
 

    

    ISSN (Print)  : 2320 – 3765 

    ISSN (Online): 2278 – 8875 

International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

               Vol. 4, Issue 12, December 2015 
 

Copyright to IJAREEIE                                                    DOI:10.15662/IJAREEIE.2015.0412012                                                 9477 

Review: Reduction of Harmonic Losses in 

HVDC Converter Transformer 

Jayesh U. Kothavade
1
, Prof. M. R. Bachawad

2
 

PG Student [EMD], Dept. of EE, Government College of Engg, Aurangabad, Maharashtra, India
1
 

Assistant Professor, Dept. of EE, Government College of Engg, Aurangabad, Maharashtra, India 
2
 

 
ABSTRACT:A high-voltage direct current (HVDC) electric power transmission system uses direct current for the bulk 

transmission of electrical power over a long distance and our basic requirement of transmitting large amount of power 

over a long distance with minimum losses.  The converter transformer is an integral part of an HVDC system. The 

major loss in the converter transformer is a harmonic loss. This paper presents review in literature of converter 

transformer based on HVDC system. Traditional converter transformer produces more harmonic current. So to 

overcome the existing problem of the traditional converter transformer, new converter transformer and an inductive 

filtering method are presented in this paper. 
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I. INTRODUCTION 

 

In the recent day the power demand is continuously increasing with small increase in power generation. So we require 

meeting the growing demand with low losses power transmission system. 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 (AC) systems. For long-distance transmission, HVDC systems may 

be less expensive and suffer lower electrical losses. For underwater power cables, HVDC avoids the heavy currents 

required to charge and discharge the cable capacitance each cycle. For shorter distances, the higher cost of DC 

conversion equipment compared to an AC system may still be justified, due to other benefits of direct current links. 

HVDC allows power transmission between unsynchronized AC transmission systems. Since the power flow through an 

HVDC link can be controlled independently of the phase angle between source and load, it can stabilize a network 

against disturbances due to rapid changes in power. HVDC also allows transfer of power between grid systems running 

at different frequencies, such as 50 Hz and 60 Hz. This improves the stability and economy of each grid, by allowing 

exchange of power between incompatible networks. The HVDC system mainly contains generating station, converter 

transformer, converters, dc line and inverter station. Converter transformers react as coupling elements between the 

connected AC grids and high power rectifiers, also these transformers are necessary for adapting the voltage.  

HVDC transmission system is mainly used for transmitting power over a long distance with low losses. Generally most 

of the losses occur due to the harmonics which are produced in the converter transformer. Due to these harmonic losses 

may cause malfunction and overheating of the electrical equipments such as the transformers, generators and electrical 

machines [1]. The objective of this paper is to provide an overview of converter transformer and reduce the harmonic 

losses which are produced in the transformer. 

 

II.CONVERTER TRANSFORMER 

 

Converter transformer is an integral part of the HVDC system. It acts as a coupling element between the connected AC 

grids and high power rectifiers. They insulate the rectifier itself from the AC grid and generate a phase shift. New 

HVDC applications are seen between existing, well-established networks.  
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Converter Transformer used in HVDC system for: 

 Supply of AC voltages into two separate circuits feeding the rectifier bridges with a phase shift of 30 electrical 

degrees for reduction of low order harmonics esp. 5th & 7th harmonics. 

 As a galvanic barrier between AC and DC systems to prevent DC potential entering into the AC system 

 Reactive Impedance in the AC supply to reduce short circuit currents and to control the rate of rise in valve 

current during commutation. 

 Voltage transformation between the AC supply and the HVDC system. 

 A fairly large tap range with small steps to give necessary adjustments in supply voltage. 

 

 Fig 1 shows the location of the converter transformer. In which primary winding of converter transformer is 

connected to the source i.e generating station and secondary winding connected to the converter. 

 

 
Fig1:Schematic Diagram of HVDC System 

Main Components of the Converter Transformer: 

1) Core: HVDC transformers are normally single phase transformers, whereby the valve windings for the star 

and delta connection are configured either for one core with at least two main limbs or separately for two cores 

with at least one main limb, depending on the rated power and the system voltage. 

2) Windings: Generally converter transformer is a three winding transformer in which primary winding is star 

winding and secondary winding i.e. valve winding is star and delta connected. Valve winding contains high 

insulation level. 

 

 

Fig 2: Converter Transformer 
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Ake Carlson et. al.[2] gives the information various functions of converter transformer, transformer connection also 

gives the information of the losses. The losses are present in the converter transformer are of two types RI
2
 loss and 

stray loss. Stray loss contains harmonic losses which are harmful for the transformer and this loss is very dominant 

loss. Xuan Wang et. al. [3] analyses the various test performed on the converter transformer for the ordinate insulation 

level and gives information about the working principle of converter transformer. Bendapudi S. Ram et. al.[4] gives the 

information of the effect of harmonic losses on the converter transformer. In this method IEC 146 method is used for 

the calculation of harmonic losses. This paper analyses various parameter variation with the load loss i.e the parameters 

are harmonic number, firing angle and transformer reactance. As the harmonic value increases the load loss decreases 

i.e. 23
rd

 to 49
th

 harmonics contributing less than 1% to the load loss. It also analyses, with the increase in firing angle 

load loss also increases so normal firing angle being 18
o
. J. Alan C. Forrest et. al.[5] in the previous paper transformer 

reactance are not taken into the consideration for the calculation of the load losses. With the consideration of 

transformer reactance it has been possible to obtain a more accurate harmonic loss factor. Longfu Luo et. al. [6] uses 

new converter transformer and an inductive filtering method to solve the existing problem of the traditional 

transformer. 

The traditional HVDC ac passive power filters (PPF) for the harmonic suppression purpose. Due to this harmonics 

causes series of problems, such as additional harmonic loss, heat, vibration and noise. But the active power filter (APF) 

has better filtering effect than passive power filter (PPF). APF needs a complex regulation and control system, 

especially a large power harmonic-generating source, which is inapplicable in current HVDC transmission system [7]-

[9]. Traditional converter transformer adopts star/star/ delta wiring and ac filter are placed at a transformer’s primary 

side. 

Disadvantages of traditional converter transformer, 

1) A three-phase bridge converter usually generates 6k ± 1 (k=1,2,3…..) characteristic harmonic currents at the ac 

side because of  the turning of the thyristor. The non-characteristics of the harmonic current also generated due 

to the various unbalances in the ac voltages, system impedance and transformer parameters. This harmonic 

current passes through the primary and secondary winding of the traditional converter transformer, which 

increases transformer additional heat, vibration and noise. Due to this added loss causes difficulty of the 

insulating design which increases the cost of traditional converter. 

2) Passive filtering method is mainly used for the harmonic suppression but still have some disadvantages. The 

most dangerous one is that series/ parallel resonance may occur between system impedance and the passive 

power filters. This series/parallel resonance will result in the amplification of the harmonic current and 

harmonic voltage and it may damage the passive power filters and neighboring power equipment [10], [11].  

So, to overcome this disadvantages new converter transformer and the corresponding inductive filtering is used. 

Fig 3 shows the new converter transformer and the corresponding inductive filtering system in which (a) shows the 

wiring mode of the transformer and its secondary winding adopts prolonged delta wiring. 

 

 
 

(a) 
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(b) 

Fig 3:New converter transformer and the corresponding inductive filtering system 

The winding of Ai – ai , Bi – bi , Ci – ci (i = 1,2) is called prolonged winding and the winding of a1 –b1 , b1 – c1 , c1 –a1 , 

a2 –b2 , b2 – c2 , c2 –a2 is called common winding. Fig 3(b) shows the arrangement of the filters. New converter 

transformer contains phase-shifting principle due to which produces phase-shift of 30
o
, self coupling action due to 

which material required for the new converter transformer is reduced, inductive filtering mechanism causes harmonic 

current into the branch of the secondary common winding and there is no harmonic current in the primary winding. 

This transformer also used for the reactive power compensation [12]-[18]. 

III. CONCLUSION 

Converter transformer is an integral part of the HVDC system which acts as a galvanic barrier between AC and DC 

system. The main loss in the converter transformer is a harmonic loss. The traditional converter transformer has 

produces harmonic current which produces additional heat, vibration and noise also there is a problem of series/ 

parallel resonance which damage the passive power filters and neighbouring power equipment. To overcome this new 

converter transformer is used. The secondary windings of the new converter transformer adopt prolonged delta wiring, 

which brings about symmetrical characteristics to its structure. Also the inductive filtering method can optimize the 

structure of the HVDC transmission system, greatly reducing the negative effect of harmonic on the operation of the 

transformer and improving the filtering effect at the ac side of the HVDC system. 
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