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1. Analyze the effect of line constants of
medium transmission line.

» 1.1 Describe the effect of line constants of medium
transmission line.

» 1.2 Express the equation for sending end voltage and
current by end- condenser method, nominal T method and
nominal Tt method for medium transmission line.

» 1.3 Draw the phasor diagrams of end-condenser method,
nominal T method and nominal 1 method for medium
transmission line.

» 1.4 Solve problems on end-condenser method, nominal T
method and nominal Tt method for medium transmission line.
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Medium T line
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Medium Transmission Line

Resistance (R) & Inductor (L) are Series Element Capacitance (C) is Shunt element
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Three method for line constant calculation

»1. Nominal t method
»2. Nominal pi method
»3. End condenser method
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Nominal T method

Nominal T model of a Medium Line
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Phasor diagram for nomal t method

Phasor diagram of a nominal T network



» Series impedance of the lineZ =R + jX

» Shunt admittance of the line Y = jwc ”

» Receiving end voltage = Vr e =gt
» Receiving end current = Ir R/
» Current in the capacitor = lab Zab

» Sending end voltage = Vs L=l 4L,
» Sending end current = Is =L +YV,
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Nominal Pi method
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Nominal Pi model of a medium line.



Phasordiagram a mnomimnal pi
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3. Analyze the high voltage DC transmission.

3.1 Describe the high voltage DC transmission system.

3.2 State the limitations of AC transmission.

3.3 Discuss the economic comparison between AC and DC
transmission system.

3.4 List the advantages of HVDC.
3.5 List the disadvantages of HVDC.
3.6 Classify HVDC links.
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High voltage direct current (HVDC)

High voltage direct current (HVDC) power systems
use D.C. for transmission of bulk power over long
distances. ... HVDC lines increase the efficiency
of transmission lines due to which power is rapidly
transferred. In a combined AC and DC system,
generated AC voltage is converted into DC at the

sending end.
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HVDC System Layout

Overheadline
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HVDC HVDC

First transformer COnverter Input power is Rectifier  tansformer Second
Power equal to Power
: Converter Converter 5
grid/ . QOutput power i grid/
network Stauen network

HVDC Substation Layout
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DC Transmission System
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DC Transmission System

GBI

Communication Problem-49 &y DC *I8I1F High Voltage-2 (ofd (@ *MMF I,
DC voltage BT High voltage-a Falb 2T Sl Step up (© AT I,
BTSSR WET DC switch 938 Circuit Breaker-a9 oS 461 Limitation XM |

ENGR. MOBARAK HOSSAIN 6



AC Transmission System

e
9% TCO®™ Electrical Power ¥J 232 High voltage-a CIERECEEIGH

AC Sub Station ST J@EF SIFI AT NHES GREF 2T,
AC Voltage STR31R Transformer 49 TR Step Up 91 Step Down X(® |
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AC Transmission System

GBI

DC Transmission Line-49 (6(F AC Transmission Line-4 ¥ (Copper)(ﬁﬁf GIQN
DC Transmission Line-49 (6(F AC Transmission Line-49 ST AP Gﬁ@“l,

AC Transmission System-Q Skin Effect ¥TRTd H»(T AC Transmission line-a Effective Resistance
Bl (AE IF|
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HVDC Advantages:

Cost of transmission is less, since only two conductors are used for
transmission. There is no reactive power. So transmission losses are
reduced. Due to high voltage transmission, for the same power
current is less.
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6. Underground Cable

6.1 Define underground cables.

6.2 List the advantages and types of underground cables.
6.3 List the insulating materials used in underground cables

6.4 Describe the construction of low, high and super high voltage single phase and three phase
underground cables.

6.5 Explain the insulating materials for cables.

6.6 List the properties of insulating materials for cables.

6.7 Describe the measurement of insulation resistance of cable.
6.8 Identify different sizes of cable.

6.9 List the causes of failure of underground cable.

6.10 Describe aerial cables and submarine cables
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8. Analyze the insulation resistance and dielectric stress
in a single core cable and three core cable

8.1 Describe the insulating resistance of single core cable.

8.2 Express the equation for insulation resistance of single core cable.
8.3 Solve problems on insulation resistance in single core cable.

8.4 Deduce the equation for dielectric stress in a single core cable.
8.5 Solve problems on dielectric stress in a single core cable.

8.6 Describe the insulation resistance of a three core cable.

8.7 Express the equation for insulation resistance of three core cable.
8.8 Express the equation for dielectric stress in a three core cable

.8.9 Solve problems on insulation resistance of three core cable and dielectric stress in
a three core cable.
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insulating resistance of single core cable.

Fig. 6.11 Elementary ring
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insulating resistance of single core cable.

Let d = Diameter of conductor or core

r=d/2

D = Diameter with sheath
R=D/2
Cross section area = Surface area for length | of cable = (2 M x) x |
Hence the resistance of this elementary cylindrical shell is,
dR.=pdx/(2Mxl)

Where p = Resistivity of the insulating material
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insulating resistance of single core cable.
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Dielectric Stress in a Single Core Cable

Fig. 11.14
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Consider a Capacitance of Single Core Cable with core diameter d and internal sheath diameter
D. As proved in Art 11.8, the electric intensity at a point x metres from the centre of the cable is

E = 0 volts/m

T ImeEx
8 =E,
g = —2  voltsin j
T g€ x +{)
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Dielectric Stress in a Single Core
Cable

potential difference V between conductor and sheath is

2yl b
v P log, y volts
Ree V
= "Q' (D)
gg d

Substituting the value of Q from exp. (ii) in exp. (i), we get,

etV V

B volts/m i)
]Dg DId Il-:}gt %
mee, x
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Dielectric Stress in a Single Core
Cable

potential gradient will be maximum when x is minimum i.e., when x = d/2 or at the surface of
the conductor. On the other hand, potential gradient will be minimum at x = D/2 or at sheath

surface.

Bt = ~2 volgn [Putting x= /2 in exp. (ii)]
dlog, )

= 211‘,
Dlog,

D volts/m [Putting x = D{f2 inexp. {#1i)]
d

Eprin

_ v
ey _ dlog, DId
Eiin ) ......—.F.;E,,_
Dlog, D/ d

D
d
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9. Understand the concept of capacitance in
underground cable.

9.1 Describe the capacitance of single core cable.

9.2 Express the equation for capacitance of single core cable.
9.3 Solve problems on capacitance of single core cables.

9.4 Describe the capacitance of a three core underground cable.
9.5 Express the equation for the capacitance of three core cable.
9.6 Solve problems on capacitance of three core cable.

9.7 Describe the grading of cables.

9.8 Deduce the equation of gradin%aof cables. 9.9 Solve problems on
grading of cables of a single core cable.
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Capacitance of Single Core Cable:

Fig. 11,13
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€ = €,€, Where €, is the relative permittivity of the insulation.

Consider a cylinder of radius x metres and axial length 1 metre. The surface area of this cylinder
is=2mxX1=2mxm?

Electric flux density at any point P on the considered cylinder is

D = -*Q*Cfm2

% IR
Electric intensity at point P,

b9 0

€ 2mxe Z.Exsusr
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v I x 67 ﬂZﬂ:xeﬂE, 2ne, €, Bed

Capacitance of the cable is

c=2-pf@ _—®m

4 Ling L4 4
2rne,e, 7 d

2ne,e,

log (D d)

27 %8854 107" xe,
= F/m
2:303 logy (D/d)

= E!' ”_9
i g

If the cable has a length of | metres, then capacitance of the cable is

£
C= ik i)
41~4logmg
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Cable Grading
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10. Perceive the cable faults and their
localization.

10.1 List different types of cable faults.

10.2 Explain the causes of cable faults.

10.3 Describe different methods of locating cable faults.

10.4 Express the equation for locating the faults by Blavier test.

10.5 Express the equation for locating faults by Murray Loop test and Varley Loop test.

10.6 Solve problems on locating faults of cable.
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Marrey loop Test For finding Location Of
Faults In Underground Cables (ground fault)

Test End Far End
| R
Al
P Sound Cable B
Low
(9] L resistance
‘/ K2 :
Connection
Q C F Faulty Cable D
- X —>»
Ki
]
B —
| —— Earth Fault
.............................
§-= Earth path
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Marry loop Test For finding Location Of Faults
In Underground Cables (short ckt fault)

Test End FarEnd
|< R
A
p Sound Cable B
Low
(0] | resistance
Kz z
Connection
Q C F Faulty Cable D
|4 X >
+ Short Circuit

Fault

':||||||
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Let,
R = Resistance of the conductor loop upto fault point F from the test end point A, i.e resistance

of portion AF.
X= Resistance in between two points Cand F.
note that, P, Q,R and X are the four arms of the Wheatstone bridge

Now, the switch K1 and K2 are closed respectively. Then the variable resistance P & Q are varied
till the galvanometer shows zero deflection. In the balance position of the bridge, we get

B 1
B E
P R

Or, =4 L= =41
Q %

P+ R+X

o, 2 .
Q X
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P+Q
r.LX —m (L . r+L. r)

L, =L (L.r+L.r)/r

L——ZL
P+Q

Here, L, = distance of fault point from the test end
= length of each cable

r=resistance per meter length
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Varly loop Test For finding Location Of Faults
In Underground Cables (ground fault)

Test End Far End

- R

Fet
M Sound Cahle B
. Lo
i “';"J —— reslstance

. Cnmechion
M | F: F FauleyCable o

i K L

+ Earth Faule
B -

3O
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Varly loop Test For finding Location Of Faults In
Underground Cables (short ckt fault)

Test End Far End
&5

—1 Sound Cable e
M & Kaar
ol I ;" rEeisEamoe
'I |
C ErhiEn
i = | ﬁ F FauliyCable i
| =

5 -~ N
* Sheore Circuic
— Fauilt

Fauty Cable

= [
T H:_E ‘ /
I |
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The key K, is first connected to position 1, now the variable resistance S is
varied till the galvanometer shows zero deflection. Let, the resistance of the

variable resistance is S; when galvanometer shows zero deflection. Then we
can write

P R
Q@ X+5

e RiELE

g Xis,
R+X)—PS
X:giii—i ........................................ (i)
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Now the switch K, is position 2. Then the variable resistance S is varied till
the galvanometer shows zero deflection. Let , the resistance of the variable
resistance is S, ,when galvanometer shows zero deflection.

P R
g X5

Or, (B LD =P8 s s s (i)
From eqs. (i)and (ii),we get,

¥ = PG:S1)
P+Q

The value of P,Q,S1 and S2 are known , we can easily get the value of loop
resistance.
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P

So, the Loop resistance = R+ X = - So

If the resistance of the cable per meter length is r,
Then the distance of fault form the test end is
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14. Understand the grid system.

14. Understand the grid system.

14.1 Describe grid system.

14.2 Explain in brief the necessity of grid system.
14.3 List different types of grid system.

14.4 |dentify the advantages of grid system.

14.5 Outline the grid system of Bangladesh.

14.6 Outline the grid system of some advance countries.
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Types of Electrical Grid

1.Regional Grid - The Regional grid is formed by
interconnecting the different transmission system of a
particular area through the transmission line.

2.National Grid - It is formed by interconnecting the
different regional grid
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Advantages of grid system

(i) Exchange of peak loads

°If the load curve of a power station shows a peak demand that is greater than the rated capacity
of the plant, then the excess load can be shared by other stations interconnected with it.

(2) Use of Older Plants:

*The interconnected grid system makes it possible to use the older and less efficient plants to
carry peak loads of short duration.

(3) Ensures economical operation:

*The interconnected grid system makes the operation of concerned power stations quite
economical.
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