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_|1. Why HVDC

A2. Type of DC LINK

3. Equipment in HVDC station

4. Advantage of HVDC
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A 1. distribution
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3. Types of feeder

A. Types of distributors

5. Comparision of volume of conductor
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— Distribution system is a system between secondary sub-station

(feed by transmission system ) & end Consumer

R
Feeder — Feeder is a conductor from which no tapping are taken, ¥
g
So current in feeder remain same throughout the length. -
— Feeder are design as per current carrying capacity. Ul
dddaddddadads
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[t is a conductor from which tapping are taken to supply the end Consumer. So,
current in Distributor throughout the length is not same

Distributor:
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Service Main —
[t is a small cable, which connect the Distributor to consumer terminal

Classification of Distribution System

o| los
/DC Distribution o0 F K’
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As per Current .
\AC Distribution
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[t is a system between secondary sub-station to distribution transformer.
[t is carried out by 3 Ph, 3 wire system.
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Secondary Distribution: @

Distribution transformer reduce the voltage from 11 kV to 415V from where

distributor radiate out and feed line consumer. This is called secondary
distribution

2 Wire D.C system
DC Distribution<
3 Wire D.C system.
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» In 2 wire D.C, we use one positive & one negative conductor. One is
for incoming & another is for outgoing. Load is connected between
these two wire.

> @
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< ©
» In 3 wire DC distribution. It consist 2 outer (one positive & another
negative) & a middle neutral wire which is earth.
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Classification of Feeder :

RADIAL FEEDER

» A separate feeder radiate from sub-station, this main feeder is further divided
into sub feeder and supply the distribution transformer.

@

» It is a simplest distribution system, but reliability of system is Poor. A fault at

any point on the feeder can interrupt the supply to all consumers beyond the
fault location.

» This is mainly used in rural and low-density area.

» Since fewer conductors and switching devices are required, the installation
cost is relatively low.

» Consumers located far from the substation may experience significant voltage
drop, especially under heavy load conditions.
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Parallel feeder:

@

» It has two radial feeder running in parallel.
» It may originate from either same sub-station or different sub-station.

Each feeder supply half of load but has the capability to supply entire load (In
case of fault in the one feeder).

Load current is shared among the parallel feeders, resulting in lower voltage
drop compared to a single feeder.



Parallel Feeder:

Feeder 1
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Ring Feeder:

@

» In this system primaries of the distribution transformers is connected
through loop.

» The loop start from sub-station bus bar, Make a loop throughout the
area to be served and return to sub-station.

» Itis more Reliable.



Ring Feeder:
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Interconnected System:

» It is like ring feeder, but ring are energized from two or more sub-
station.

» Itis most reliable.



INTERCONNECTED FEEDER (NETWORK) SYSTEM

SUBSTATION - A
33/11 kV

FEEDER 1

——————

SUBSTATION - B
33/11 kV

TIE SWITCH
(NORMALLY OPEN)

f
-

TIE SWITCH
(NORMALLY
OPEN)

e
ol

FEEDER 2

LoD

r TIE SWITCH
\ (NORMALLY
- OPEN)

r--
-

J

TIE SWITCH
(NORMALLY OPEN)

oo

| .
| LOMD |
Feeder / Bus

Consumer Load

————————————



Classification of Distributor:

(1) Radial Distributor
(2) Parallel Distributor
(3) Ring Distributor
(4) Network
(Inter cunncded) Distributor

SERVICE
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Comparison of Volume of conductor in various distribution system

@

( for same loss and same insulation material):

Assumption line length =/ 1
Power transfer =P =

qme_
Insulator cost (Max voltage)=v

current in neutral wire =0
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1. DC 2 Wire System:
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2. DC 3 Wire System:
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1 phase AC System:
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3 phase 4 wire AC System:
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»’ So, DC iWi;e system is most economical distribution system.
b e ot il o

» And In AC 3 phase 4 wire distribution is more economical than 1 Phase
DC system. ™~ e e e e St e e e e e e e e e e e e e e e S
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Voltage Drop calculation in Distributor:-

1)

Radial Distributor Feed From One End (D.C);-

[,+],+
L+I;+1, I+1, I,

Go

ohnlL



@

. 7

R_'L: IS the Re<istance o...{) Ob‘Sf"sbvalo\( S{M ot A e
(BO{h“aO" aa “KC'*\\((\“ Cmo‘\lC"OY)

R, = Is the yesistana of dustibuter b A+ B

2
(BO'H\ “80" qr\o\ "xc‘l'\.\m" Cmd\{ci‘o\()



+ (=

= I_/LRA + 2<R_'L* Rq) + 1

'y

X

Total voltage evep = (Ly+ L+ Lot Ly ) Ry (T4 T+ Ty) Ra

J Rt T Ry

~alf

Tote) _
\Voltege |
kvt

(Rt RAR) + LT,(Ryt RAR ?\D

_[i(Tbtq Resistang be 5@&1’3_) +Toz (Tot Rﬁais‘(qqu bJBm«T,)

+I, (-btq) Resistaae befor 1'3) -\-IW(TD-M Resistance LQ%@I\Q




)

Current

Distance —

Voltage

Distance —



Q. 0.0852 006 01
20 g0 Tz "

VDC=200\/@/ 0 | 30
40A 50A 30A

The minimum voltage at Distributor is? The given resistance of go and
return conductor both.

Total Voltage ohvop=(120x0 081 ( 8vxo oc) 4 (20x04)
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A 2-wire d.c. distributor AB is 400 meters long. It is fed from point A.

supplies load of 20 A, 30 A and 50 A situated at 200-meter, 300 meter and
400 meter from feeding point A

[f maximum voltage drop is not to be exceed 10 V. What is the cross-section
area of distributor ? Take resistivity of conductor 1.8x108 )
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/ 1. Distribution

: /(2. Distributor and feeder

/13. Comparison of cross section area

14. Voltage drop in radial distribution
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1. Radial distribution uniform loading
2. Radial distributor fed from both end

_ 3. Radial uniform loading fed both end
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Two tram car A and B is 5 Km and 10 Km away from a sub station return

@

gl

50 A and 100 A current to rails. The substatlon voltage is 600V D. C. the
re51stance of trolley wire is 0.25 ohm‘and resistance of track is 0.05

ohm\ “What is the voltage across tram B?
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2. Radial Distributor with uniformly loading feeding from

L

one end. (J1-29

V V

=4 el a0
dx T3 1 T 7

Uniform loading Means current tapping is uniformly
distributed

Normally it is not possible.

But charging current of cable or OH Line is the example of
uniform loading.



Current = i Amp/ meter.
Resistance = r ohm/meter ( Go+ Rchan

Total line length =1

Suppose, we take a differential element dx at a distance of x from the
source.

Current entering at dx , differential clement = i(l — x)
The Resistance of differential element=r dx
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So, In uniformly loaded Distributed. Total voltage drop is equal to that cause by
whole load connected at the middle point of Distribution.
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Power Loss:

—> Power loss ia ddtﬁﬂ’c'\ﬁd Aemend 9 F=L§ (.!—x)]l):vatx']
AP- 3 v (1) A
dP= 1 v (4% X=22x) olx

X

> ﬁsn)cr loss \A‘)‘@ X M3taqce P.—, &o\?

2. X °
F= ) *j Q"u’l&)\x)o&x
Q



P- jijlsC—}-_g_Ef—Zi_DE_

P= i L)zi*--]—(;— A ]




Total power Loss:

ot FGNCV loss in a Yine ed J| cha{k
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A 2-wire D.C. distributor 250 meters long is uniformly loaded with ~—
2A /meter.

Resistance of single wire is 0.3 Q@ [f the distributor is fed at one end,
calculate:

(i) the voltage drop upto a distance of 150 m from the feeding point
(ii) the maximum voltage drop

J=250m )= QA

X =1%o = 2%03=06( I~
| 000 M
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A 250 m, 2-wire d. c. distributor fed from one end is loaded uniformly at ~—
the rate of 1.2 A/meter. The resistance of each conductor is 0.002 Q) per

meter. Find the voltage necessary at feed point to maintain 250 V (i) at

the far end (ii) at the mid-point of the distributor.
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Radial Distributor feeding from two end (D.C.) :

>

[f distributor is feed from one end. The voltage at far end from source
will be Minimum.

So now this Radial distributor supplied from two end (it may be at
same voltage or may be at different voltage)

When Radial Distributor is feed from two side Minimum voltage occur
at a point. Where current direction reverses. After this point voltage

start Increasing

(%)
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Suppose we assume current entering at one point.
So Total voltage drop between O point & D point
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Steps:

» First find out the value of I.

» Now find out the current in the different part of distributor

» The point where the direction of current changes is the minimum

voltage point
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—) A==
V,=220  60A 70A  50A 40A V,=220

A, 2-wire d. c. distributor fed from both end is loaded as given in figure.
The resistance of is given for both go and return conductors. Find out the
location and magnitude of minimum voltage.

T- 0+ 6o (0‘.1‘\' 0O+ 0 D&Y 0'02.) ‘\'70(0‘0‘{{'006‘%0‘57-) -\-SD(UB@-I)‘B =t \15(6'02)

(0040 1+ 004t & bEH002)
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A 2-wire d.c. street mains AB, 600 m long is fed from both ends at 220 V. \\/‘
Loads of 20 A, 40 A, 50 A and 30 A are tapped at distances of 100 m,

250m, 400 m and 500 m from the end A respectively. If the area of
X-section of distributor conductor is 1 cm?, find the minimum consumer

voltage. Ven

Takep=1.7x10°Q-cm.__, _ S g2

16 w7y 49 = 150 vy
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Radial Distributor with uniform loading feeding from both @
i ' 47
side with equal voltage:

X dx

T Veen.

I3 TN

V 14

Resistance of distributor = r Q/m.
Current in distributor =  A/m.

Due to uniform loading, minimum voltage occur at the midpoint (//2) distance
from any end.
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Both end voltage are equal so current supplied from each end=

Suppose, we take a differential element dx at a distance of x from the source.

Current entering at the differential element dxis =i(l/2 — x)
The Resistance of differential element=r dx



Voltage drop::
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Power loss:
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Total power loss:
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</ | 1. Radial distribution uniform loading
I /| 2. Radial distributor fed from both end

/3. Radial uniform loading fed both end
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/ | 1. Radial distribution uniform loading
Fed both end by different voltage

_ 2. Ring distribution

1 3. Interconnected network

At 4. A.C. distribution
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uestion k\/
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A two-wire D.C. distributor cable 800 meters long is loaded with
0.4 A/meter. Resistance of each conductor is 0.05 (}/km. Calculate the
maximum voltage drop if the distributor is fed from both ends with

equal voltages of 200 V. What is the minimum voltage and where it
occurs ?

0

X(G\u-\» Rc‘\'\\m): 2XDDdS= 041 L _ vAn

——




R

—

Max™ Voltage olvep = ;&E’ Iy 2%

Y
=0YX0OA x(gm)z‘
| oS ¥
— 32 VOl‘t

\/Mi‘\: 2so-2%2
= 1968
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Radial Distributor with uniform loading feeding from both @
i ' 47
side with unequal voltage( D.C):

©
% | (4-2)
A A

Resistance of distributor = r 2/m. Current in distributor =i A/m.
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Let the distributor is fed from A and B point with VA and VB

Suppose, the point of minimum potential (point C) exist at a distance of x from
the A point.

. 2
Voltage drop in section AC = A% X V. = V.- 1Y X
2 S 0
2
7 1
Voltage drop in section BC = 5 V= 'R _ @






Steps:

1. First find out the value of x

2. Then find out the voltage drop in section AC= irx*/2

3. So minimum voltage at the point C=V,- irx?/2



A\ V1 4
A 2-wire D.C. distributor AB 400 meters long is fed from both ends and Ts

loaded uniformly at the rate of 1.0 A/meter. At feeding point, A, the voltage
is maintained at 250 V and at B at 240 V. If the resistance of each conductor
is 0.1 Q) per kilometer, determine:

(i) the minimum voltage and the point where it occurs

(ii) the currents supplied from feeding points A and B

kf“

gl

Stepd J=A Al

¥( ot Retuva) = 028 _ 5y a5t o
1 6%
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Y = Vo - Va N J Vo lHage odeop in A< Sl
j““ = - JY)(L
2-
X = 250-2N° 4 YSH = 4% in__\.‘x < 2
Axoxpixyse = ) S ¥ (32%)
2
> =4235+260 = 3QF ~ 103€2%S

= QSD- \d- S¢2S

- 23392




— Cuagverd fesel f§om) A poind = S
= Ax22s = 225 A

——> C%Y‘(('\f ()e,_,,\ &W""l R Fai'& = )()—d)

= 4 (4so-325)

=715 Anp



Radial Distributor with both uniform and concentric loading :

» These are several cases in which distributor have both concentric and
uniform loading both.

» In that case total volage drop in any section of the distributor is equal to

the sum of voltage drop due to concentric and uniform loading in that
section



(0)
A 2-wired.c. distributor AB, 900 meters long is fed at A at 400 V and load &
50 A, 100 A and 150 A are tapped off from C, D and E which are at 200 m. 500

m and 800 m from point A respectively. The distributor is also loaded
uniformly at the rate of 0.5 A/m. If the resistance of distributor per meter (go

and return) is 0.0001 1/m, calculate voltage (i) at point B and (ii) at point D.
(vv22) (ovoln) (1,032,)

35°A ‘QS“A @ 1So @ .

/%:m Ll 3@——»%350 S < 18m—s
\ \’ %

Go & |30 A A50 A




> Resistance of AC= QGOXRAKAS | = 002

——> Resistance of CD= 3wxAx4s = 002
—— Resistane & DE = 350X 4x15T = v03

— \hHage ohvop duwe to Concenhic )D%U'\a =

:@sbxo-t@ + (2501 003) + (360 x 0v2) = 4¢
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2.
- Zb~2_5.
50 TD'%QNK \/b\')(Qac Ok‘(O‘F: i%-\sz.ZS._. 2R 2%,

= 36175
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X
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\/oH’qac ohch duwe to Concerdvic l,oqol.iqa wp v D Fojrd(
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RING DISTRIBUTOR:
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First Method:

@

» Convert the ring distributor feed from one source into radial distributor
having same voltage at both the end.

» Find out the value of |
» Now find out current in all the distributor branch

» When direction of current reverse, we will get minimum voltage.



Second Method:

» First mark the current in one branch of Ring
» Now mark the current in the remaining branches using KCL.

» Now apply the KVL in the loop.

» Find out the value of current and the currents in the remaining branches..



A 2-wire D.C. distributor ABCDEA in the form of a ring main is fed at point
220 V and is looked as under:

10AatB; 20AatC; 30 AatD and 20 A at E.

The resistances of various sections (go and return) are AB = 0.1 Q;
B= 0.05 Q; CD =0.01 Q; DE =0.02 Q2 and EA = 0.06 (). Determine:

(i) the point of minimum potential

(ii) currentin each section of distributor
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INTERCONNECTED DISTRIBUTOR:




[f ring distributor fed from one source, there is a possibility that @
A\ "4

voltage magnitude of a point (Where minimum potential occur) is

below the permissible limit.

In order to increase this voltage, it is proposed to connected a
interconnector between source and minimum potential point so
some current from source directly flow to this point and increase its
voltage magnitude.

Generally, the size of interconnector is about 50% of size of original

distributor.



@

A\ V\ 4
A d.c. ring main ABCDA is fed from point A from a 250 V supply and the N~

resistances (including both lead and return) of various sections are as
follows : AB = 002 Q: BC = 0.018 Q: CD = 0.025 Q and DA = 0.02 Q. The
main supplies loads of 150 A at B; 300 A at C and 250 A at D. Determine
the voltage at each load point.

[f the points A and C are linked through an interconnector of resistance
0.02 (), determine the new voltage at each load point.
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3) Radial Distributor fed from one end (A.C.) -
(power factor referred to receiving end voltage:

(%)

(I,M,-r THT L) (T;+T.20) Ts
A — B —» (C TxoD / b
; s \%J}il >
ST
v Ta
I.l IZ | I3
1 upf ¢3

(lag) ®=0 (lead)



@

*Total Vottage deop = (T, 20,43+ T24:)Zag +

(I,+ I.449,) Sac T (T,49,) Zep

c?

— 5 — <-L_9. é’@j) (Zﬁ@) 1- :Ez (Zﬁ [5+ Z&c) — (::3 44’3) (Zﬁ B+ ZBC+ Z(l))
)



Note:
Generally if not given then we take all voltage angle same (Angle of

Ve, Vp,Vg) are same



A single phase AC distributor supplies two single phase loads as@
Q‘ shown in figure. The voltage drop from A to C is 4

0+j0.25 Q2 B C
A < 2
230V 0 +j0.35 Q
Sv/-348¢ Y Pa
30 A, 40 A,
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3) Radial Distributor fed from one end (A.C.) -

(power factor referred to respective load end voltage:
R e
3 Tt Tgha )
A '—> BER C







Q Signal line diagram of a 4-bus single source distribution system is@
* | shown below. Branches e, e,, e, and e, have equal impedance. The ¥

load current values indicated in the figure are in per unit. The
distribution company’s policy requires radial system with minimum
loss. This can be achieved by removing the branch

2+]j0
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| b 2 Minutes Summary

— Rma Distibuhm)
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Thank you




