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Abstract

Long extra high voltage (EHV) ac lines cannot
be loaded to their thermal limits in order to
keep sufficient margin against transient
instability. With the scheme proposed in this
project, it is possible to load these lines very
close to their thermal limits. The conductors
are allowed to carry usual ac along with dc
superimposed on it.

The added dc power flow does not cause any
transient instability. This paper gives the
feasibility of converting a double circuit ac
line into composite ac—dc power transmission
line to get the advantages of parallel ac-dc
transmission to improve stability and
damping out oscillations. Simulation and
experimental studies are carried out for the
coordinated control as well as independent
control of ac and dc power transmissions. No
alterations of conductors, insulator strings,
and towers of the original line are needed.
Substantial gain in the load ability of the line
is obtained. Master current controller senses
ac current and regulates the dc current orders
for converters online such that conductor
current never exceeds its thermal limit.
Keywords: Flexible ac transmission system
(FACTYS), Extra high voltage
(EHV)transmission, power system
computer-aided
design(PSCAD),Simultaneous ac-dc power
transmission.

I. INTRODUCTION

In recent years, environmental, right-of-way,
and cost concerns have delayed the construction
of a new transmission line, while demand of
electric power has shown steady but

geographically uneven growth. The power is
often available at locations not close to the
growing load centers but at remote locations.
These locations are largely determined by
regulatory policies, environmental acceptability,
and the cost of available energy. The wheeling of
this available energy through existing long ac
lines to load centers has a certain upper limit due
to stability considerations. Thus, these lines are
not loaded to their thermal limit to keep
sufficient margin against transient instability.
The present situation demands the review of
traditional power transmission theory and
practice, on the basis of new concepts that allow
full utilization of existing transmission facilities
without decreasing system availability and
security. The flexible ac transmission system
(FACTS) concepts, based on applying state-of-
the-art power electronic technology to existing
ac transmission system, improve stability to
achieve power transmission close to its thermal
limit,

The basic proof justifying the simultaneous ac—
dc power transmission is explained in an [EEE
paper “Simultaneous ac-dc power transmission,”
by K. P. Basu and B. H. Khan. In the above
reference, simultaneous ac-dc  power
transmission was first proposed through a single
circuit ac transmission line. In these proposals
Mono-polar dc transmission with ground as
return path was used. There were certain
limitations due to use of ground as return path.
Moreover, the instantaneous value of each
conductor voltage with respect to ground
becomes higher by the amount of the dc voltage,
and more discs are to be added in each insulator
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string to withstand this increased voltage.
However, there was no change in the conductor
separation distance, as the line-to-line voltage
remains unchanged. In this paper, the feasibility
study of conversion of a double circuit ac line to
composite ac—dc line without altering the
original line conductors, tower structures, and
insulator strings has been presented.

2 Problem Definition:-

The main object of my paper is to show that by
superimposing DC in AC transmission, the
capacity of the transmission line can be increased
by nearly 70 % of that if only AC is transmitted.
In our existing transmission system, long extra
high voltage (EHV) ac lines cannot be loaded to
their thermal limits in order to keep sufficient
margin against transient instability. With the
scheme proposedin this project, it is possible to
load these lines very close to their thermal limits.
The conductors are allowed to carry usual ac
along with dc superimposed on it.

3 Literature Survey:-

This report presents the Power Upgrading of
Transmission line by combining AC and DC
transmission.

The flexible ac transmission system (FACTS)
concepts, based on applying state-of-the-art
power electronic technology to existing ac
transmission system, improve stability to
achieve power transmission close to its thermal
limit [1]-[4]. Another way to achieve the same
goal is simultaneous ac—dc power transmission
in which the conductors are allowed to carry
superimposed dc current along with ac current.
Ac and dc power flow independently, and the
added dc power flow does not cause any transient
instability.

The authors, H. Rahman and B. H. Khan, of this
paper have earlier shown that extra high voltage
(EHV) ac line may be loaded to a very high level
by using it for simultaneous ac—dc power
transmission as reported in references [5] and
[6]. The basic proof justifying the simultaneous
ac—dc power transmission is explained in
reference [6]. In the above references,
simultaneous ac—dc power transmission was first
proposed through a single circuit ac transmission
line. In these proposals Mono-polar dc
transmission with ground as return path was
used. There were certain limitations due to use
of ground as return path. Moreover, the
instantaneous value of each conductor voltage
with respect to ground becomes higher by the

amount of the dc voltage, and more discs are to
be added in each insulator string to withstand
this increased voltage. However, there was no
change in the conductor separation distance, as
the line-to-line voltage remains unchanged.

In this paper, the feasibility study of conversion
of a double circuit ac line to composite ac—dc
line without altering the original line conductors,
tower structures, and insulator strings has been
presented. In this scheme, the dc power flow is
point-to point bipolar transmission system.
Clericiet al. [7] suggested the conversion of ac
line to dc line for substantial power upgrading of
existing ac line. However, this would require
major changes in the tower structure as well as
replacement of ac insulator strings with high
creepage dc insulators. The novelty of our
proposed scheme is that the power transfer
enhancement is achieved without any alteration
in the existing EHV ac line. The main object is
to gain the advantage of parallel ac—dc
transmission and to load the line close to its
thermal limit.

4 Existing Transmission Issues and

Solution

4.1 High Voltage DC Transmission:

4.1.1 Introduction:-

It has been widely documented in the history of
the electricity industry, that the first commercial
electricity generated (by Thomas Alva Edison)
was direct current (DC) electrical power. The
first electricity transmission systems were also
direct current systems. However, DC power at
low voltage could not be transmitted over long
distances, thus giving rise to high voltage
alternating current (AC) electrical systems.
Nevertheless, with the development of high
voltage valves, it was possible to once again
transmit DC power at high voltages and over
long distances, giving rise to HVDC
transmission systems. Since the first commercial
installation in 1954 a huge amount of HVDC
transmission systems have been installed around
the world.

In today electricity industry, in view of the
liberalization and increased effects to conserve
the environment, HVDC solutions have become
more desirable for the following reasons:
Environmental advantages

Economical (cheapest solution)
Asynchronous interconnections

Power flow control

Added benefits totransformers.

Ok wO =
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4.1.2 Inherent problems associated with
HVDC:

(a) Expgnsive converters:

Expensive Converter Stations are required at
each end of a D.C. transmission link, whereas
only transformer stations are required in an A.C.
link.

(b) Reactive power requirement:

Converters require much reactive power, both in
rectification as well as in inversion. At each
converter the reactive power consumed may be
as much at 50% of the active power rating of the
D.C. link. The reactive power requirement is
partly supplied by the filter capacitance, and
partly by synchronous or static capacitors that
need to be installed for the purpose.

(c) Generation of harmonics:

Converters generate a lot of harmonics both on
the D.C. side and on the A.C. side. Filters are
used on the A.C. side to reduce the amount of
harmonics transferred to the A.C. system. On the
D.C. system, smoothing reactors are used. These
components add to the cost of the converter.

(d) Difficulty of circuit breaking:

Due to the absence of a natural current zero with
D.C., circuit breaking is difficult. This is not a
major problem in single HVDC link systems, as
circuit breaking can be accomplished by a very
rapid absorbing of the energy back into the A.C.
system. (The blocking action of thyristors is
faster than the operation of mechanical circuit
breakers). However the lack of HVDC circuit
breakers hampers multi-terminal operation.

(e) Difficulty of voltage transformation:

Power is generally used at low voltage, but for
reasons of efficiency must be transmitted at high
voltage. The absence of the equivalent of D.C.
transformers makes it necessary for voltage
transformation to carried out on the A.C. side of
the system and prevents a purely D.C. system
being used.

(f) Difficulty of high power generation:

Due to the problems of commutation with D.C.
machines, voltage, speed and size are limited.
Thus comparatively lower power can be
generated with D.C.

(g) Absence of overload capacity:

Converters have very little overload capacity
unlike the transmission (stability, power quality
etc.)

4.2 High Voltage AC Transmission

4.2.1 Introduction:-

Industrial-minded countries of the world require
a vast amount of energy of which electrical
energy forms a major fraction. The world has
already consumed major portion of its natural
resources and is looking for sources of energy
other than Hydro and Thermal to cater for the
rapid rate of consumption which is outpacing the
discovery of new resources. This will not slow
down with time and therefore there exists a need
to reduce the rate of annual increase in energy
consumption by any intelligent society if
resources have to be preserved for posterity. This
requires very high voltages for transmission. The
very rapid stride taken by development of dc
transmission since 1950 is playing a major role
in extra-long-distance transmission,
complementing or supplementing E.H.V. ac
transmission. They have their roles to play and a
country must make intelligent assessment of both
in order to decide which is best suited for the
country's economy.

4.2.2 Problems posed in using such HVAC are
encountered as:-

(a) Increased Current Density because of
increase in line loading by using series
capacitors.

(b) Use of bundled conductors.

(c) High surface voltage gradient on
conductors.

(d) Corona problems: Audible Noise,
Radio Interference, Corona Energy Loss, Carrier
Interference, and TV Interference.

(e) High electrostatic field under the

line. (f) Switching Surge Over voltage’s

which
cause more havoc to air-gap insulation than
lightning or power frequency voltages.

(9) Increased Short-Circuit currents and
possibility of Ferro resonance conditions.

(h) Use of gapless metal-oxide arresters

replacing the conventional gap-type Silicon
Carbide arresters, for both lightning and
switching-surge duty.
(i) Shunt reactor compensation and use of series
capacitors, resulting in possible sub synchronous
resonance conditions and high short circuit
currents.

(J) Insulation coordination based upon
switching impulse levels.

(k) Single-pole reclosing to improve
stability, but causing problems with arcing.

4.3 Proposed System (Simultaneous AC-DC
Power Transmission):-
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With the scheme proposed in this thesis, it is
possible to load the transmission lines very close
to their thermal limits. The conductors are
allowed to carry usual ac along with dc
superimposed on it. The added dc power flow
does not cause any transient instability. This
thesis gives the feasibility of converting a double
circuit ac line into composite ac—dc power
transmission line to get the advantages of parallel
ac—dc transmission to improve stability and
damping out oscillations. No alterations of
conductors, insulator strings, and towers of the
original line are needed. Substantial gain in the
load ability of the line is obtained. In this thesis,
the feasibility study of conversion of a single
circuit ac line to composite ac—dc line without
altering the original line conductors and tower
structures has been presented.

4.3.1 Introduction:-

Fig. 1 depicts the basic scheme for simultaneous
ac— dc power flow through a double circuit ac
transmission line. The dc power is obtained
through line commutated 12-pulse rectifier
bridge used in conventional HVDC and injected
to the neutral point of the zigzag connected
secondary of sending end transformer and is
reconverted to ac again by the conventional line
commutated 12-pulse bridge inverter at the
receiving end. The inverter bridge is again
connected to the neutral of zig-zag connected
winding of the receiving end transformer.

The double circuit ac transmission line carriers
both three-phase ac and dc power. Each
conductor of each line carries one third of the
total dc current along with ac current. Resistance
being equal in all the three phases of secondary
winding of zig-zag transformer as well as the
three conductors of the line, the dc current is
equally divided among all the three phases.

The three conductors of the second line provide
return path for the dc current. Zig-zag connected
winding is used at both ends to avoid saturation
of transformer due to dc current. Two fluxes
produced by the dc current (Ia / 3) flowing
through each of a winding in each limb of the
core of a zig-zag transformer are equal in
magnitude and opposite in direction. So the net
dc flux at any instant of time becomes zero in
each limb of the core. Thus, the dc saturation of
the core is avoided. A high value of reactor Xa is
used to reduce harmonics in dc current. In the
absence of zero sequence and third harmonics or
its multiple harmonic voltages, under normal
operating conditions, the ac current flow through

each transmission line will be restricted between
the zig-zag connected windings and the three
conductors of the transmission line. Even the
presence of these components of voltages may
only be able to produce negligible current
through the ground due to high value of Xa.

1N /ji—_;;—;—g__lcfrﬁ:
= -
E'M:,!V-E R —/--Eléri'%

Figure: 4.1 Basic scheme for composite ac—dc
transmission

Assuming the usual constant current control of
rectifier and constant extinction angle control of
inverter as mentioned later, the equivalent circuit
of the scheme under normal steady-state
operating condition is given in Fig. 2. The dotted
lines in the figure show the path of ac return
current only. The second transmission line
carries the return dc current, and each conductor
of the line carries (Ia/ 3) along with the ac current
per phase and Varo and Vdio are the maximum
values of rectifier and inverter

side dc voltages and are equal to 3v " Z times
converter ac input line-to-line voltage. R, L and
C are the line parameters per phase of each line.
Rer and Rei are commutating resistances, and, o,
v are firing and extinction angles of rectifier and
inverter, respectively.

4.3.2 Proof with Equations:-

Neglecting the resistive drops in the line
conductors and transformer windings due to dc
current, expressions for ac voltage and current,
and for active and reactive powers in terms of A,
B, C, and D parameters of each line may be
written as

Es = AERr + Blr [4.1]

Is = CEr + DIr [4.2]
Ps+jQs=-EsEz/ B+ [D°EZ/B"] [4.3]
Pr+jQr=Erg:/B"- [A*E‘; /B*]  [4.4]

Neglecting ac resistance drop in the line and
transformer, the dc power Pdar and Pdi of each
rectifier and inverter are given by
Pdr=VdrId [4.5]
Pdi=Vdild [4.6]

Reactive powers required by the converters
are

er = Pqr tan Or
Qui = Pui tan 0i
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cosB, = |cosa + cos{r:.r + L__” 2 [49]

| p—

[4.10]

cosB, = |cosy+ cos(y +p,)|/2

where Xi and Xr are commutation angles of
inverter and rectifier, respectively, and total
active and reactive powers at the two ends are

= o] T3

Yot P [4.11]

Figure: 4.2 Equivalent Circuit
Transmission loss for each line is

P, = (Ps+ Py) — (Py+ Py,)

[4.13]

I. being the rms ac current per conductor at any
point of the line, the total rms current per
conductor becomes

=12+ (13/3)*]*"?

Power loss for each line = PL==31° 7%

The net current ’I’ in any conductor is offseted
from zero. In case of a fault in the transmission
system, gate signals to all the SCRs are blocked
and that to the bypass SCRs are released to
protect rectifier and inverter bridges. The current
in any conductor is no more offseted. Circuit
breakers (CBs) are then tripped at both ends to
isolate the faulty line. CBs connected at the two
ends of transmission line interrupt current at
natural current zeroes, and no special dc CB is
required. Now, allowing the net current through
the conductor equal to its thermal limit Ii.

f:_ - '1’; 1 [-I_;,":,-'s‘\:i“ 2

[4.14]

Let ¥ ... be per-phase rms voltage of original ac
line. Let also ¥ be the per-phase voltage of ac
component of composite ac—dc line with dc
voltage V- superimposed on it. As insulators
remain unchanged, the peak voltage in both cases

should be equal to

Vg = \_2‘\.';-_,_ = V3T \E‘»'J

[4.15]

Electric field produced by any conductor
possesses a dc component superimpose on it a

sinusoidal varying ac component. However, the
instantaneous electric field polarity changes its
sign twice in a

cycleif ( %-e/ V. )< v /2 is insured.

Therefore,

higher creepage distance requirement for

insulator discs used for HVDC lines are not

required. Each

conductor is to be insulated for Vmax, but the line-

to-line voltage has no dc component and
.Therefore,

Viimex = V6V, to-

LLmax

conductor-

conductor separation distance of each line is
determined only by rated ac voltage of the line.
Allowing maximum permissible voltage offset
such that the composite voltage wave just
touches zero in each every cycle;

The total power transfer through the double circuit
line before conversion is as follows

~ AVZ cin R r
Peotal ¥ 3Vppsino, /X

[4.17]
where ‘X’ is the transfer reactance per phase of
the single circuit line, and &- - is the power angle
between the voltages at the two ends. To keep
sufficient stability margin, ¢- = is generally kept
low for long lines and seldom exceeds 30°. With
the increasing length of line, the load ability of
the line is decreased. An approximate value of
S_% may be computed from the loadability
curve by knowing the values of surge impedance
loading (SIL) and transfer reactance of the line
P = 2. M.SIL

[4.18]

Where M is the multiplying factor and its
magnitude decreases with the length of line. The
value of M can be obtained from the loadability
curve.

The total power transfer through the composite
line

X +2V= 1 [4.19]

The power angle & - between the ac voltages at
the two ends of the composite line may be
increased to a high wvalue due to fast
controllability of dc component of power. For a
constant value of total power, #.. may be
modulated by fast control of the

current controller of dc power converters.
Approximate value of ac current per phase per
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circuit of the double circuit line may be
computed as

I, =V(sind/2)/X

[4.20]

The rectifier dc current order is adjusted

online as

],

d

=3 (12 —I2.

\

[4.21]

Preliminary qualitative analysis suggests that
commonly used techniques in HVDC/AC
system may be adopted for the purpose of the
design of protective scheme, filter, and
instrumentation network to be used with the
composite line for simultaneous ac—dc power
flow. In case of a fault in the transmission
system, gate signals to all the SCRs are blocked
and that to the bypass SCRs are released to
protect rectifier and inverter bridges. CBs are
then tripped at both ends to isolate the complete
system.
A surge diverter connected between the zig-zag
neutral and the ground protects the converter
bridge against any over voltage.

5 Simulation:-
5.1 Simulink Model Using AC
Transmission:-

Figure: 6.1 Simulink model using AC
Transmission
5.2 Simulink Model Using AC -DC
Transmission:-

Using (17)—(20), the computed power at
receiving end and conductor current is
Pliotal =1124.2 MW

Iphvekt = 0.803 kKA.

6.2 Both AC-DC Configuration:-

TABLE |
Contperriay REsULTS

49 [ 15435 (114944 113,70

DIW)

6.2 Simulated Results

7 Conclusion and Future Scope

7.1 Conclusion

The feasibility to convert ac transmission line to
a composite ac—dc line has been demonstrated.
For the particular system studied, there is
substantial increase (about 83.45%) in the
loadability of the line. The line is loaded to its
thermal limit with the superimposed dc current.
The dc power flow does not impose any stability
problem. The advantage of parallel ac—dc
transmission is obtained. D¢ current regulator
may modulate ac power flow. There is no need
for any modification in the size of conductors,
insulator strings, and towers structure of the
original line. The optimum values of ac and dc
voltage components of the converted composite
line are 1/2 and 1/N2 times the ac voltage before
conversion, respectively.

7.2 Future Scope

In this paper, it is shown that by injecting DC
power in AC power transmission lines, we can
improve the transmission capacity of the line by
2 to 4 times without altering the physical
equipment. This work can be extended for
analyzing the effect of faults on this type of
transmission. This work is done on double circuit

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-3, ISSUE-7, 2016, DOI:10.21276/ijcesr

81



INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (1JCESR)

AC transmission lines but it can be extended to
other types of transmission methods.
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