
HV Power, PQ Seminar Nov 2009 1

1



HV Power, PQ Seminar Nov 2009 2

The standard B6U circuit. 
Diode bridge 

Capacitor in 
intermediate 
circuit
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Fig.  B6U circuit 

Input rectifier for voltage converters, UPS systems , etc.
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Fig. B6U example  Oscilloscope diagram of current L1 and voltage L1 
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Ordinal numbers of the current harmonics also result when network-controlled current converters
are implemented: 

νννν = k⋅⋅⋅⋅p ±±±± 1  (also h or n instead of ν) 

where k = 0, 1, 2, ... integer numbers and p = pulse number of the current converter. 

The r.m.s. values of the harmonic currents reduce proportional to 1/ν. 

The r.m.s. values of the harmonic currents are:     I
I

ν ν
= 1  

I1 is the fundamental current.  

4
Fig. voltage L1, L2, L3 spectrum; scaled according to IEC61000-2-2 limit value; 
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This equation applies for all rectifier circuits!

B1; B2; B6; B12; B18 ...

Harmonics = k x p +/- 1

Example for a B6 circuit:

H = 1 x 6 +/- 1;     5th and 7th harmonics

5

H = 1 x 6 +/- 1;     5th and 7th harmonics

H = 2 x 6 +/- 1; 11th and 13th harmonics

H = 3 x 6 +/- 1; .................th harmonic
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I converter, B6C circuit

controlled current converter

6

A short circuit occurs in a 
network-controlled current 
converter during the 
commutation

Commutation dips!

Remedy: Commutation 
choke

Fig.: Voltage L1 on a B6C
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Commutation always between two phases! Fig.: Voltage L1, L2, L3 on B6C
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12-pulse rectifier

Parallel switching of two B6 circuits 
via transformers

The supply voltage is phase-shifted 
by 30°.

Harmonics h=5, 7, 17, 19 are 
subtracted.

h=11, 13, 23, 25 are added together.
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Example: 12-pulse rectifier input of a 300 kVA UPS system in a computer 
centre.

Fig. current L1, L2, L3
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Fig.: Current L1 spectrum of a B12 rectifier system

12p +/- 1 = 11th; 13th     2x12 +/-1 = 23rd; 25th  ( 5th; 7th   17th; 19th should cancel 
each other out)
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UPS output; voltage L1, L2, L3

Perfect sine wave!
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UPS input; voltage L1, L2, L3
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Sine-rated pulse-width modulation

The DC voltage is split into pulses (clock frequenc y) in 
order to create a sinusoidal current in the consume r.

Rect.

Intermediate 

13

WR

Intermediate 
circuit
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Sine-rated pulse-width modulation
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Voltage L1-L2 ; converter output
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The 5th and 7th harmonics are clearly recognisable

as is the clock frequency of the 
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Fig. Current L1 spectrum; DC up to 3.2 kHz incl. interharmonics

as is the clock frequency of the 
converter with side bands 
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Current L1 spectrum
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Voltage L1 spectrum

Example for a WK system: 

Network frequency = 50 Hz; clock frequency 1,990 Hz; 
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Clock frequency; side bands

17

Side bands = n x 1,990 Hz +/- 2 x n x 50 Hz

= 1,990 Hz +/- 2x50Hz = 1,890 Hz, 2,090 Hz

fµµµµ = n⋅⋅⋅⋅fT ±±±± 2n⋅⋅⋅⋅f1
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Determining the direction of harmonics 
The direction of power flow of harmonics is determined by the sign of the active power. Fig. 8.1a 
shows the simplified replacement circuit diagram of a network/consumer arrangement (single-
phase). Figures 8.1b and 8.1c show the corresponding vector diagrams for two directions of 
energy flow, energy drawn and energy fed back (e.g. combined heat and power unit). 

∆ ULNetw
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The active power for purely sinusoidal quantities is:

P U I2 2 2 2= ⋅ ⋅ cosϕ

A device structure is present in the range of angles 0 ≤≤≤≤ ϕϕϕϕ2 ≤≤≤≤ 90°°°°

P is positive.

For ϕϕϕϕ2 ≥≥≥≥ 90°°°° P is negative , and power is fed in. 

19

The power calculation is more complicated for non-sinusoidal current loads (i.e. the current I2

consists of the fundamental frequency and harmonics). 

For ϕϕϕϕ2 ≥≥≥≥ 90°°°° P is negative , and power is fed in. 
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1. Harmonic generator in a “clean” network 

The consumer is connected in a “pure” sinusoidal network. The Fourier transformation provides 
both the amplitude and the angle of the corresponding harmonic at the measurement points. If the 
angle between the current and the voltage > ±±±± 90°, the consumer operates as a generator for 
this harmonic, i.e. it feeds the harmonic into the network (“contaminates” the network). 
 

8.1.1 Sinusoidal network voltage – current afflicted with harmonics 

The active power for a current afflicted with harmonics can be calculated from the active power: 

i ∞

∑
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    P U
i

= ⋅ ⋅1
1

2
cosϕ    with  i i t i h tt h h

h
( ) sin( ) sin( )= ⋅ + ⋅ ⋅ +

=

∞

∑1 1 1
2

ω ω ϕ  

It is clear that only the fundamental current frequency i1(t) determines the active power. 

8.1.2  Current and voltage are afflicted with harmonics 

In this case, the voltage also has a fundamental frequency and harmonics, analogue to the current, 
as is normally the case in practice. 

    u u t u h tt u h uh
h

( ) sin( ) sin( )= ⋅ + + ⋅ ⋅ +
=

∞

∑1 1 1 1
2

ω ϕ ω ϕ      

    i i t i h tt i h ih
h

( ) sin( ) sin( )= ⋅ + + ⋅ ⋅ +
=

∞

∑1 1 1 1
2

ω ϕ ω ϕ      
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2. Harmonic generator in a “contaminated” (real) network 
The consumer is connected in an industrial network. Both parallel networks and neighbouring 
consumers generate harmonics. The harmonic voltage of the individual harmonics occurs due to 
the superposition of the individual components. This influences both the amplitude and the angle 
of the vector of the harmonic voltage. 
The harmonic power that is measured, and hence the direction of the harmonics, is influenced by 
the neighbouring consumers and networks.  
Neighbouring compensation systems have a very large influence on the direction. 
The results of this measurement are very unreliable.  
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Phase position of the 5th harmonic of various consu mers in the 
network
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