
Fig. 5.4.1-1: Different harmonic filter types

5.4 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 converterstation

Each filter branch can have one to three tuning  
frequencies. Figure 5.4.1-1 shows different  
harmonic filter types with their impedance  
frequency characteristics.

5.4.1 AC Harmonic Filter

5.4.1.1 Design Criteria for AC Filters

Reactive Power Requirements 
The reactive power consumption of an HVDC converter 
depends on the active power, the transformer reactance 
and the control angle. It increases with increasing 
active power. A common requirement to a converter 
station is full compensation or overcompensation  
at rated load. In addition, a reactive band for the  
load and voltage range and the permitted voltage  
step during bank switching must be determined. 
These factors will determine the size and number  
of filter and shunt capacitor banks.

Harmonic Performance Requirements
HVDC converter stations generate characteristic  
and non-characteristic harmonic currents. For a 
twelve-pulse converter, the characteristic harmonics 
are of the order n = (12 * k) ± 1 (k = 1,2,3 ...). These 
are the harmonic components that are generated 
even during ideal conditions, i.e. ideal smoothing  
of the direct current, symmetrical AC voltages, trans-
former impedance and firing angles. The characteristic 
harmonic components are the ones with the highest 
current level, but other components may also be  
of importance. The third harmonic, which is mainly 
caused by the negative sequence component of the 
AC system, will in many cases require filtering.

An equivalent circuit for determination of harmonic 
performance is given in figure 5.4.1-3. The most 
commonly used criteria for harmonic performance 
are related to the harmonic voltage on the converter 
station busbar. The purpose of the filter circuit is to 
provide sufficiently low impedances for the relevant 
harmonic components in order to reduce the harmonic 
voltages to an acceptable level.

Fig. 5.4.1-2: AC filters and capacitor banks of Gezhouba/Shanghai

 

Harmonic Order

Single-tuned

0 10 20 30 40 50

1000
800
600
400
200

0Fi
lt

er
 Im

pe
da

n
ce

Double-tuned

0 10 20 30 40 50

1000
800
600
400
200

0

Harmonic Order

Fi
lt

er
 Im

pe
da

n
ce

 
Triple-tuned

0 10 20 30 40 50

800

600

400

200

0

Harmonic Order

Fi
lt

er
 Im

pe
da

n
ce

22


