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Under Ground Cables

Application: -

(i) It is mainly used in transmission & distribution of electrical energy in

densely populated region.

(ii) To connect the overhead line with indoor sub-station equipment
(iii) Cable is used inside water body
(iv) At the Railway track crossing

(v) At the road crossing
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1. Conductor:

» Copper conductor is used in control cable, signaling and

communication

» In power cable, we use stranded Al conductor

2. Insulation:

» It prevent leakage current from conductor to ground

r

@) The resistance of insulation should be high.

(b) It should have high dielectric strength, so thickness of
insulation should be reduced.
(c) Non hygroscopic, so it should not absorb the moisture

.

d) Chemically & electrically inert




(e) Freefrom impurities

e.g. Vulcanized rubber /
Impregnated paper v
PVC vV i
Polythene ]

XLP]:Z/()Cross linked polythene cable)
3. Metallic Sheath:

» It prevent the cable from moisture gases or other damaging liquids (acids

or alkalies) in the soil and atmosphere
» Italso protect the insulation.
v{a) Lead
AD) Aluminum



4. Bedding: 7D )
» The purpose of bedding is to protect the metallic sheath against A

corrosion and from mechanical injury due to armouring so, It provided a

cushion between sheath and armoring.

» Itis made of cotton, jute, Hessian tape

5. Armoring:
» It provide protection cover, which protect the cable during
transportation and laying.

»  Steel tape and steel galvanized wire is used.

————"




Serving :

@

» It protect the armour from corrosion, fibrous material is used for

serving.
_ Cenelyctor _ _ _ _ _
» Single core cable is generally not provided with armoring as it

increase the loss.

»  Aluminum sheath cable do not required armoring.

Note : Bedding, armouring and serving are only applied to the cables for the

protection of conductor insulation and to protect the metallic sheath

from mechanical injury.



Classification of Cable:

Low Voltage (up tolkV)

High Voltage (up to 11 kV)

Based on Voltage Super Voltage (From 22 Kv to 33 kV)

Extra High Voltage (From 33 Kv to 66 kV)

Extra Super Voltage (132 kV & above)



Based on Insulation

ingle core (= 66 kV)

Based on number of core Core (£33 kV)
CCm::\wdav

& half core (LV Distribution) [ O
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Solid type cable |Pressure inside cable < outside pressure)

up to 33 KV]|

Prasciirizad cahle |Pressure inside cable > outside pressure]

Gas filled (Nitrogen) Oil filled (Mineral oil)
St, up to 275 kV (Up to 500 kV)
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1. Gas pressure cables can carry 1.5 times the normal load current and can

Advantages of Pressurised Cabh/e
The various advantages of gas pressure cables are,

withstand double the voltage. Hence such cables can be used for ultra high voltage
(UHV) levels.

2. Maintenance cost is small.

3. The nitrogen in the steel tube, helps in quenching any fire or flame.

4. No reservoir or tanks required.

5. In oil-filled cables, the circulating oil helps remove heat from the conductor

6. The steel tubes used make the cable laying easy.

7. The ionization and possibility of voids is completely eliminated.



Single Core Wire:




3 Core Wire:




Belted cable (Up to 11 kV)

@

3 Core Cable / Shielded(Screened) cable (from 22KV to 66 kV)

Oil and gas filled cable (66 kV & above)



In belted cable h duct sulated ( bv impregnated pape
n be a each conductor is insulated ( by impregn ppr)@

separately, and then overall belt insulation is used, and then finally

metallic sheath is used. y

Q D

In this cable tangential electric stress also exist. Which force leakage

current along the length of insulation. Which may lead to its breakdown.

In shielded cable each conductor is individually insulated and cover with

metallic sheath. Then an additional sheath is used.

All four sheath are at the earth potential, so electric stress is radial only
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Internal view of 3 core 33KV oil filled cable

Aluminum Insulating Sheath
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Electrostatic stress on single core cable:

Electric stress = Electrical field = Potential Gradient, /

E=g.
» Electrical field inside the conductor is zero. So, it is also zero at conducting
Sheath. _
» Now suppose in insulator electrical field at x distance. NEL
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» So electrical field will be maximum at the owkr surface of
conductor,x=r

4

m);:Emax —
d rln(%)

» The Minimum value of electrical field occur at the inner surface of
sheath, x =R

4

il N







Q A single core cable for use on 1.1 kV, 50 Hz system has conductor are
0-645 cm? and internal diameter of sheath is 2:18 cm. The permittivit

@

the dielectric used in the cable is 3-5. Find (i) the maximum electrostatic

stress in the cable

(A ﬂés kV/cms (RMS)

€ 20.65kv/cms (RMS)

O 17.65xv/cms (RMS)
€ 22.65kv/cms (RMS)

[
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Q A single core cable for use on 11 kV, 50 Hz system has conductor are@
y

0-645 cm? and internal diameter of sheath is 2:18 cm. The permittivit

the dielectric used in the cable is 3-5. Find (i) minimum electrostatic
stress in the cable

15.65 kV/cms (RMS) AV
3“‘"‘-
13.65 kV/cms (RMS) R\ Ry
11.49 kV/cms (RMS) RN 109
22.65 kV/cms (RMS) o3 ated T ]
0NS3
Ir Mahod




Q The maximum and minimum stresses in the dielectric of a single c

o

cable are 40 kV/cm (r.m.s.) and 10 kV/cm (r.m.s.) respectively. If
conductor_diameter is 2 cm, find :
(i) thickness of insulation Y-4

drea t=14-3



Q The maximum and minimum stresses in the dielectric of a single ¢

o

cable are 40 kV/cm (r.m.s.) and 10 kV/cm (r.m.s.) respectively. If
conductor diameteris 2 cm, find : @ =

(i) Operating voltage in RMS

, |
52.3 kv 3 - \4 %W‘; \V4
e ¥ In & R\n R
49.8 kv R/ e Oy
O 55451 ™S
- Jmx R Jo- V
© 783kv s ¥ 1\ad
_\.._1_9- :_E_ \/: SS\‘S
45 A
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Most economical radius of conductor:

So dielectric strength of insulation should be higher than E__

For a fixed voltage application, if over all size of cable (R). We will
determine radius of conductor (r) for which electrical field of surface of
conductor (E should be minimum).

max.

[t will reduce the cost of insulation, so it will be most economical radius.



Electrical field at surface of conductor.

-V
I
d (30 r
- i R
oh_(— [o) Y \Y\_]:i;.(b)— V L’(—;\(%)_‘. \n_?_ (l)]
=0
Y_YM%]L
_1_\.“\(_%_):13
\n(-%-):ﬂ_

BN

7




Jfr

"

22T4%

So1e OER



Stable
\—— Region

Unstable

[ B

at
surface

® r=0.367 R




— 30 kV/cm

40 - 50 kV/cm

Y L0367 R

Normally E at the insulation =



Q Find the most economical size of a single-core cable working on a 132

3-phase system, if a dielectric stress of 60 kV/cm(peak) can be allowed. 2
Grivey %

V()= [32 (RMS
Q R=7.2,r= 3.2 cm ( ) -%—z *

O r-122r-61cm Qe (Pecike) = G kv(%
D=9.78, d= 3.6 cm ( e F"\ §a «5‘\‘(W\

\/._====-—'~

@O R-102,r=42cm

N
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lv\7i
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. . - D
Determine the economic overall diameter of a 1-core cable metal 7P\

sheathed for a working voltage of 85 kV if the dielectric strength of A
the insulating material is 65 kV/cm(peak).

Qx (RMY = 6>

A2 Fac € conomic _’i.-' e
3mx:, \/ lﬂ%: 1
¥ n B
L R.e
R L
_% . %5 Rzl-‘&\\xe‘ 1502
2 ¥x
D=QR =(odY
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Grading of Cable: @

7
Grading means distribution of dielectric material such that difference

between maximum and minimum electrical field is reduce. So same size
cable can be used for high voltage or¥ame operating voltage smaller size of

cable is used. I::

Capacitance grading Inter sheath grading
(Number of dielectric (Only single dielectric
material is used) Material is used)



220 kv

{“(kﬂh - .%zikv Oy




Capacitance Grading:

Electrical field at x distance E, = A A=Y
= 27Ex)

So, E, will be independent of x, £x= constant = k

k
S\LZH

ET

R
So infinite amount of dielectric material is required normally we use 2-3

dielectric material with permittivity of ¢,, €,, ¢; & radius r,, r, & r,

Now to find out the location of different dielectric material.



Case-l:

(1) If factor of safety of all dielectric material is same.

e 2 oo Bqa
ro Dielectric strength ‘ i Yoo _,
E at surface 250

Suppose if dielectric strength of insulating material is G,, G, and Gq

s




G
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Y <X, Xy

6-16\&7626\27 €3Gl3




636'3 .
€20,

So, material with highest €G should be placed near to conductor & outer
layer should be in descending order of product of €G.



So, material with highest €¢G should be placed near to conductor & outer
layer should be in descending order of product of &G.

@

Case-II : If maximum value of electric field is same.

So dielectric material with high permittivity should be placed near to
conductor.




J&EE,T9

Ei¥ =
1 62_71-‘— €3YJ.




[f maximum working stress is g . then operating voltage of cable.
4

- %
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— Ve =
Vs

— (2)




b
Toted \/bl-\'qac ‘Ef Cable /= Vy+V,+ Vs

V= jmrln - ‘JM,(Y_,LM__“ D 0y T 0 B

T
- Y)_, o
V (amr Y In __Y—-tvi\nT-i-\("ln&




A single-core lead sheathed cable is graded by using three dielectrics @
of relative permittivity 4, 3 and 2 , respectively. The conductor
diameter is 2 cm, and overall diameter is 8 cm. If the three dielectrics
are worked at the same maximum stress of 40 kV/cm, find the safe
working voltage of the cable?

What will be the value of safe working voltage for an ungraded cable,

assuming the same conductor and overall diameter and the maximum
dielectric stress?

Y= —i‘—:i C\

R=§2_=‘10«



i\n\33+\33\v\_—- + 2 \n ““l
! '3 2




(1)

\/
Jeax = R
XM7
_ [
\Va= 3,“1( "‘—{j
V= \{oxilf)-ji

V - §5Y5S \f_V




A single core lead sheathed cable has a conductor diameter of 2 cm; /P )
the diameter of the cable being 8 cm. The cable is graded by using two A
dielectrics of relative permittivity 5 and 4 respectively with

corresponding safe working stresses of 30 kV/cm and 20 kV/CHL(ch?

Calculate the radial thickness of each insulation and the safe working
voltage of the cable ?
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Joxs = — % Gy = 2
o Y2 RV
Vg
Vy= Gaxa ¥ 107 Va= Gty 1 %
Y.:L
Total Vol+qjc (Ptalc): 3mx ¥in = + 3»«”_ In %:L

= 30Xx4 |y RYS + 20X |83 \n \
1 I-R15

Z |IRES T 2%\ 4.2
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A conductor of 1 cm diameter pass centrally through a porcelainm

cylinder of internal diameter of 2cm & outer diameter of 7 cm. The A
cylinder is surround by metal sheath. The permittivity of porcelain is

5 and peak voltage gradient i air should not exceed 34 kV/cm.
Determine Max safe working voltage.

Y: —4"2-:: 0'S Cw
Yj_: i

= 35 G







Y
V= 39(es)In=
TOMAL =t 3“17(.1\(\3'_5

V= 16-oM ( Feak)

V= \60\{
= - 12-34(Rny
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Inter Sheath Grading

» Here we use a single dielectric Material, but no. of sheath will be more.
» By using auxiliary transformer, to maintain the potential of sheath at a
particular value. So, the value of Maximum stress of the surface of each

sheath is remain same.
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So, we can say by using multiple inter sheath the electrical stressed ism
y by using p @

reduced.

So, voltage of cable with the Inter sheath is

Vo= (V=) )+ (v ) +(vy-e)

= amx‘ h ‘V\Q(‘\'Y_a_\f\(’("\' Yg_\'\"(]

—

Vo= S e Drt ¥y v

» Grading theory is mostly theoretical method of does not have practical

approach.
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Q A single core cable of conductor diameter 2 cm and lead sheath/\

diameter 5.0 cm is to be used on a 66 kV, 3-phase system. Two intere”
sheaths of diameter 3.0 cm and 4.0 cm are introduced between the core

and lead sheath. If the maximum stress in the layers is the same, find the
voltages on the inter-sheaths

R: =25 c"\
Q 37.02 kv, 18.88 Kv
= Qqml
9 39.23 Kv, 20.23 kv o 3
G 45 Kv, 23.20 Kv V= 86 3% 1oy

I3
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V, =19¢7x 18243
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AR 6TV = 0367V, X0IY

2 g7 Ny =V

\/i: 38"03‘: |3 AL
SRS




(%)

Insulation resistance of a Cable

Conductor

Leakage current

Main current






Suppose we take a differential elements dx at a x distance away from
center.

@

The resistance of differential element is

O‘RN: P dx

SIS
'R
Rine= Pd
) )'[_3(9\
’ of
R
R\m: —P—- | di







Q The Insulation Resistance of the cable of length 10 km is 1 MQ For a@
length of 100 km. The Insulation Resistance will be bl




Q The insulation resistance of a single-core cable is 495 MQ per km. If @

core diameter is 2-5 cm and resistivity of insulation is 4:5 x 1014 c}n/
find the insulation thickness

-.gf,lzrrq L= 4 km = 65v X |50

2
Ri'm: H3sS M

R\'!\;::S‘{A‘ In (—5—) 6




- = 0634
Y-SKlo
£. 1996
R= 2495




Capacitance of Cable:

1. Capacitance of a single core cable.

» A single-core cable can be considered to be equivalent to two long co-axial
cylinders.

» The conductor (or core) of the cable is the inner cylinder while the outer
cylinder is represented by lead sheath which is at earth potential.

» Consider a single core cable with conductor radius r and inner sheath
radius R.

» Let the charge per meter axial length of the cable be q coulombs and € be
the permittivity of the insulation material between core and lead sheath.






@

The capacitance of cable is higher than that of OH line.
1. The permittivity of Insulation is higher than permittivity of air.

2. The Distance between conductor and sheath is less.

_ QAN6E _
Co= L Cop= V& Fm
In (Rlv) n (D)

C »c

Callc oH







A 33 kV, 50 Hz, 3-phase underground cable, 4 km long uses three singl@
core cables. Each of the conductor has a radius of 2:5 cm and the radial >
thickness of insulation is 0-5cm. Determine ?

(i) capacitance of the cable/phase Y=-5Cm

(i1) charging current/phase R=2.S+p5= 2¢

(iii) total charging KVAR. v/ 1
The relative permittivity of insulation is 3




(D, ::Ph:’(]wcvrk
= QM(SHA (3661% 15" (33‘5‘5")
= 2493} '3

() VAR = 3anIP*>

- 37( SSGGBX Z\%l
K]

- (23232



A single core cable has a conductor diameter of 1 cm and internal
sheath diameter of 1-8 cm. If impregnated paper of relative
permittivity 2 is used as the insulation, calculate the capacitance for
1 km length of the cable?

7D
7
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Capacitance of Cable

Capacitance 3 core Cable:




In 3 core cable overall 6 capacitance is formed
C, = Capacitance between conductor & sheath
C. = Capacitance between the conductors.

Z.= %2
T3
‘Z\’CQ 12&} _'é‘_ oo
A C '
ac, JW Y dwcba

[N o T
S



Now Total Capacitance

—3C

3C,




So per phase capacitance,
Con = G + 3C,
The charging current per phase,

[ =joC Vi
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Step 1: Bunch all 3 conductors (core) & Measure the capacitance between

The Measurement of C

bunched conductor & sheath. Suppose atis C,




m—
C. —

Cs




. 7D N
Step 2: Connect any two conductor to sheath & Measure Capacitance betv\@
remaining conductor & sheath. Suppose at is C,.

S
P
—— g
\C ¢ o6
A g &
CC CC < | lc ](’S
_ 3
S ~C : (e O¢
L C \l CC C/S







®
The Measurement of C 7

» It may be noted here that if value of C;, (= C; + 3C) is desired, it can be found
directly by another test.

» In this test, the capacitance between two cores or lines is measured with the
third core free or connected to the sheath.

» This eliminates one of the capacitors C, so that if C, is the measured
capacitance, then









Consider a three-core, three-phase, 50 Hz 33 kV cable whose
conductors are denoted as R, Y and B in the figure. The inter-phase
capacitance (C,) between each pair of conductors is 0.2 pF and the
capacitance between each line conductor and the sheath is 0.4 puF.

The per-phase charging current is

Outer sheath

7D N
4



2
C?h = 3(v2)+ oY
- -V
Lpn” —5{1--' 3% CenVen
= 97U SARAX IS x 23680
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Heating of cable/Losses of Cable

If Generation of heat > Dissipation of heat

= Temp will Increase

[f Generation of heat < dissipation of heat
= Temp will decrease

Heating in cable occur due to loss



The Main losses in cable are

1. Core loss (Ohmic loss) LCcmoNC tov |
2. Dielectric loss

3. Sheath loss

Core — Insulation — Sheath — Ground (Heat Dissipated)
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1. Core loss: The Main loss is ohmic loss in conductor.
1 Core cable = IR

3 Core cable = 3I4R.

e If Resistance is given at ambient temperature (20°). So, first find out
resistance at operating temperature. (e.g. 60)

/ Reo = Ryo(1 + at)



P ReRe 1020102

Due to skin effect. Effective AC resistance will be higher than D.C resistance.

Factor for increment of R due to length of outer most conductor more than
central strand.



2. Dielectric loss:

OB oIl

e The Dielectric is subjected to alternating electrical field, which is
changing its direction.
e Due to electric field Dipole, try to align as per E.

e So, After every half cycle, The Dipole change its direction. The energy
loss in this process is caused dielectric loss.



[t is also occurred due to leakage current flowing in Insulator.

(%)

The lossy Dielectric Material can be represented as




F;VX@ tans= 1r
T

{ansg = VIR
f:,\/x wev tan§ VX,
r= wev” tans V.. Vv tan §




tan 9 is the characteristic of Insulating Material.

[t is called loss tangent.

Loss tangent | = Better Insulating Material

For 3 phawe Cable

Totad duclechic loss = |3 \A)CF“VP:' tan$

= mcl’h (J__)) thir{qqg

2

o= Jo-¢ W CpV, tans

((
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Sheath loss: @

Suppose in single core cable. The AC current is flowing. A pulsating

nature of Magnetic field is created.

l
it will link the sheath, so EMF will be Induced as per faraday law. (take
core as a Primary winding. & sheath as a secondary winding.

l
Due to this EMF (voltage). The current will start flowing, which create
sheath loss.




Sheath loss oc core loss.

@

Sheath loss may be two type

1. Sheath eddy current loss — it flow sheath of same cable.

2. Sheath circuit current = From sheath of one cable to sheath of second cable.
(This current flow, when Sheath of two cable is connected at both end. This is
known as bonding)

e

—




Bonding




Q A 11 KV, 50 Hz, single phase cable has radius of 10 mm and inte

sheath radius of 25 mm. If relative permeability of insulator is 1.5 and 058"
tangent is 0.036. Find out the dielectric loss of a cable if cable length is 10

KM
P:. U\)C\/Z'QQ(\ S
(= Q€ €y _ Q?/-[X?'gS‘f)QS‘ lx 4
R[¥
2.74 KW
- -2
30.19 KW SR X5 K \oR(ERD

None - R X (58



. 2
P, LwcecVv taq s
GO { —%
N X o % x (1IzsY) "X 002¢

F: 274514 Weut

P =7y kw
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PRACTICE SHEET-1

EE

Power Systems

Distribution and Underground Cables

A 2-wire dc ring distributor is 250 m long and is
fed at 240 V at point A. At point B, 120 m from A,
a load of 100 A is taken and at C, 80 m in the
opposite direction, a load of 100 A is taken. If
resistance per 100 m of single conductor is 0.02
(), then the current in the section BC of feeder is

(A)16 A
(C)32A

(B) 24 A
(D) 48 A

A 2-wire dc distributor is 500 m long and is fed
at 250 V at point A and 240 V at another end
(Point D). At point B, 200 m from point A, a load
of 50 A is taken and at C, 150 m from B, a load
of 100 A is taken. If resistance per 100 m of
single conductor is 0.05 Q, then the current in
the section CD of feeder is :

(A) 30 A (B) 40 A

(C)70 A (D) 80 A

A single-phase AC distributor supplies two
single phase loads as shown in figure. The

voltage drop from Ato Bis :
A (0+j025Q B  (0+j0.35)Q C

230V
30A 40A,
0.8Lag upf
(A) 6.62V
(B)16.62 V
(C)20.56 vV

Android App

CUSTOMER
sssss

Q4

Q5

Q6

Q7

| iOS App

(D) 33.33V

A two-conductor cable 1000 m long is loaded
as shown. Both ends arc supplied at 250 V. The

minimum voltage point is :
A 100m C 200m D 400m E 200m F 100m B

R N

250V 30A 50A S80A 40A 250A
(A)C (B)D
(CE (D) F

A 2-wire distributor is uniformly loaded at the
rate 1T A/m and is fed at both the ends. The
point of minimum potential occurs at 550 m
from end A and the minimum potential is 220V,
If the length of the distributor is 1000 m,
calculate the voltages at the feeding ends A
and B. The voltages at the feeding ends A and
B. The resistance of each conductor is 0.01
Q/km.

(A) 223.025V, 222.025 V

(B) 224.025 V, 223.025 V

(C) 225.025 V, 224.025 V

(D) 226.025 V, 225.025 V

The insulation resistance of a single core cable
is 100 MQ/km. The insulation resistance for 10
km length is

An 11 kV, 50 Hz, single phase cable has a
diameter of 10 mm, an internal sheath radius of
relative

20 mm. If the dielectric has a

permittivity of 2.6 and a loss angle of 0.036
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Q8

Q9

radian, the dielectric loss for 3 km length of the
cableis:

(A) 910 watts

(B) 938 watts

(C) 869 watts

(D) 857 watts

A 3-phase, 3 core, metal sheathed cable gave
the following test for capacitance.

two conductors
bunched with the sheath and the third
conductor is 0.45 pF per km.

1. Capacitance between

2. Capacitance between bunched conductors
and sheath is 0.75 uF/km.

The value of capacitance per
___uF/km.

phase is

A single core cable 10 km long has an insulation
resistance of 2 MQ. The core diameter is 12 mm
and the diameter of the cable over the
insulation is 30 mm. The resistivity of the
insulating material is :

(A) 137.44 GQ -m (B) 152.44 GQ -m

CUSTOMER
SERVICE

GATE

(C) 12612 GQ -m (D) 14812 GQ -m

Q10 When 7/0.029 V.LR cable is carrying 20 A, a

Qn

Q12

drop of 1V occurs every 12 m. The voltage drops
in @ 100 m run of this cable when it is carrying 10

Ais nearly :
(A) 42V (B) 32V
(C)1.2V (D) 0.42 V

A drawn wire of resistance of 5 Q is further
drawn so that its diameter becomes one-fifth
of the original. What is its resistance with
volume remaining the same ?

(A)25Q (B)125Q

(C)625Q (D) 3125 Q

A concentric cable has a conductor diameter
of T cm and an insulation thickness of 1.5 cm.
When the cable is subjected to a test pressure
of 33 kV, the maximum field strength will be
nearly :

(A) 41,000 V/cm
(C) 45,400 V/cm

(B) 43,200 V/cm
(D) 47,600 V/cm
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Q1
Q2
Q3
Q4
Q5
Q6

(A)
(€)
(B)
(€)
(A)

10~10

Answer Key

Q7 (D)
Q8  0.54~0.56

Q9 (A
Q10 (A)
Qn (D)
Q12 (D)
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Distribution and Under ground Cables

Practice Sheet 01
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