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network and the participants
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Interference in networks
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Devices with high priority (devices in a hospital) 

Devices with low priority (videorecorder)
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Devices with low priority (videorecorder)

EN50160 

Disturbances in the network (1000 TV)

Disturbances from a single device (TV)
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Areas where EN50160 applies

Energy generation/distribution Customer system

High voltage

IEC61000-3-6/-3-7
EN50160 -2010
(35kV – 150kV)

Energy supplier - customer 
transfer point
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Voltage quality acc. to
EN50160 / IEC61000-2-2 IEC61000-3-2/-3

kWh

device

device

device

Connection guidelines /
IEC61000-2 -4 class 1, 2, 3

Medium voltage

Low voltage

EN 50160
IEC61000-2-12
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Types of interference

Voltage changes, dips, 
overvoltages, 
interruptions 

Flicker
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Frequency
fluctuation

Asymmetry

Transients

Harmonics

U2

U1

U3



HV Power, PQ Seminar Nov 2009 7

Evaluation

Slow voltage change:

•Nominal value U LL

•Upper/lower threshold values (0.9 ..1.1) x U N

•Permissible frequency of violations/week 5%

•Number of violations per week*

Long-term flicker:

•Limit value

•Permissible frequency/week 5 %.

•Number of violations per week*

Asymmetrical voltage:

•Ratio with-system to contra-system

•Upper limit value 2 %

•Permissible number of violations/week 5 %.

•Number of violations per week*

Fast voltage change:

•Nominal value U LL

•Upper/lower threshold values (0.94 ..10.06) x U N

•Permissible number of violations/day = 10

Frequency:

•Nominal value 50 Hz

•Narrow tolerance 49.5 .. 50.5 Hz

•Wide tolerance 47.0 .. 52.0 Hz

•Permissible frequency of 0.5 % frequency deviation

•Narrow/wide time sum for frequency deviation*

7

Evaluation

acc. to EN 50160

Short/long interruptions to supply:

•Nominal value U LL

•Threshold value (0.4) x U N

•Short/long time criterion

•Permissible number of violations/year (short: 30 / long: 100)

•Number of violations per year (short/long)*

Intermittent overvoltage at the network frequency:

•Nominal value U LL

•Threshold value (0.9) x U N

•Permissible number of violations/year = 100

•Number of violations per year*

Harmonics and THD:

•Compatibility level up to the 25th harmonic

•THD threshold value 8 %

•Permissible number of violations/week 5 %

•Number of violations per week*

•Number of violations per week*
•Number of violations per day*

Voltage dip:

•Nominal value U LL

•Threshold value (0.9) x U N

•Permissible number of violations/year = 100

•Number of violations per year*
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Flicker

8

Flicker curve = 1
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Harmonics
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5th harmonic of voltage L12; L23; L31 – 20kV network  
Periode one week

Saturday Sunday
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Interharmonics 
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as is the clock frequency of 
the converter with side bands

1.980Hz (+/-100Hz) 
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EN50160 - Features of the voltage in public electric ity supply 
networks / IEC61000-2-2
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More than 200,000 data points per week means a clear representation 
is required! 
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Any periodic wave form can be created by adding an infinite number of sine waves.  

The method for calculating the Fourier coefficients can be found in any book of mathematical tables. 
The first 40 harmonics are used to describe the interference emitted from devices. The quality 
description of the network is currently based on the first 50 harmonics. (EN 50160 up to the 25th 
harmonic) 
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The power factor also plays a special role in relation to network feedback effects in industrial 
electronic circuits. 

The power factor is defined as the relationship between the active power and the apparent power: 

Power factor lll l       lll l  = P/S  (power factor, PF) 

The product of a time-dependent voltage u(t) and a time-dependent current i(t) is a time-
dependent power s(t).  

Power:        s(t) = u(t)××××i (t) 
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Power:        s(t) = u(t)××××i (t) 

The active power P is the arithmetic mean of this power function: 

Active power      P
1
T

s(t)
0

T
dt= ×�  

 
The apparent power (S) is the peak value of the power function and corresponds to the product 
of the total r.m.s. voltage value (U) and the total r.m.s. current value (I). 

Apparent power     S = U*I 
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Further definitions can be made for currents affected by harmonics  with a 
sinusoidal voltage with a phase shift j 1 compared to the fundamental current. The 

For sinusoidal currents and voltages the active power and the power factor are calculated 
as follows, taking a phase shift between the current and the voltage into consideration:

Active power P = U ××××I ××××cos phi

Power factor = cos phi
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sinusoidal voltage with a phase shift j 1 compared to the fundamental current. The 
fundamental power or the control reactive power Q1 is: 

Control reactive power       Q1 = U××××I1 sin jjj j 1 

The product of the voltage with all the harmonic currents results in the distorted 
reactive power D:  

Distorted reactive power     �
¥

=
×=

2
2IUD

n
n  
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Distorted reactive power  (disharmony) is:: 

D . U 1eff  I dist.  D S 2 P 2 Q 2

S D Q
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50PP
50S

S

Q

D

50

Q

If the voltage contains harmonics like the current,  it is not possible to 
determine the distorted reactive power in this mann er.  
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The active power is formed only from the voltage and current components with the same 
frequency, in this case only with the fundamental current frequency: 

Active power           P = U×I1 cos j 1 
Therefore, the power factor is: 

Voltage and current harmonics with different frequencies do not have 
an average power over a period, and therefore also no active power. 
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Therefore, the power factor is: 

Power factor          
l

j
=

× ×

×

U I
1

cos
1

U I
 

The relationship between the r.m.s. value of the fundamental current frequency and the total 
r.m.s. current value is defined as the fundamental factor gi of the current. 

Fundamental factor:        gi
I1
I

=  
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Example B6 - rectifier circuit:

cos phi = 0.99 but PF = 0.75

17
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B2 rectifier circuits  

Here are some examples of typical sinusoidal voltages and currents and how they arise in the 
application of rectifier and current converter circuits. The picture shows the standard circuit of all 
electronic voltage supplies. AC voltage is rectified and smoothed using a capacitor. 
 

1

D1 D2

R1C1
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L2
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R2
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R1C1L2

VC

R2

3

D3 D4

0 �
�
Circuit diagram of a standard rectifier (B2) in a network 
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19

Peak value of the current of an 1.2 A energy-saving light 
with 0.2 A r.m.s. value !!  

What is the crest factor of this signal?
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B2 rectifier

20

 
Current spectra available for all odd harmonics 
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Effects of current harmonics 

Currents cause voltage drops at the network impedances. This results in the sinusoidal 
network voltage being superimposed with the higher frequency voltage drops that are 
caused by the current harmonics. The voltage curve is distorted. All other consumers 
that are supplied by the voltage are also supplied with  this distorted voltage which can 
result in them suffering interference.  

 

21

Fig. Voltage L1, L2, L3 in industrial operation
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Effects of current harmonics 

Network-synchronised devices (synchronous clocks) c an be disrupted 
(additional null points).

Additional losses occur in the consumers leading to  heating and 
thus reduction of the service life.

Capacitors and compensation systems become overload ed.

Acoustic interferences can occur in devices and tra nsformers.

22

Voltage harmonics in rotating field motors cause ad ditional 
losses. The 5th harmonic causes a rotating field in  the reverse 
direction, the 7th a rotating field that is faster than the rotational 
speed of the motor.

Acoustic interferences can occur in devices and tra nsformers.

Overloading of neutral conductors.
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Overheating of lines due to skin effects

All harmonics cause additional losses in the extern al conductors. 

The skin effect, which can be neglected at 50 Hz, st arts to play a part from 350 Hz 
upwards (7th harmonic). 

Therefore, for example, at 350 Hz the apparent resis tance of a conductor with a 

Effects of current harmonics

23

Therefore, for example, at 350 Hz the apparent resis tance of a conductor with a 
diameter of 20 mm is 60 % larger than its DC resist ance. This increased 
resistance and, more importantly, the higher reacta nce (due to the higher 
frequency) lead to a larger voltage drop and a larg er voltage distortion.
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Problems of higher harmonics on the voltage for cap acitors 
(compensation systems)

Example:

A capacitor is designed for 1 A at 230 V / 50 Hz.

4.89 V and a frequency of 2,350 Hz (47 H) is present  in an industrial 
network.

This means that since the resistance at this freque ncy is 47 times smaller 
than it is at 50 Hz, a current of 1 A also flows 

How many % is these capacitor overloaded?

24

than it is at 50 Hz, a current of 1 A also flows (2,350 Hz)
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Network feedback effects of mass consumers on the power supply: 

Current harmonics with ordinal numbers divisible by three generate zero systems in AC systems 
when they are symmetrically loaded. They overlap in the neutral conductor to create a current 
with three times the size. 

Neutral conductors can be overloaded – danger of fire! 

 
 

S n=630 kVA 
Dyn5  

 20kV  

 0,4kV  

25

M P1 

 S inst.= 68kV A  

 NYCW Y  3x185/95  
m m 2 

  K om pensation 
   Q c=375kvar 

200A  

 
Fig. Circuit diagram of a power supply in an IT centre 

PEN conductor with 
reduced cross-section!
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The following figure shows the current of the neutral conductor. It is very easy to 
see that the dominating frequency in the neutral conductor is 150 Hz. 

  

26

 

Fig. shows voltage L1 and neutral conductor current 
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Addition of the 3rd harmonic to the neutral conduct or
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Low damping of the network

Each network is an oscillating circuit with L, C an d R

Emergency generator – test was successfull

voltage

28

PQ Box 100: Trade Center emergency power supply

frequency



HV Power, PQ Seminar Nov 2009 29

Emergency generator – test failure

voltage

29

PQ Box 100: Trade Center emergency power supply

frequency
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Example 5th harmonic – 20kV network

The DY-transformer can´t transfer the triple harmon ics from the low 
voltage to the medium voltage netzwork.

30

picture: data PQI-DA – 20kV network – one week


