-wired.c. system. It consistsof two outersandamiddle l
or neutral wirewhich is earthed at the generator end. e . .
The potential of the neutral wireis*half-way between 10A — Ve Outer
the potentials of the outers. Thus, if p.d. between the Fig. 13.48

outersis440V, then positive outer isat 220 V above the neutral and negative outer is220V belowthe
neutral. The current in the neutral wire will depend upon the loads applied to the two sides.

(i) If the loads applied on both sides of the neutral are equal (i.e. balanced) as shown in Fig
13.48, the current in the neutral wire will be zero. Under these conditions, the potentia of
the neutral will be exactly half-way between the potential difference of the outers.

(ii) If the load on the positive outer (1,) is greater than on the negative outer (1,,), then out of
balance current I, — 1, will flow inthe neutral wirefrom load end to supply end asshownin
Fig. 13.49 (i). Under this condition, the potential of neutral wirewill no longer be midway
between the potentials of the outers.

II

>

L

[
>

I-1 I, bl L

||||—
.||||_

y Wl

(@) (i)
Fig. 13.49

(iii) If the load on the negative outer (1) is greater than on the positive outer (I,), then out of
balance current |, — 1, will flow in the neutral from supply end to load end as shown in Fig.
13.49 (ii). Again, the neutral potential will not remain half-way between that of the outers.
(iv) Asthe neutral carries only the out of balance current which is generally small, therefore,

area of X-section of neutral istaken half as compared to either of the outers.
It may be noted that it is desirabl e that voltage between any outer and the neutral should havethe

samevalue. Thisisachieved by distributing the loads equally on both sides of the neutral.

*  For balanced loadsi.e. equal loads on both sides of the neutral wire.
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13.11 Current Distribution in 3-Wire D.C. System

Fig. 13.50 shows a 3-wire 500/250 V d.c. distributor. Typical values of loads have been assumed to
make the treatment more illustrative. The motor requiring 500 V is connected across the outers and
takesacurrent of 75 A. Other loads requiring lower voltage of 250 V are connected on both sides of
the neutral.

e 122A c 100A 75A E
T 25A
250 V I
500V
N Motor
1§O A 7§A
8- ) H ) G F

Fig. 13.50

Applying Kirchhoff’s current law, it is clear that a current of 120 A enters the positive outer
while 130 A comes out of the negative outer. Therefore, 130 — 120 = 10 A must flow in the neutral
at point N. Oncethe magnitude and direction of current in the section NJ isknown, thedirectionsand
magnitudes of currentsin the other sections of the neutral can be easily determined. For instance, the
currents meeting at point K must add up to 40 A to supply theload KH. AsseeninFig. 13.50, 20A of
CJ and 10A of NJ flow towards K, the remaining 10A coming from point L. The current of 25A of
load DL isdivided into two parts ; 10A flowing along section LK and the remaining 15 A along the
section LO to supply the load OG.

L oad-point voltages. Knowing the currentsin the various sections of the outersand neutral, the
voltage at any load point can be determined provided resistancesare known. Asanillustration, let us
calculate the voltage across load CJ of Fig.13.50. Applying Kirchhoff’s voltage law to the loop
ACJINA, we have,

[Algebraic sum of voltage drops] + [Algebraic sum of em.f.s] =0
or *[-drop in AC - voltage across CJ + drop in NJ] + [250] =0
or Voltage across CJ = 250 — drop in AC + drop in NJ
Example 13.26. Aload supplied on 3-wire d.c. system takes a current of 50 A on the +ve side
and 40 A on the negative side. The resistance of each outer wireis 0-1 Q and the cross-section of
middlewireis one-half of that of outer. If the systemis supplied at 500/250 V, find the voltage at the
load end between each outer and middie wire.
Solution. Fig. 13.51 showsthe current loading. Obviously, current inthe neutral wireis50 — 40
= 10A. Asthe X-sectional areaof neutral ishalf that of outer, therefore, itsresistance=2x 0-1=0-2Q.
Voltage at the load end on the +ve side,
Ve = 250- 1, Rag = (I = 1) Ry
= 250-50x%x0-1-(10) x 0-2=243V
Voltage at the load end on the —ve side,

*  Remember, rise in potential should be considered positive while fal in potential should be considered
negative. In section AC, current flows from A to C and hence there is fall in potential. In section JN,
obvioudly, thereisrise in potential.
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I,=50A
+ A P E
T T 010 50 A
500V 250V
l 10 A
N < L
0.2Q
T 40 A
250V
l I,=40 A
-B v < G
0.1Q
Fig. 13.51
Vie = 250+ (13- 1) Ry~ 13 Reg

250 +10x0-2-40x0-1=248V

Example 13.27. A 3-wire d.c. distribution system supplies a load of 5 Q resistance across the
+ve outer and neutral and a load of 6 Q resistance across —ve outer and neutral at the far end of the
distributor. The resistance of each conductor is0-1 Q. If the voltage between any outer and neutral
at the load end isto be kept at 240 V, find the feeding end voltages.

Solution. Fig. 13.52 shows the 3-wire distribution system.

Current on +ve outer, I, = 240/5=48A

Current on —ve outer, I, = 240/6 = 40A
Currentinneutral = 1, —1,=48-40=8A

V, 240V gq
! )
B= l <2 C
01Q
Fig. 13.52

Voltage between +ve outer and neutral at feeding end is
Vi = Ve + R+ (1 1) Ry
= 240+48x01+8x01=2456V
Voltage between —ve outer and neutral at feeding end is
Vo = Vic=(I3= 1) Ry + 15 Ree
= 240-8x01+40x01=2432V
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Example 13.28. A 3-wire 500/250 V d.c. system has a load of 35 kW between the positive lead
and the middle wire and a load of 20 kW between the negative lead and the middie wire. If thereis
a break in the middle wire, calculate the voltage between the outers and the middle wire.

Solution. Fig. 13.53 (i) shows the arrangement before the disconnection of the middlie wire.
The voltages on the two sides of themiddlewire areequal i.e. 250 V. Let R, bethe resistance of load
on the +ve side and R, be the resistance of load on the negative side.

_ (250 (250)°
' 35x10° 20 x 10°

When thereisabreak in the middle wire, two resistances R, and R, are put in series across 500 V
as shown in Fig. 13.53 (ii).

+ +

[ [

500V l 35 kW

!

250V R, Z 20 kW v,

b
<

() (ii)
Fig. 13.53

500 _ 500

O Circuit current, | = R+R = 1785+ 30125 — 101-83 A

O Voltage across +ve outer and middle wire,
V, = IR =101-83x1.785=181-8V
Voltage across —ve outer and middle wire,
V, = I R,=101-83 x 3:125=318-2V
Example 13.29. A 3-wire, 500/250 V distributor isloaded as shown in Fig. 13.54. Theresis-
tance of each section is given in ohm. Find the voltage across each load point.

=3125Q [~- R=VP]

=1785Q ; R,=

—V

A

At 0.015 c 0.01 D
T T 20 A 30A
250V
500 V
\ J 002 0014 L 0.006
0.02 'K i
24 A 36 A
250V
. v 002 0.024
- < :
Fig. 13.54

Solution. From the current loading given in Fig. 13.54, we can find the magnitudes and direc-
tions of currents in the various sections by applying Kirchhoff’s current law. Fig. 13.55 shows the
magnitudes and directions of currentsin the various sections.
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The voltage drops in the various sections are worked out below.

Section Resistance (Q) Current (A) Drop (V)
AC 0-015 50 0-75
CD 0-01 30 0-3
ML 0-006 30 0-18
KL 0-014 6 0-084
KJ 0-02 14 0-28
NJ 0-02 10 02
HG 0-024 36 0-864
GB 0-02 60 12

50 A

O
W
o

>
O

At
T 20 A 30 A

60A G 36 A H
Fig. 13.55
Voltage acrossload CK = 250 — Drop in AC — Drop in KJ + Drop in NJ
= 250-0-75-0-28 + 0-2=249-17V
Voltage acrossload DM = 249:17 - Drop in CD - Drop in ML + Drop in KL
249:17 - 0-3 - 0-18 + 0:084 = 248-774 V
250 — Dropin NJ — Dropin GB
250-02-1.2=2486V
2486 + Drop in KJ — Dropin KL — Drop in HG
= 248-6 + 0-28 — 0-084 — 0-864 = 247932V

Example 13.30. A 3-wired.c. distributor AE 600 mlong issupplied at end A at 500/250 V and
isloaded as under :

Positive side : 60A, 200 mfromA ; 40 A, 360 mfrom A

Negative side : 20A, 100 mfrom B ; 60A, 260 m from B and 15A, 600 m from B

The resistance of each outer is 0-02 Q per 100 metres and the cross-section of the neutral wire
is the same as that of the outer. Find the voltage across each load point.

Voltage across load JG

Voltage acrossload LH

At 200 m C 160m D 240m E=
T T 60 A 40 A
250 V
500 V l
N 100m J 100m | 60m L 100 m 240m P
T 20A K 60A M 15A
250V
B= ' 100m g 160m 340 '
G H i F

Fig. 13.56
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Solution. From the current loading given in Fig. 13.56, we can find the magnitudes and direc-
tions of currentsin the various sections by Kirchhoff’s current law as shown in Fig. 13.57. Asthe
neutral is of same cross-section, its resistance is 0-02 Q per 100 metres. The voltage drops in the
various sections are worked out below :

Section Resistance (Q) Current (A) Drop (V)
AC 0-02 x 200/100 = 0-04 100 4
CD 0-02 x 160/100 = 0-032 40 1.28
MP 0-02 x 240/100 = 0-048 15 072
ML 0-02 x 100/100 = 0-02 25 05
KL 0-02 x 60/100 = 0-012 35 042
KJ 0-02 x 100/100 = 0-02 25 05
IN 0-02 x 100/100 = 0-02 5 01
FH 0-02 x 340/100 = 0-068 15 1.02
HG 0-02 x 160/100 = 0-032 75 2:4
GB 0-02 x 100/100 = 0-02 95 19
At T 1_0é)A © 40A D E
T 250V

500V

Fig. 13.57
Voltage acrossCK = 250 — Drop in AC — Drop in KJ = Drop in JN
= 250-4-05-01=2454V
Voltage acrossDM = 245-4 - Dropin CD — Dropin ML + Drop in KL
= 2454-1.28 - 05+ 0-42=244-04V
250 + Dropin JN — Dropin GB
250+0-1-19=2482V
Voltage across LH = 248:2 + Drop in KJ — Drop in KL — Drop in HG
= 2482+05-042-24=24588V
Voltage across PF = 245-88 + Drop in ML — Drop in MP — Drop in FH
= 24588 + 0-5-0-72 - 1.02 = 244-64
Example 13.31. The 3-wire d.c. system supplies aload of 4 Q resistance across +ve wire and
the neutral wire and a load of 6 Q resistance across —ve outer and the neutral at the far end of the
distributor. The resistance of each conductor is0.15 Q and voltage across each outer and neutral is
240 V at the load end. Determine the load current and load voltages when there is a break in the
(i) neutral wire (ii) positive outer (iii) negative outer. Assume that the load resistances and the
feeding end voltages remain the same.

Solution. Fig. 13.58 showsthe conditions of the problem when the systemishealthy. Let usfind
the feeding end voltages.

Voltage across JG
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Current in the positive outer, |,
Current in the negative outer, 1, = 240/6=40A
Current in the neutral wire l,-1,=60-40=20A
Voltage between +ve outer and neutral at feeding point is
Vi = Ve + LR+ (13— 1) Ry,
= 240+ 60 x 0-15 + 20 x 0-15 = 252 V
Voltage between —ve outer and neutral at feeding point is
Vo = Vie= (= 1) Ry + 12 Ree
= 240-20x0-15+40x 0-15=243V

240/4 =60 A

I 150
A T > 015 T E
v, 240V e
I, -1 l
N% 1: 2  0.15Q T L
V, 240V 60
l I 0.15Q l
B < C

Fig. 13.58

(i) When neutral breaks. When thereisabreak in the neutral, the system is equivalent to 2-
wired.c. system having load resistance=4 + 6 = 10 Q and p.d. = 252 + 243 =495V at the
feeding end. If | istheload current, then,

Total circuit resistance = 10+ 0-15+0-15=10-3Q
O Load current, | = 495/10-3=48-06 A
Voltage across 4 Q resistance = | x 4=48.06 x 4=192-24V
Voltage across 6 Q resistance = | x 6 =48-06 x 6 =288-36 VV

(if) When +veouter breaks. Whenthereisabreak in the +ve outer, there will be no currentin
4 Qload. Thecircuitisagain 2-wired.c. system but now load is6 Q and p.d. at the feeding
point is 243 V.

Total circuit resistance = 6+ 0-15+0:15=6-3Q
If I" istheload current, then,

I" = 243/6-3=3857 A
Voltageacross6 Q = I' x 6=38-57x 6 =231-42V
(iif) When —ve outer breaks. When there is a break in the negative outer, there will be no

current in 6 Q load. Thecircuit isagain 2-wire d.c. system but now load is4 Q and p.d. at
the feeding point is 252 V.

Total circuit resistance
If 1" istheload current, then,

4+015+015=43Q

1" 252/4-3=58:6 A
Voltage across4 Q = 1" x4 =58.6 x 4 =234.42\/
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TUTORIAL PROBLEMS

1. Aload supplied by a3-wired.c. distribution system takesacurrent of 600 A onthe +vesideand 480 A on
the —ve side. The resistance of the outer conductor is 0-015 Q and that of the middle wire is 0-03 Q.
Determine the voltage at the load end between each outer and middle wire. Supply voltageis500/250 V.

[+veside: 2374V ; —veside: 246-4 V]

2. A 3-wired.c. distributor, 250 m long, is supplied at end P at 500/250 V and is loaded as under :
Positiveside: 20 A, 150 m from P ; 30 A, 250 m from P
Negative side: 24 A, 100 mfrom P ; 36 A, 220 m from P
Theresistance of each outer wireis0-02 Q per 100 m and the cross-section of the middle wireis one half
that of the outer. Find the voltage across each load point.

[Positiveside: 248-62V ; 247-83V ; Negative side: 2484V ; 247-65 V]

3. The3-wired.c. system suppliesaload of 4 Q resistance across the +ve wire and the neutral and aload of
6 Q resistance across —ve outer and the neutral at the far end of the distributor. The resistance of each
conductor is 0-15 Q and voltage across each outer and neutral is 240 V at the load end. Calculate the
feeding end voltage. [+veside: 252V ; —veside: 243 V]

13.12 Balancers in 3-Wire D.C. System

Although in a3-wire d.c. system every effort is made to distribute the various loads equally on both
sidesof theneutral, yet it isdifficult to achievethe exact balance. Theresult isthat some current does
flow in the neutral wire and consequently the voltages on the two sides of the neutral do not remain

equal to each other. In order to maintain voltages on the two sides of the neutral equal to each other,
abalancer setis used.

Circuit details. Fig. 13.59 showsthe use of abalancer setina3-wired.c. system. Thebalancer
consists of two identical shunt wound machines A and B coupled mechanically and having their
armature and field circuits connected in series acrossthe outers. The neutral wireisconnected to the
junction of the armatures as shown. The circuit arrangement has two obvious advantages. Firstly,
only one generator (G) isrequired which resultsin agreat saving in cost. Secondly, the balancer set
tends to equalise the voltages on the two sides of the neutral .

L
L+1 T I,
2 +
\Z
-1
b 1 2
LQ L -1 l
L1 )
— J?_ 1 > 2 I 12
IL+1, -
2 I2

Fig. 13.59

Theory. Since the speeds and field currents of the two machines are equal, their back em.f.s
have the same value. When the system is unloaded or when the loads on the two sides are the same
(i.e. balanced), no current flowsin the neutral wire. Hence, thetwo machinesrun as unloaded motors

When the load is unbalanced, the current supplied by the +ve outer will be different from that
supplied by the negative outer. Supposethat load |, on the +ve outer isgreater that theload |, on the
—-veouter. Sincethe+vesideismore heavily loaded, p.d. on thissidetendsto fall below thee.m.f. of
the balancer set. Therefore, machine A runs as a generator. On the other hand, p.d. on the lightly
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loaded —ve siderises abovethe em.f. of the balancer so that machine Brunsasamotor. Theresultis
that energy istransferred from lightly loaded side to the heavily loaded side, preventing the voltage
across heavily loaded side form dropping very much below the normal value.

For the condition shown in Fig. 13.59, the machine B acts asamotor and machine A asagenera-
tor. Theout of balance current |, — I, flows through the middle wire towards the balancers. Assum-
ing the internal losses of the two machines to be negligible, then armature currents will be equal.
Hence, one-half of the current in neutral i.e. (1, — 1,)/2 will flow through each machine as shown.

Let R, = armature resistance of each machine
*E = induced e.m.f. of each machine
V, = terminal p.d. of machine A running as a generator
V, = terminal p.d. of machine B running as a motor

0 v, = E—(%)F{d

and Vv, = E+(%)RU1

Difference of voltages between two sides
=V,-V,
- (=52 )R =34
= (,-RR

Itisclear that difference of voltages between the two sides of the system is proportional to
(i) theout-of-balance current I ,— 1,

(if) the armature resistance of balancer

Therefore, in order to keep the voltages on the two sides equal, R, is kept small and loads are
arranged on the two sides in such away that out of balance current isas small as possible.

The difference of voltages (V, — V;) on the two sides
can befurther reduced by cross-connecting the shunt fields
of the balancer set as shown in Fig. 13.60. Asthe gener-
ating machine A draws its excitation from lightly loaded
sidewhichisat ahigher voltage, therefore, induced em.f.
of the machine isincreased. On the other hand, induced @

e.m.f. of machine B isdecreased sinceit drawsits excita-
tion from the heavily loaded side. The result is that the —
difference V, — V; is decreased considerably. It may be
noted that a perfect balance cannot be obtained because
the operation of the balancer set depends upon a dlight
unbalancing of the voltages on the two sides.
Example 13.32. Ad.c. 3-wire systemwith 500 V be- Fig. 13.60
tween the outer s supplies 1500 kW on the +ve outer and 2000 kW on the negative outer. |f the losses
in the machines are negligible, calculate:
(i) currentinthe neutral wire
(i) total current supplied by main generator
(iif) current in each balancer armature
Solution. TheconnectionsareshowninFig. 13.61. Asthenegativesideismoreheavily loaded,
therefore, machine B acts as a generator and machine A as a motor.

*  Since both machines have the same excitation and run at the same speed, their induced e.m.f.swill be same.
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Load current on +ve outer,
Load current on —ve outer,

1500 x 10%/250 = 6000 A
2000 x 10%/250 = 8000 A

Ig= 7000 A I,= 6000 A
1000 A T
+
\ l 250V [:|1500 kW
* l
2000 A
- + T
()t 250V 2000 KW
1000 A ) l
7000 A ) I,= 8000 A
Fig. 13.61
() Current intheneutral = 1, -1, = 8000 — 6000 = 2000 A
(i) Total load on main generator = 1500 + 2000 = 3500 kW
0  Current supplied by main generator, I = 3500 x 10°/500 = 7000 A
(iii)

CurrentinmachineA = |5 -1, =7000 - 6000 = 1000 A
CurrentinmachineB = 1, —I5=8000 - 7000 = 1000 A
Example 13.33. Ad.c. 3-wiresystemwith 500 V between outer s haslighting |oads of 150 kW on
the positive side and 100 kW on the negative side. The loss in each balancer machine is 3 kW.
Calculate :

(i) total load on the main generator
(if) kW loading of each balancer machine

Solution. TheconnectionsareshowninFig. 13.62. Asthepositive sideismore heavily loaded,
therefore, machine A acts as a generator and machine B as a motor.

(i) Total load on the main generator
= |oad on +ve side + load on —ve side + losses
= 150+ 100 + 2 x 3 =256 kW

Ig=512A

Py
»

I,= 600 A

>

+ |
. 2 T 250V |::| 150 kW

88 A 200 A

/ J=_ 112 A ‘
+l 250V

A . 1,=400 A
Fig. 13.62

100 kW

a2
oA
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(if) Current supplied by the main generator,

IG
Load current on +ve side,
Load current on —ve side, I,
Current in neutral wire =
Current through machine A =
Current through machine B =
Load on machine A =
Load on machine B =

Iy

O

= 256 x 10°/500 = 512 A

150 x 10%250 = 600 A

100 x 10%/250 = 400 A

I, -1, =600 - 400 = 200 A
I, -15=600-512=88A
lg—1,=512-400=112 A
88 x 250/1000 = 22 KW
112 x 250/1000 = 28 kW

Example 13.34. Ina500/250 V d.c. 3-wire system, thereisa current of 1200 A on the +ve side
and 1000 A on the —ve side and a motor load of 200 kW acrossthe outers. Thelossin each balancer

machineis5 kW. Calculate:
(i) current of the main generator
(if) load on each balancer machine

Solution. TheconnectionsareshowninFig. 13.63. Asthepositive sideismore heavily loaded,
therefore, machine A acts as a generator and machine B as a motor.

Load on +ve side, P,
Load on -ve side, P, =
Load on outers, P, =

(i) Tota load onthe main generator =

Current of main generator,

= 250 x 1200/1000 = 300 kW
= 250 x 1000/1000 = 250 kW
= 200 kW

P, + P, + P; + lossin balancer machines
300 + 250 + 200 + 10 = 760 kW
760 x 10%500 = 1520 A

G
(if) Currentin neutral = 1200 - 1000 = 200 A
Current through machine A = 1600 -1520=80 A
Ig=1520A 1600 A 400 A
T v 1200 A

J?_ 120 A ‘
;
oL

200 kW

T Y 1000 A

<& <
< <

1520 A

1400 A

400 A

Fig. 13.63

Current thro’ machineB =

1520 - 1400 =120 A

Load on machineA = 80 x 250/1000 = 20 kW

Load on machineB =

120 x 250/1000 = 30 kW

Example 13.35. Ad.c. 3-wire systemwith 500 volts across outer s supplies 800 A on the positive
side and 550 A on the negative side and 1500 A acrossthe outers. Therotary balancer has each an
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armature resistance of 0-2 Q and takes5 A on no load. Find :
(i) current loading of each balancer machine
(i) the voltage across each balancer machine
(iii) total load on the main generator

Solution. TheconnectionsareshowninFig. 13.64. Asthepositive sideismore heavily loaded,
therefore, machine A acts as a generator and machine B as a motor.

Total current on +ve side = 800 + 1500 = 2300 A
Total current on —ve side = 550 + 1500 = 2050 A
Current in neutral wire = 800 - 550 =250 A

L et the current through machines Aand B be |, and | ; respectively. Then |, + | g must be equal
to current in the neutral wirei.e.

I, +1g = 250
or I, = 250-15
(i) LetV,andVgbethep.d.s. of machinesAand B respectively. SincemachineB isdrivingthe
machine A, output of B suppliesthe losses in the set plus the output of machine A i.e.

I5=2180 A 2300 A 11500 A
A ” g .
T v 800 A
+
\ 250V
4 I,=120 A 250 A
500 V <
A J=_ Ig=130 A T 7550 A
+
e 250V

2180 A 2050 A

Fig. 13.64
Output of machine A + *Lossesin the set
or Vglg = VI, +500x5+1%,R, + 1% Ry
O Vglg = V,(250—1g) +2500 + (250 — 15)°x 02+ 0217 ...(i)
Each machine has same value of back e.m.f. E sincetheir field currents and speeds are the same.
Back em.f., E 250-02x5=249V

Output of machine B

Terminal p.d. across A, V, = E-1,R,=249-0-2(250 - I)
0 Vy, = 199+0214 (i)
Terminal p.d. across B, Vg = E+ IR,

= 249+021, (1))

Substituting the values of V, and Vg in exp. (i), we get,
(249+0-215) 15 = (199+0215) (250 - I) + 2500 + (250 — 1)° x 02 + 0-2 1%,
or 24915+ 0215 = 49,750 - 19915+ 50 I — 0-2 1% + 2500 + 12,500
+021%5-10015+021%

* Lossesintheset = No load losses + Copper losses
2 2
500 x5+ 17, Ry + 15 Ry
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or 4981, = 64,750

O lg = 64750/498 = 130 A

and I, = 250-130=120A

(if) Voltage across machine A, V, = 199+021;=199+02x130=225V
Voltage across machine B, Vg = 249+0215=249+02x130=275V

(iif) Load on main generator 2300 -1, =2300 - 120 = 2180 A

TUTORIAL PROBLEMS

1. A load on 3-wired.c. system with 500 V between the outers consists of 1500 A on the positive side and
1300A on the negative side while motors connected across outers absorb 500 kW. Assuming each
balancer machine has a loss of 3-75 kW, calculate the load on the main generator and each balancer
machine. [1207-5 kW ; 21-25 kW ; 28-75 kW]

2. Ina500/250 V d.c. 3-wire system, thereis a current of 2000 A on the +ve side, 1600A on the negative
side and aload of 300 kW acrossthe outers. Thelossin each balancer setis8 kW. Calculate the current
in each armature of the balancer set and total load on the main generator.  [168A ; 232A ; 1216 kW]

3. Ina500/250 volt 3-wire d.c. system, thereis an out of balance load of 200 kW on the positive side. The
lossin each balancer set is 10 kW and the current in the negative mainis 2800A. Calculate the currentin
each armature of the balancer set and the total load on the generator. [440A ; 360A ; 1620 kW ]

13.13 Boosters

A booster isa d.c. generator whose function
isto inject or add certain voltage into a cir-
Ccuit so as to compensate the IR drop in the
feeders etc.

A booster is essentially a series d.c. gen-
erator of large current capacity and is con-
nected in serieswith the feeder whose voltage
drop is to be compensated as shown in Fig.
13.65. Itisdriven at constant speed by ashunt
motor working from the bus-bars. As the
booster is a series generator, therefore, volt-
age generated by it is directly proportional to Booster Feeder
the field current which is here the feeder cur-
rent. When the feeder current increases, the . -
voltage drop in the feeder alsoincreases. But Bus — bars Fig. 13.65
increased feeder current resultsin greater field
excitation of booster which injects higher voltageinto the feeder to compensate the voltage drop. For
exact compensation of voltage drop, the booster must be marked on the straight or linear portion of its
voltage-current characteristics.

It might be suggested to compensate the voltage drop in the feeder by overcompounding the
generatorsinstead of using abooster. Such amethod isnot practicablefor feedersof different lengths
because it will disturb the voltage of other feeders. The advantage of using a booster is that each
feeder can be regulated independently — a great advantage if the feeders are of different lengths.

Example 13.36. A 2-wire system hasthe voltage at the supply end maintained at 500 V. Theline
is3kmlong. If the full-load current is 120 A, what must be the booster voltage and output in order
that the far end voltage may also be 500 V ? Take the resistance of the cable at the working temper a-
ture as 0-5 Q/km.

»
»
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Solution.

Total resistance of line =05x3=15Q
F.L. voltage drop in theline = 15x120=180V
O Terminal voltage of booster = 180 V
_ 120 %180 _
Output of booster = 1000 kW =21.6 kW

13.14 Comparison of 3-Wire and 2-Wire D.C. Distribution

It is worthwhile to make a comparison between 3-wire and 2-wire systems for d.c. distribution. It
will be shown that there is agreat saving of conductor material if we use 3-wire system instead of 2-
wire system for d.c. distribution. For comparison, it will be assumed that :

(i) the amount of power P transmitted is the same
(if) the*voltageV at the consumer’sterminalsisthe same
(iii) thedistance of transmission isthe same
(iv) theefficiency of transmission (and hence losses) is the same
(v) the 3-wire systemisbalanced i.e. no current in the neutral wire
(vi) theareaof X-section of neutral wireis half the cross-section of outersin 3-wire system
Let R, = resistance of each conductor in 2-wire system
R; = resistance of each outer in 3-wire system
Current through outersin case of 3-wire systemis
= P2V
Total lossin two outers 215 Ry =2 (PI2V)° R,
Current in 2-wiresystem, 1, = P/V
Total loss 21%,R,=2 (PIVY’R,
Since efficiency of transmission is the same, it means losses are the samei.e.
2(PR2V)*R, = 2 (PIV)*R,
0 R, = 4R,
Therefore, the area of X-section of outersin 3-wire case will be one-fourth of each conductor in
2-wire case.

I3

Let a = areaof X-section of each conductor is 2-wire case
Then a/4 = areaof X-section of each outer in 3-wire case
and a/8 = areaof X-section of neutral wire [assumption (vi) above]

If I isthe length of the line, then,

Volume of Cu for 3-wire system I (2 + 24 2) = 24

4 4 8 8

Volume of Cu for 2-wire system =l(a+a)=2al
Volume of Cu for 3-wire system _ §a 1 _5
Volume of Cu for 2-wire system 8 2al 16

Hence a 3-wire system requires only 5/16 th (or 31-25%) as much copper as a 2-wire system.
Note. If the neutral has the same X-section as the outer, then,

Volume of Cu for 3-wire syst :|9+9+9):§|
'olume of Cu for 3-wire system (4 1t 1 a
Volume of Cu for 2-wire system =l(a+a)=2al

*  Notethat in case of 3-wire system, the voltage between the outers will be 2V.
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Volume of Cu for 3-wiresystem _ 3ax_1 3

Volume of Cu for 2-wire system 4 2al ~— 8

13.15 Ground Detectors

Ground detectors are the devices that are used to detect/indi-
cate the ground fault for ungrounded d.c. systems. When a
ground fault occurs on such a system, immediate steps should
be taken to clear it. If thisis not done and a second ground
fault happens, ashort circuit occurs. Lampsaregeneraly used
for the detection of ground faults. They are connected for un-
grounded 2-wire system as shown in Fig. 13.66. Each lamp
should have avoltagerating equa to thelinevoltage. Thetwo lampsin series, being subjected to half
their rated voltage, will glow dimly. If aground fault occurs on either wires, the lamp connected to
the grounded wire will not glow while the other lamp will glow brightly.

or 37-5%

To Load

Fig. 13.66

SELF - TEST

1. Fill in the blanks by inserting appropriate words/figures.
(i) Inasingly fed distributor, if fault occurs on any section, the supply to all consumers has to

be ...........
(i) A ring main distributor fed at oneend isequivalentto ............ fed at both ends with equal voltages.
(iti) A distributor is designed from ............ considerations.

(iv) The point of minimum potential of a uniformly loaded distributor fed at both ends with equal volt-
ages will occur &t ............

(v) Thed.c. interconnector isused ............ the voltage drops in the various sections of the distributor.

(vi) Ina3wired.c. system, theload on +ve side is 400A and on negative side it is300A. Then current
in neutral wireis............

(vii) Inabalanced 3-wire d.c. system, the potential of neutral is............ between that of outers.
(viii) A booster isused to ............ voltage drop in feeders etc.
(ix) Balancer set isused to maintain voltage on the two sides of the neutrd ............

(x) Inabaanced 3-wire d.c. system, if voltage across the outers is 500 V, then voltage between any
outer and neutral is.............

2. Pick up the correct wordsfigures from brackets and fill in the blanks.
(i) The voltage drop in adoubly fed distributor is............ than the equivalent singly fed distributor.
(less, more)
(i) Ina3-wiresystem, the area of X-section of neutral isgeneraly ............ of either outer.
(half, double)
(i) If ina3-wired.c. system, the current in the neutral wireis zero, then voltage between any outer and

neutral is ............ (the same, different)
(iv) A booster isconnected in ............ with the feeder. (series, parallel)
(v) For exact compensation of voltage drop in the feeder, the booster must work on ............ portion of
itsV —1 characteristic. (linear, non-linear)
(vi) The balancer machine connected to the heavily loaded side works asa............. (generator, motor)

ANSWERS TO SELF-TEST

1. (i) shutoff (ii) straight distributor (iii) voltage drop (iv) mid-point (v) to reduce (vi) 100 A (vii) midway
(viii) compensate (ix) equal to each other (x) 250 V
2. (i) less(ii) haf (iii) the same (iv) series (v) linear (vi) generator
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CHAPTER REVIEW TOPICS

Describe briefly the different types of d.c. distributors.

What are the advantages of a doubly fed distributor over singly fed distributor ?

Derive an expression for the voltage drop for auniformly loaded distributor fed at one end.
What is the purpose of interconnector in ad.c. ring main distributor ?

Explain 3-wire d.c. system of distribution of electrical power.

What are the advantages of 3-wire distribution over 2-wire distribution ?

Show with a neat diagram how unbalanced loads in a 3-wire d.c. system cause unequal voltages on the
two sides of the neutral.

Explain the use of rotary balancer in a 3-wire d.c. distribution system.
9. What is abooster ? With aneat diagram, explain how it can be used on a feeder.
10. Write short notes on the following :
(i) Ring main distributor
(if) Current distribution in a 3-wire d.c. system
(iii) Balancers

No g~ NRE

©

DISCUSSION QUESTIONS

. What is the importance of minimum potential on the distributor ?

. Why is 3-wire d.c. distribution preferred to 2-wire d.c. distribution ?

Which points of d.c. ring main should be connected through interconnector ?
Can we use compound generator as a booster ?

Why do we use a balancer set ?

. Can exact balance of voltages to obtained with a balancer set ?

o 0N ®wN P
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