
 

UNIT-V  

HARMONICS  

 

INTRODUCTION: 

Electrical energy transmitted through AC transmission or DC transmission is to be delivered at 

the consumer’s terminals at specified voltage levels of constant magnitude without deviation from the 

ideal waveform.  

An HVDC transmission system generates harmonic currents on the AC side and harmonic 

voltages on the DC side during operation. The harmonic currents generated at the AC bus of the 

converter get transmitted to the AC network and then cause the following adverse effects.  

➢​ Heating of the equipment connected.  

➢​ Instability of converter control.  

➢​ Generates telephone and radio interference in adjacent communication lines, thereby inducing 

harmonic noise.  

➢​ Harmonics can lead to generation of overvoltages due to resonance when filter circuits are 

employed    

An HVDC transmission system consists of a rectifier and an inverter whose operation generates 

harmonics on the AC and DC side of the converter. The three distinct sources of harmonics in HVDC 

systems are  

1.​ Transformer.  

2.​ AC Generator.  

3.​ Converter along with its control devices  

 

Transformer as source of harmonics: 

Transformers can be considered as a source of harmonic voltages, which arise from magnetic 

distortion and magnetic saturation due to the presence of a DC component in its secondary. The 

magnitude of these harmonics depends upon the operating flux density. Converter transformers are 

usually operated at high flux densities than conventional 3-phase transformers, and therefore the 

possibility of generation of harmonics is more.Although the waveform is usually good, an AC 

generator may be regarded as a source of balanced harmonics because of non-uniform distribution of 

flux on the armature windings.  
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The converter which forms the basic unit in HVDC transmission imposes changes of 

impedances in the current.  

 

When hysteresis effect is considered, then the non-sinusoidal magnetizing current waveform is 

no longer symmetrical which is mainly caused by triple n harmonics and particularly the third 

harmonic. Thus, in order to maintain a reasonable sinusoidal voltage supply, it is necessary to supply a 

path for triple n harmonics which is achieved by the use of delta- connected windings. 

Harmonics due to Converters: 

 

 

Generation of Harmonics:  

The harmonics which are generated are of two types.  

(i) Characteristic harmonics.  
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(ii) Non- characteristic harmonics.  

Characteristic Harmonics:  

The characteristic harmonics are harmonics which are always present even under ideal operation. In 

the converter analysis, the DC current is assumed to be constant. But in AC current the harmonics 

exist which are of the order of  

 

and in DC current it is of the order of    

 

where n is any integer and p is pulse number  
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Figure (a): Phase current on primary side of Y-Y connection converter transformer  

Figure (b): Phase current on primary side of Y-∆ connection converter transformer  

 

So,  
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Protection of Filters: 

The filter is exposed to overvoltage during switching in and the magnitude of this overvoltage 

is a function of the short-circuit ratio (higher with low values of SCR) and the saturation 

characteristics of the converter transformer.  

During switching in, the filter current (at filter frequencies) can have magnitudes ranging from 

20 to 100 times the harmonic current in normal (steady-state) operation. The lower values for tuned 

filters and higher values are applicable to high pass filters.  

These overcurrents are taken into consideration in the mechanical design of reactor coils. 

When filters are disconnected, their capacitors remain charged to the voltage at the instant of 

switching. The residual direct voltages can also occur on bus bars. To avoid, the capacitors may be 

discharged by short-circuiting devices or through converter transformers or by voltage transformers 

loaded with resistors. If the network frequency deviates from the nominal value, higher currents and 

losses will result in AC filters. If they exceed the limits,   
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