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Abstract — A high-voltage, direct current (HVDC) electric 

power transmission system uses direct current for the bulk 

transmission of electrical power, in contrast with the more 

common alternating current systems. For long-distance 

transmission, HVDC systems may be less expensive and 

suffer lower electrical losses. Originally developed in the 

1930s, HVDC technology is only really suited to long-range 

transmission. This is because of the static inverters that must 

be used to convert the energy to DC for transmission. These 

are expensive devices, both in terms of capital cost and 

energy losses. With contemporary HVDC technology, 

energy losses can be kept to about 3% per 1000km.. This 

could be different national grids running on different 

frequencies; it could be different grids on the same 

frequency with different timing; finally, it could be the 

multiple unsynchronized AC currents produced by 

something like a field of wind turbines. 

I. INTRODUCTION 

The High Voltage Direct Current Transmission are used for 

transfer of electric power over a long distance in remote 

places. The HVDC link are considered better over the 

HVAC links because of the several reasons discussed below. 

High-voltage AC transmission links have disadvantages, 

which may compel a change to DC technology: 

1) Inductive and capacitive elements of overhead lines and 

cables put limits to the transmission capacity and the 

transmission distance of AC transmission links.  

2) This limitation is of particular significance for cables. 

Depending on the required transmission capacity, the 

system frequency and the loss evaluation, the achievable 

transmission distance for an AC cable will be in the 

range of 40 to 100 km. It will mainly be limited by the 

charging current.  

3) Direct connection between two AC systems with 

different frequencies is not possible.  

4) Direct connection between two AC systems with the 

same frequency or a new connection within a meshed 

grid may be impossible because of system instability, too 

high short-circuit levels or undesirable power flow 

scenarios.  

Therefore the development of a technology for DC 

transmissions as a supplement to the AC transmission was 

taken into consideration by the researchers and engineers. 

Initially, the mercury valves were used to make line-

commuted current sourced convertors for the HVDC links. 

Then with development of thyristor, better control over the 

links was possible. Then comes the thyristors with higher 

current and voltage ratings eliminated the need of the 

parallel and series connections and hence reduced the size 

and improves the control of the convertors. 

The advantages of a DC link over an AC link are: 

1) A DC link allows power transmission between AC 

networks with different frequencies or networks, which 

cannot be synchronized, for other reasons.  

2) Inductive and capacitive parameters do not limit the 

transmission capacity or the maximum length of a DC 

overhead line or cable. The conductor cross section is 

fully utilized because there is no skin effect.  

For a long cable connection, e.g. beyond 40 km, HVDC will 

in most cases offer the only technical solution because of the 

high charging current of an AC cable. This is of particular 

interest for transmission across open sea or into large cities 

where a DC cable may provide the only possible solution. 

1) A digital control system provides accurate and fast 

control of the active power flow.  

2) Fast modulation of DC transmission power can beused to 

damp power oscillations in an AC grid and thus improve 

the system stability.  

Considering economic and environmental factors, the 

HVDC still stand above the HVAC link. 

The cost of HVDC and HVAC are calculated over the 

following factors for a link for 100km; 

 AC vs. DC station terminal costs 

 AC vs. DC line costs 

 AC vs. DC capitalised value of losses 

The total cost of the HVDC is found to be very less as 

compared to the HVAC. 

In the project we are using mono-polar long distance 

transmission convertors. For very long distances and in 

particular for very long sea cable transmissions, a return 

path with ground/sea electrodes will be the most feasible 

solution. 

 
Fig. 1 

HVDC converters are usually built as 12-pulse circuits. This 

is a serial connection of two fully controlled 6-pulse 

converter bridges and requires two 3-phase systems which 
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are spaced apart from each other by 30 electrical degrees. . 

The phase difference effected to cancel out the 6-pulse 

harmonics on the AC and DC side. 

 
Fig. 2: Arrangement of valve branches in 12-pulse 

II. MAIN COMPONENTS IN HVDC 

1) Thyristor valves. 

The thyristor valves make the conversion from AC into 

DC and thus are the central component of any HVDC 

converter station. The thyristor valves are of the indoor 

type and air-insulated. 

2) Convertor Transformer. 

The converter transformers transform the voltage of the 

AC busbar to the required entry voltage of the converter. 

The 12-pulse converter requires two 3-phase systems 

which are spaced apart from each other by 30 or50 

electrical degrees. This is achieved by installing a 

transformer on each network side in the vector groups 

Yy0 and Yd5. At the same time, they ensure the voltage 

insulation necessary in order to make it possible to 

connect converter bridges in series on the DC side, as is 

necessary for HVDC technology. 

3) Functions of the Smoothing Reactor 

 Prevention of intermittent current. 

 Limitation of the DC fault currents. 

 Prevention  of  resonance  in  the  DC circuit.

 Reducing harmonic currents including.Limitation 

of telephone interference. 

4) Harmonic filters.  

The filter arrangements on the AC side of an HVDC 

converter station have two main duties: 

 to absorb harmonic currents generated by the HVDC 

converter and thus to reduce the impact of the harmonics 

on the connected AC systems, like AC voltage distortion 

and telephone interference 

 to supply reactive power for compensating the demand 

of the converter station. 

5) Surge Arrestors. 

The main task of an arrester is to protect the equipment from 

the effects of over voltages. During normal operation, it 

should have no negative effect on the power system. 

Moreover, the arrester must be able to withstand typical 

surges without incurring any damage. 

6) DC Transmission line.  

7) Control and Protection.  

Main objectives for the implementation of the HVDC 

control system are reliable energy transmission which 

operates highly efficient and flexible energy flow that 

responds to sudden changes in demand thus contributing to 

network stability. 

III. DESCRIPTION OF HVDC TRANSMISSION SYSTEM 


Fig

The section illustrates modelling of a high-voltage direct 

current (HVDC) transmission link using 12-pulse thyristor 

converters. Perturbations are applied to examine the system 

performance. 

A 1000 MW (500 kV, 2 kA) DC interconnection is used to 

transmit power from a 500 kV, 5000 MVA, 60 Hz system to 

a 345 kV, 10000 MVA, 50 Hz system. The AC systems are 

represented by damped L-R equivalents with an angle of 80 

degrees at fundamental frequency (60 Hz or 50 Hz) and at 

the third harmonic. 

The rectifier and the inverter are 12-pulse converters using 

two Universal Bridge blocks connected in series. The 

converters are interconnected through a 300-km line and 0.5 

H smoothing reactors. 

The converter transformers (Wye grounded/Wye/Delta) are 

modelled with Three-Phase Transformer (Three-Windings) 

blocks. From the AC point of view, an HVDC converter acts 

as a source of harmonic currents. From the DC point of 

view, it is a source of harmonic voltages. 


Fig. 4 
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
Fig. 5 

The order n of these characteristic harmonics is related to 

the pulse number p of the converter configuration: n = kp ± 

1 for the AC current and n = kp for the direct voltage, k 

being any integer. In the example, p = 12, so that injected 

harmonics on the AC side are 11, 13, 23, 25, and on the DC 

side are 12, 24. 

AC filters are used to prevent the odd harmonic currents 

from spreading out on the AC system. The filters are 

grouped in two subsystems. These filters also appear as 

large capacitors at fundamental frequency, thus providing 

reactive power compensation for the rectifier consumption 

due to the firing angle α. For α = 30 degrees, the converter 

reactive power demand is approximately 60% of the power 

transmitted at full load. Inside the AC filters subsystem, the 

high Q (100) tuned filters at the 11th and 13th harmonics 

and the low Q (3), or damped filter, used to eliminate the 

higher order harmonics, e.g., 24th and up. Extra reactive 

power is also provided by capacitor banks. 

IV. REFERENCE 

[1] Arrilaga, J., High Voltag e Direct Current Transmission, 

IEEE® Powe r Engineering Series 6, Peter Peregrinu s, 

Ltd., 1983.  

[2] Lidong Zhang, Lars Dofnas, "A Novel Method to 

Mitigate Commutati on Failures in HVDC Systems," 

Proc eedings PowerCon 2002. International Co nference 

on, http://www.mathworks.in/help/toolbox/physmod 

/powersys/ug/f8-8739.html 

[3] Siemens’ “High Voltage Direct Current Transmission”, 

http://www.siemens.com/energy/hvdc  


