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As one might imagine, the connection of inverters to a public
grid system is subject to numerous compliance procedures
and regulations. But how and why are these systems tested?
Here, Peter Mock of Spitzenberger & Spies gives us the
reasons and processes behind this crucial aspect of solar grid
implementation.

The “OK” for the connection of solar
inverters to the public grid is amongst other
things accompanied by European and
international standards. The political base
of the authorisation of grid interconnection
is the EMC directive 89/336/EEC of the
European Union.
Within the EMC directive, several emission
and immunity standards need to be
covered and fulfilled by electronic
equipment. If an electronic device is
compliant to these standards the
manufacturer can label it with the CE mark
label and the device is allowed to be
connected to the public grid.
To be compliant to the CE label standards,
the electronic equipment must withstand
several emission and immunity tests.
Looking to the emission limits which are
defined for electrical devices, the IEC/
EN61000-3 series of standards is the
reference to be compliant to. The
measurement devices necessary to proof
the compliance – a harmonics analyser and
a flicker meter, are described in two
standards from the IEC/EN61000-4 series.
Two main phenomena are subject of these
standards.
The Harmonic Current Components
The harmonic content of the EUT’s current
consumption is the first phenomena to be
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IEC/EN61000-3-2

Limits for harmonic current emissions for equipment with
rated input current <= 16A per phase

IEC/EN61000-3-12

Limits for harmonic current emissions for equipment with
rated input current >16A and <= 75A per phase

IEC/EN61000-4-7

General guide on harmonics and interharmonics
measurements and instrumentation

IEC/EN61000-3-3

Limitation of voltage changes, voltage fluctuations and flicker
in public low-voltage supply systems for equipment with rated
input current <= 16A per phase

IEC/EN61000-3-11

Limitation of voltage changes, voltage fluctuations and flicker
in public low-voltage supply systems for equipment with rated
input current <= 75A per phase

IEC/EN61000-4-15

Flickermeter – Functional and design specifications

limited. Generated originally by the
non-linear current consumption of many
grid connected devices, these harmonic
components have to be tested.

thus up to 2kHz. The IEC/EN61000-3-2

The public grid in Europe has a
fundamental frequency of 50Hz. Harmonic
current components are measured for a
limit comparison up to the 40th harmonic,

current up to 75A per phase fundamental

defines limits for harmonic currents for
EUT’s up to 16A per phase maximum
fundamental current. Devices with input
current are covered by the IEC/EN61000-312 and the harmonic current limits specified
within this standard.
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The typical current wave shape for such
equipment has a pulse characteristic and is
not sinusoidal. An example of such a
current wave shape is shown in Fig. 1.
EUT’s are classified into four different EUT
classes A,B,C and D.
Fig. 1 shows the envelope area for current
wave shape for class D equipment.
Solar inverters have mostly slightly different
wave shapes.
The measurement setup according to the
IEC/EN61000-3-2 as specified in the
standard:
A single-phase as well as a three-phase
test setup is possible.
For the power generator limits for the
harmonic voltage components of the supply
voltage are specified.
The optimum measurement session is
measuring harmonic currents and the
supply voltage harmonics at the same time
and verifies the compliance of the test
generator.

Fig. 1: Typical current wave shape of class D equipment

A harmonic analysis according to the IEC/
EN61000-3-2 /-12 needs a special kind of
harmonic analyser with DFT analysis
capability. The requirements on this
instrument are defined in the IEC/
EN61000-4-7.
Two types of analysers are described in
this standard, the fully compliant
analyser with precise, traceable and
repeatable measurement values and the
so called pre-compliance analysers for
evaluating electronic equipment during
development stage.
The harmonic current is measured and
calculated using DFT (Discrete Fourier
Transformation). After the DFT
calculation a spectrum of the 2nd to 40st
Harmonic current is the result.
Compared with the limits of the standard
can give you a measurement result table
like in Fig. 2.

Fig. 2: Single-phase measurement setup acc. to IEC/EN61000-3-2
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The test results can also be displayed as a
spectrum of harmonics.
Finally the tested electronic device is either
compliant to this harmonic current
component standard or non-compliant.
Many manufacturers use power factor
correction for being compliant to the limits.
In real measurements it was found that in
many cases the power factor correction
works very well for harmonics up to the
35th harmonic. The most problems occur
on the 37th and 39th harmonic causing a
compliance failure for several devices.
Some switch-mode power supplies are the
reason for harmonic problems.
Voltage changes and flicker
The second phenomena group covered by
emission standards is the voltage change,
voltage fluctuation or flicker phenomena.
Voltage drops are generated over the
source impedance of the grid by the
changing load current of an equipment or
facility. These fluctuations in time generate
flicker. The definition of flicker is a visible
change in brightness of a lamp due to
rapid fluctuations in the voltage of the
power supply.
The effects can range from disturbances to
healthy problems for humans up to rarely
epileptic attacks of photosensitive persons.
To define flicker limits a short-term
flicker PST and a long term flicker PLT is
described in the flicker standards. The
PST value is a statistical calculation of
single flicker events over a time period of
10 minutes. The PLT value is calculated
as a cubic average over several PST
values for a time period of 2 hours. The
perceptibility value calculation and scaling
algorithm were chosen such that a P value
of 1.0 corresponds to a level at which 50
per cent of test subjects found the flicker
to be both noticeable and irritating.

Fig. 3: Example tabular test results for a harmonic measurement

The defined limits in the standards are:
PST limit 1.0 PLT limit 0.65

limit of the standard
reserve gap of additional
50 per cent of the standard
measurement value

A different group of parameters, the “d”
values, representing the voltage change
characteristic are also measured and
calculated according to the standards.
They are: d(t), dc, dmax and Tmax.
• d(t) – Time function of the relative rms half
period voltage change for each half
period between zero-crossings of the
voltage source, expected during steady
state voltage conditions
• dc – Maximum steady state voltage
change during an observation period
• dmax – Maximum absolute voltage change
during observation period

Fig. 4: Example spectrum test results for a harmonic measurement
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• Tmax – Maximum time that the half period
rms voltage deviation d(t) exceeds the
limit for dc
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The voltage changes are caused by the
current variations through the public grid
and therefore the voltage drops over the
grid’s impedance. To be able to have
traceable measurements it is necessary to
have a reference impedance.
The measurement setup for measuring
voltage changes and flicker as defined in
the IEC/EN61000-3-3:
Very important is the mains network
simulation with the specified impedance
values of the reference impedance network.
The values of
R A=0.24Ω and jX A=0.15Ω
RN=0.16Ω and jXN=0.10Ω
are an average of the real measured
impedance values of public grids in Europe
and are defined in the technical report IEC/
TR 60725.

Fig. 5: Three-phase measurement setup acc. to IEC/EN61000-3-3

During a flicker measurement session all
the relevant values are measured at a time.
In addition to measure the EUT it is also
necessary to observe the testing voltage
supply source. As specified in the IEC/
EN61000-3-3 the voltage quality of the
supply source must be below the specified
limits during all measurement cycles.
Emission Measurement Fact List
• Take care about the measurement
requirements of both emission and
measurement standards
• Operate the solar inverter in its
nominal modes of operation
• Use a fully compliant test system for
getting reality-close and traceable
measurement results
• Verify your generators performance
during each measurement session
• The harmonics with a higher order
number are often the problematic
harmonics at solar inverters
• The synchronisation of the solar
inverters voltage and frequency with
the public grid is causing voltage
changes and flicker which is
sometimes the problem for being
compliant to the flicker standards
• The best solution for testing is a
universal test system for both the DC
input side of the solar inverter to
simulate all its nominal operating
modes and the AC output side of the
inverter for the measurement of the
emissions of the solar inverter into the
public grid
• Finally think more about all the
immunity requirements for the CE
label compliance which will be part of
a future publication

6: Example tabular test results for a harmonic measurement

The test result tables show both the
measured values of the tested EUT as well
as the tested values of the power source.
The monitoring of the power source is
also necessary when performing
measurements.

As a summary of this brief introduction
into measuring line conducted emissions
of solar inverters according to the CE
label standards see the sidebar of
important facts (left).
For more information, please visit
www.spitzenberger.de
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