


 Industry requires vast amount of energy such as hydro,
thermal, oil for transportation and industry, natural
gas for domestic of which electrical energy forms a
major fraction

 Hydro-electric and coal or oil-fired stations are located
very far from load centers for various reasons which
requires the transmission of the generated electric pow
er over very long distances. This requires very high
voltages for transmission.



















 In the past few years, under power transmission systems we have
observed that HVDC has increased its importance by proving itself a
better mode of power delivery than various EHV AC systems.

 Here mild study upon various parameters that exists in both the
systems and concluding with a comparative result obtained after the
study at various distances.

 Basically we are focusing upon the cumulative loss that takes place in
both the modes at various locations. The areas where we are going to
focus the comparison are as follows

Construction

Electrical parameters

Environmental impacts



 In a general, the design of the transmission lines and the

related investment costs are of great importance.

 The aim focus is on the differences in the design of line

insulation and conductor configuration, and its influence on

the mechanical loads. For the line insulation, air clearance

requirements are more critical with EHVAC due to the

nonlinear behavior of the switching overvoltage withstand.

 The corona effects are more pronounced at AC voltage;

therefore, larger conductor bundles are needed at higher

system voltages..



 The altitude effects are more important to HVDC lines, 
since the lightning overvoltage withstand is the most 
sensitive insulation parameter with regard to air density.

 The mechanical load on the tower is considerably lower 
with HVDC due to less number of sub conductors 
required to fulfill the corona noise limits

 The high transmission capacity of the HVDC lines,
combined with lower requirements on conductor
bundles and air clearances at the higher voltage levels,
makes the HVDC lines very cost efficient compared to
EHVAC lines over large distances.

 The cost advantage is even more pronounced at the
highest voltage levels.



 P = Es Er sin δ/(L.x) 

where P = power in MW, 3-phase,

Es, Er = voltages at the sending-end and receiving end, 
respectively, in kV line-line,

δ = phase difference between Es and Er, 

x = positive-sequence reactance per phase, ohm/km, and

L = line length, km. 





The power-handling capacity of a single circuit is 

P = E2 sin d /Lx.  

At unity power factor, at the load P, the current 
flowing is I = E sin δ / 3 

and the total power loss in the 3-phases will 
amount to p = 3I2rL = E2. sin2 δ.r/Lx2 

Therefore, the percentage power loss 

%p = 100 p/P = 100. sin δ .(r/x) 





 The following important and useful conclusions 
can be drawn for preliminary understanding of 
trends relating to power-handling capacity of a.c. 
transmission lines and line losses. 

 One 750-kV line can normally carry as much 
power as four 400-kV circuits for equal distance of 
transmission. 

 One 1200-kV circuit can carry the power of three 
750-kV circuits and twelve 400-kV circuits for the 
same transmission distance. 

 Similar such relations can be found from the table. 

 The power-handling capacity of line at a given 
voltage level decreases with line length, being 
inversely proportional to line length L. 



 Example :A power of 12,000 MW is required to be
transmitted over a distance of 1000km. At voltage
levels of 400 kV, 750 kV, 1000 kV, and 1200 kV,
determine:

(1) Possible number of circuits required with equal 
magnitudes for sending and receiving end voltages 
with 30° phase difference; 

(2) The currents transmitted; and 

(3) The total line losses. 

Assume the values of x given in Table Omit series-capacitor 

compensation. 





cost



Three types of vibration are recognized as being
important for e.h.v. conductors, their degree of severity
depending on many factors, chief among which are:

(a) conductor tension 

(b)span length

(c) conductor size

(d) type of conductor

(e) terrain of line

(f) direction of prevailing winds

(g) type of supporting clamp of conductor-insulator assemblies 
from the tower

(h) tower type 

(i) height of tower

(j) type of spacers and dampers and 

(k) the vegetation in the vicinity of line 



The types of vibration are

(1) Aeolian Vibration 

(2) Galloping and 

(3) Wake-Induced Oscillations. 

The first two are present for both single-and multi-
conductor bundles, while the wake-induced oscillation is
confined to a bundle only.



When a conductor is under tension and a comparatively steady
wind blows across it, small vortices are formed on the leeward
side called Karman Vortices (which were first observed on aircraft
wings). These vortices detach themselves and when they do
alternately from the top and bottom they cause a minute vertical
force on the conductor. The frequency of the forces is given by the
accepted formula

F = 2.065 v/d, Hz

Where

v = component of wind velocity normal to the conductor in km/ hour, and

d = diameter of conductor in centi metres

The resulting oscillation or vibrational forces cause fatigue of 
conductor and supporting structure and are known as aeolian
vibrations 

The frequency of vibration is usually limited to 20 Hz and the 
amplitudes less than 2.5 cm. 



 Galloping of a conductor is a very high amplitude,
low-frequency type of conductor motion and occurs
mainly in areas of relatively flat terrain under freezing
rain and icing of conductors.

 The flat terrain provides winds that are uniform and of
a low turbulence. When a conductor is iced, it presents
an unsymmetrical cross-section with the windward
side having less ice accumulation than the leeward side
of the conductor.

 When the wind blows across such a surface, there is an
aerodynamic lift as well as a drag force due to the
direct pressure of the wind. the two forces give rise to
torsional modes of oscillation and they combine to
oscillate the conductor with very large amplitudes
sufficient to cause contact of two adjacent phases,
which may be 10 to 15 metres apart in the rest position.



 Galloping is induced by winds ranging from 15 to
50 km/hour, which may normally be higher than
that required for aeolian vibrations but there could
be an overlap.

 The conductor oscillates at frequencies between 0.1
and 1 Hz. Galloping is controlled by using
"detuning pendulums" which take the form of
weights applied 10

 At different locations on the span. Galloping may
not be a problem in a hot country like India where
temperatures are normally above freezing in
winter. But in hilly tracts in the North, the
temperatures may dip to below the freezing point



 The wake-induced oscillation is peculiar to a
bundle conductor, and similar to aeolian vibration
and galloping occurring principally in flat terrain
with winds of steady velocity and low turbulence.

 The frequency of the oscillation does not exceed 3
Hz but may be of sufficient amplitude to cause
clashing of adjacent sub- conductors, which are
separated by about 50 cm.

 Wind speeds for causing wake- induced
oscillation must be normally in the range 25 to 65
km/hour



 When the wind energy imparted to the conductor achieves a
balance with the energy dissipated by the vibrating
conductor, steady amplitudes for the oscillations occur.

 A damping device helps to achieve this balance at smaller
amplitudes of aeolian vibrations than an undamped
conductor.

 A simpler form of damper is called the Armour Rod, which
is a set of wires twisted around the line conductor at the
insulator supporting conductor and hardware, and
extending for about 5 metres on either side.

 This is used for small conductors to provide a change in
mechanical impedance. But for heavier conductors, weights
must be used, such as the Stockbridge, which range from
5kg for conductors of 2.5 cm diameter to 14 kg for 4.5 cm.
Because of the steel strands inside them ACSR conductors
have better built-in property against oscillations than ACAR
conductors



 Conductors used for e.h.v. transmission lines are
always stranded. Most common conductors use a steel
core for reinforcement of the strength of aluminium,
but recently high tensile strength aluminium is being
increasingly used, replacing the steel.

If ns = number of strands of aluminium

ds = diameter of each strand in metre and

ρa =specific resistance of Al ohm-m,

at temperature t

Resistance of the stranded conductor per km is

R = ρa 1.05 × 103 /( 2 /4πds
2ns )= 1337ρa ds

2ns , ohms













Li=µoµr /8π

For a non-magnetic material, μr = 1. 

With μ0 = 4π× 10–7 H/m

The inductance due to internal flux linkage is

Li=0.05µ Henry/meter for μr =1



Under balanced operating conditions of a transmission line,
ground-return currents do not flow. However, many
situations occur in practice when ground currents have
important effect on system performance. Some of these are:

(a) Flow of current during short circuits involving ground.
These are confined to single line to ground and double line
to ground faults. During three phase to ground faults the
system is still balanced;

(b) Switching operations and lightning phenomena;
(c) Propagation of waves on conductors;
(d) Radio Noise studies.

The ground-return resistance increases with frequency of the
current while the inductance decreases with frequency


