










Figure 4: Spectrogram with clearly recognizable clock frequency, sidebands and multiples of the clock frequency

The clock frequency is not everything yet
In addition to the clock frequency, many other frequency components are formed in the electrical power grid. These so-called 
sidebands are impressively recognizable in figure 4.

The following formula describes the phenomenon:
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fµ  = Frequency in the grid
n  = multiplier (1; 2; 3)
fT  = Clock frequency of the power electronics
f1  = Frequency of the basic oscillation grid (50Hz)

The clock frequency of the inverter, many other sidebands and multiples of the clock frequency can be seen in the measure-
ment results of A. Eberle in Fig. 4 in the mains current and also in the mains voltage. In the example, the following sidebands 
and multiples of the clock frequency are formed.

Clock frequency of the power electronics  = 4,5 kHz
n (2; 3; 4) multiplier =   9 kHz; 13,5 kHz; 18 kHz …
Frequency sidebands  =   +/- 100 Hz; +/- 200 Hz …

For example, a system with a clock frequency of 4.5 kHz generates further spectral lines at 9 kHz and 13.5 kHz, including the 
respective sidebands, as a feedback effect in the grid.
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Frequency transmission behavior and development of broadband converters
In research projects with TU Dresden and Leibniz University Hannover, RITZ Instrument Transformers GmbH was able to 
develop the scientific basis for the development of broadband converters.  As a result, RITZ has been offering so-called bro-
adband for current- and voltage measurement [a] since 2012. These optimized devices are especially suitable for harmonic 
analysis according to DIN EN 61000-4-30 or 61000-4-7.

Figure 5 shows the frequency-dependent translation errors of three conventional voltage transformers in comparison to that 
of an optimized voltage transformer. These results refer to 20 kV devices and justify the necessity of using broadband con-
verters for PQ measurement purposes. In addition to the transmission errors, standards are indicated. The relevant frequency 
ranges are highlighted in color.



For example, a 1.8 kHz voltage component measured with the voltage converter “VT 3“ would simply be transmitted incor-
rectly to the input of the PQ measuring device. This transducer characteristic means that the verification of the characteristics 
required in EN 50160 with “VT 3“ is not trustworthy. In the frequency transmission behavior, there are areas with strong 
attenuation or high amplification. As a result, the voltage quality cannot be properly controlled.

For measurements according to the informative part of DIN EN 61000-4-7, all conventional VT 1 - 3 voltage transformers are 
inadmissible.  The VT 4 broadband converter is specially optimized for these measurement purposes and enables reliable PQ 
parameters to be calculated by an appropriate measuring device in the frequency range up to 9 kHz.

For measurements above 9 kHz, RITZ offers a high-precision ohmic divider (GSER 16), which is used, for example, in conjun-
ction with power analzysers in engine test benches. Currently, the GSER 16 can be used up to 150 kHz. The current version 
DIN EN 61000-4-30 :2016-01 also deals in its informative part with frequency measurements up to 150 kHz.

Conclusion
The specialist for electrical measurement and control technology, A. Eberle from Nuremberg, reacted to the requirements for 
measurement technology already several years ago.  The permanently installed PQ analyzers can measure frequencies up to 
20 kHz in the power grid, the mobile measuring devices even up to 1 MHz. This is much more than voltage quality standards 
demand today, but it is a prerequisite for being able to detect all faults with certainty.

The energy turnaround with the integration of regenerative generation plants and the associated significantly increased use of 
power electronics on the part of the decentralized producers and consumers have considerably affected the Central European 
electrical energy networks.

The number of disturbing network perturbations such as flicker and harmonics has risen sharply in recent years. Complete 
systems consisting of PQ measuring devices and broadband converters are in demand. With such systems, the characteristics 
of the electrical energy quality can be reliably determined and the causes can be identified and localized within the framework 
of the disturbance analysis.

A. Eberle and RITZ Instrument Transformers GmbH recognized the signs of the times early on. The course has been set for 
the development of high-performance solutions.
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  Relevant frequency ranges of some standards
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