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Introduction

This presentation will discuss the problems that arise when a component manufacturer 

does not know where his component will be used. This component is incorporated in a 

piece of equipment built by a machine builder. In most cases the machine builder is also 

not aware in what kind of environment his machine will be used. Subsequently the 

machine is installed by the installer who is not aware of the detailed installation 

requirements written down by the component manufacturer. Finally, the end user has 

his equipment but maybe also some EMI problems (which becomes apparent when 

other equipment doesn’t function properly anymore). One specific component that 

causes many EMC problems as delineated above, are adjustable speed electrical Power 

Drive Systems (called PDS in the remaining document). For this reason the presentation 

will focus on the product standard of PDS and compare it with standards for residential 

and industrial environments. During this presentation we will see that these standards 

will not be able to guarantee EMC in practice, mainly as a consequence of the long chain 

from component manufacturer to the end user. Finally some suggestions will be made 

what measures could be taken to create a proper installation.
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Imtech Marine

First a little background information about Imtech Marine. Imtech Marine delivers whole 

ship solutions. Those solutions include many systems such as: Connectivity; Navigation; 

Entertainment and Information Technology and also Propulsion and Engine room 

automation. Those systems are integrated using Imtech’s capabilities; such as: 

engineering; consultancy; installation and training. Together with our service & 

maintenance this delivers a whole ship solution. Imtech Marine has the knowledge and 

experience to deliver this worldwide to our customers.

Jan-Kees van der Ven works at the ECC (Electrical competence center) of Imtech Marine 

as a technical consultant who is specialized in EMC. This department assists Imtech

project teams and end customers worldwide with matters regarding energy generation 

distribution and conversion on board ships. By working in this team, Jan-Kees has gained 

a lot of experience with large PDS that need to be integrated in a very dedicated 

environment with many constraints.
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What is EMC?

What does EMC or Electromagnetic compatibility mean?

Both the IEC standard as well as the EMC directive give a similar definition. Since the 

EMC directive is of great importance for European machine builders, the definition given 

in this directive will be used. (See sheet)

The EMC directive, or in full: “DIRECTIVE 2004/108/EC OF THE EUROPEAN PARLIAMENT 

AND OF THE COUNCIL of 15 December 2004 on the approximation of the laws of the 

Member States relating to electromagnetic compatibility and repealing Directive 

89/336/EEC” can be found on internet.

An important aspect of the definition of EMC for this presentation is the 

“(electromagnetic) environment”. The word “environment” is mentioned twice in the 

definition which indicates its importance. According the EMC directive there are 

different electromagnetic environments (otherwise it would not have been mentioned 

in the definition of EMC). Examples of different electromagnetic environments are: an 

office like or residential environment; an industrial environment; a rail road; the bridge 

of a ship and so on. 
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Depending on the type of EM environment, the amount of EM disturbances varies. It 

makes sense to expect much more EM emission in industrial environments, compared to 

an average household. Therefore industrial grade equipment is usually designed in such 

a way that it can withstand the EM disturbances present in such an environment. If you 

place residential equipment in an industrial environment, problems can be expected, 

since it will most likely not be immune to the disturbances produced in that 

environment, whereas industrial equipment is designed to allow higher EM emissions

from the equipment itself, they also demand higher immunity levels in order to make 

sure that industrial equipment functions satisfactorily in its electromagnetic 

environment without disturbing other (industrial) equipment.

So a piece of equipment should be developed for one or more of these specific 

environments because each environment has its own characteristic demands regarding 

electromagnetic emission (without introducing intolerable electromagnetic disturbances 

to other equipment in that environment) and immunity (function satisfactorily in its 

electromagnetic environment). 

What is the importance of EMC?

The fact that there is a special directive for EMC should already be an indicator that this 

subject is also important for machine builders. After all, if a manufacturer wants to bring 

his product on a market within the European Union and if it contains electric or 

electronic components, it has to comply with the EMC directive. Besides the legal 

obligation, a machine builder also wants to have satisfied customers. If the machine he 

delivered is not operating as intended, or other equipment in the neighborhood stops 

operating, it is not likely that the customer will come back for another purchase.
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CE + CE ≠ CE

It is often thought that when only CE marked equipment is integrated in a machine, this 

machine will also comply with the EMC directive. Of course one would have to comply 

with all the installation instructions of the component manufacturers, like the use of 

filters and screened cables. But even if all instructions are followed this is not enough to 

be sure the machine complies with the EMC directive. All the integrated equipment has 

to be suited for the environment it will be used in. E.g. a monitor integrated in a 

machine, but developed for a residential environment is not meant to be used in the 

industrial environment for which the machine is developed. 

Finally details can have large influences. Some time ago there was a discussion on 

LinkedIn. A piece of equipment was tested with an HDMI cable and failed the emission 

limits. They changed the HDMI cable and got totally different results. By switching HDMI 

cable of different manufacturers (with the same length) the measurement results varied 

by 10 dB. In other words by switching the HDMI cable the test results could change over 

a factor 3 in amplitude.
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Some aspects of emission limits and immunity test levels 

Some of the aspects found in almost every EMC standard are:

• Radio frequency common mode immunity tests (A test signal of tens or 

hundreds of kHz up to several tens of MHz, often amplitude modulated. The 

test signal is applied to a cable connected to the Equipment under test. The 

Equipment under test shall withstand certain levels.)

• Radio frequency electromagnetic field (The equipment under test is exposed 

to an electromagnetic field, in general between some tens of MHz up to a few 

GHz, often amplitude modulated. The Equipment under test shall withstand 

certain levels.)

• Conducted emission (Between some tens of kHz and some tens of MHz the 

signals on the cables are measured with reference to earth.   Certain levels 

may not be exceeded.)

• Radiated emission ( Between some hundreds of kHz and some GHz signals 

radiated by the equipment under test are measured at 1, 3, 10 or 30m 

distance from the equipment under test, depending on the standard used. 

Certain levels may not be exceeded.)
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Emission levels are generally expressed in dBµV for conducted phenomena and in 

dBµV/m for radiated phenomena while immunity requirements are expressed in V for 

conducted phenomena and V/m for radiated phenomena. To give some insight in how all 

these different levels relate to each other they have been converted into V or V/m and 

all radiated emission limits have been converted to a measuring distance of 3m in the 

graph above.

The graph above shows emission (yellow lines) and immunity (green lines) levels for 

residential, office like and light industrial environments. As we will see in the following 

sheets these levels vary for each environment.

Something that immediately stands out is that there is quite a large difference between 

how much emission a piece of equipment may produce and the level of disturbance it 

should withstand. Depending on the frequency range this could be even more than 1000 

times. The question arises why this safety margin has to be this big. This depends again 

on the frequency range. For conducted phenomena (thin lines) one need this safety 

margin for several reasons such as: 
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• circuit impedances differ from the defined test circuit impedances and may 

cause higher emission; 

• multiple sources could add up; 

• resonances could occur; 

• aging of equipment may change its immunity or emission aspects; 

• Distribution in component values will have influence on emission and 

immunity levels.

For radiated emission (thick yellow line) there is a more important reason. If the 

radiated emission is too high the signals will interfere with wireless communication and 

if the immunity levels (thick green line) are too low the equipment may be disturbed by 

radio transmitters. Besides that, equipment (victim) could be placed very close to a 

disturbance source which increases the field strength for the victim. The limits are given 

for a distance of 3m, while in reality source and victim might be separated by only a few 

cm’s.

Between 1 and 1.4 GHz there are no immunity requirements specified in this standard. 

For that reason the thick green line drops between those frequencies.
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Comparing emission and immunity levels for different environments

This graph shows the same emission and immunity levels as the previous sheet:

• IEC61000-6-1 (light green line) gives the immunity levels for  residential, office 

like and light industrial equipment

• IEC61000-6-3 (yellow line) gives the emission levels for a residential, office like 

and light industrial equipment

The levels for other environments are also added:

• IEC61000-6-2 (dark green line) gives the immunity levels for industrial 

equipment

• IEC61000-6-4 (red line) gives the emission levels for industrial equipment

As can be seen for most frequencies both the emission as well as the immunity levels for 

residential equipment were increased by roughly a factor of 3 to obtain the industrial 

levels.

This means that in an industrial environment equipment can produce more disturbances 

and as a consequence, it should also withstand higher disturbances.

The frequency bands for which the: “radio frequency electromagnetic field” levels of the 

industrial environment drop to the levels for the residential environment are the ITU 

(International Telecommunication Union) broadcast frequencies which are usually used 

for FM sound and television broadcasting .
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Comparison of PDS emission levels with residential immunity standards

This sheet shows the immunity requirements of residential, office like and light industrial 

environments (light green line), with the emission levels of the product standard for PDS 

(purple lines).

For emission this standard for PDS defines different categories. 

• Cat1 is intended for of residential, office like and light industrial environments and the 

emission limits are similar to the emission limits of IEC61000-6-3 (yellow line on 

previous page) 

• Cat2 is intended for industrial environments and the emission limits are quite similar 

to the emission limits of IEC61000-6-4 (red line on previous page). So far PDS are 

suited for regular environments, but there are more categories.

• Category 3 PDS may produce significant more emission/disturbance than equipment 

intended for residential or industrial environments. This means that the safety margin 

to prevent interference** becomes smaller. 

* Disturbance: sometimes confused with noise or interference. Noise often refers 

to a flat spectrum in time and frequency while disturbance often shows specific 

frequency components or transient like behaviour. If the disturbance level is low 

enough, it does not necessarily have to influence other equipment like it is the 

case when the term interference is used.

** Disturbance that affects an electrical circuit due to either electromagnetic 

induction or electromagnetic radiation from an external source. The disturbance 

may interrupt, obstruct, or otherwise degrade or limit the effective performance 

of the circuit. These effects can range from a simple degradation of data to a 

total loss of data.
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If one considers the Category 3 emission limits over 100A for the frequency range 

from 150 up to 500 kHz then it becomes clear that according this standard a PDS may 

produce disturbance levels (emission) that are higher than the immunity level at 

which residential equipment is tested. In first glance it seems illogical to mix 

residential equipment with PDS that operate at such large power levels, but consider 

that PDS are often integrated in large systems in which the different parts 

communicate with ITE (Information Technology Equipment) and that the immunity 

requirements according the product standard for ITE equipment (NEN/EN/IEC 55024) 

are quite similar to those for residential equipment (NEN/EN/IEC 61000-6-1), than 

the risks become evident. 

It’s also interesting to see that the conducting limits are relatively much higher 

compared to the radiated limits This is probably because conducted disturbances stay 

within the installation (one owner) while the radiated disturbance could interfere 

with all kinds of wireless communication devices in the neighborhood (different 

owners).

For this reason alone it is already important for a machine builder to know in what kind 

of environment his machine will be used and what category of PDS he buys. In order to 

know to which category a PDS belongs it is necessary to study the technical 

specifications in detail.  But it doesn't end there. There is even a category 4 PDS as will 

be shown in the next sheet.
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Category 4 according NEN/EN/IEC 61800-3

The product standard for PDS (NEN/EN/IEC 61800-3) also defines a category 4. 

According to the standard a PDS can be rated as a category 4 PDS when the supply 

voltage exceeds 1000 V, and / or when the current exceeds 400 A, and or when the PDS 

is applied in an IT grid. 

First some explanation on IT and TN/TT power grids.

There is a vast variety in low voltage AC (max. 1000 V) power system designs. The most 

common design for land-based systems will be “Three-phase, 5 (or 4) -wire”, where the 

Neutral is solidly earthed. In accordance with IEC 60364-1 [1] these systems are called 

TN-S or TT systems (upper picture).

TN-S: First letter T (French: Terre = Earth) indicates direct earthing of the power system. 

Second letter N (French: Neutre = Neutral) indicates direct connection of exposed 

conductive parts to the earthed point of the power system (normally the neutral point). 

Third letter S (French: Séparé = Separated) indicates that the protective function is 

provided by a conductor separated from the neutral conductor.

TT: First letter T indicates direct earthing of the power system. Second letter T indicates 

direct connection of exposed conductive parts to earth, independent of the earthing of 

the power system.

For safety reasons, all exposed conductive parts, such as metallic enclosures shall be 

earthed. Usually there is a protective earth (PE) conductor available which is earthed at 

the source and to which these parts can be connected. In the case of a TT-system 

earthing is done locally.
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However large industrial plants, power grids on board ships and surgery rooms often use 

IT power grids. 

IT: First letter I (French: Isolé = Isolated) indicates that all active parts are isolated from 

earth. Second letter T indicates direct connection of exposed conductive parts to earth.

The most common system design is “Three-phase, 3-wire”, where the Neutral (if at all 

existing) is not earthed and not accessible (IEC 60364-1: IT-system. fig. 2). Earthing of 

exposed conductive parts is done locally.  The most important reason to choose for such 

a system is Continuity of supply. In an earthed system an earth fault would be a full 

short-circuit with loss of power to the connected equipment as a result. In an isolated 

system a single earth fault will not be a short-circuit and can be tolerated for some time 

without adverse consequences.

The consequence of a PDS of category 4 is that there are no emission limits. In order to 

overcome the risks the user and the manufacturer shall agree on an EMC plan according 

the product standard. The user defines the EMC characteristics of the environment 

including the whole installation and the neighborhood. The manufacturer shall provide 

information on typical emission levels of the variable frequency PDS which is to be 

installed. In theory this sounds nice but in practice a problem develops. Often the user 

does not know a lot about EMC and in general is not able to define the EMC 

characteristics of the environment. The better installers can tell if it is an industrial 

environment or a residential environment, but to really define the environment the 

installer needs to have or hire an EMC specialist.  Even when the environment is more or 

less defined, only half the
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job is done because the emission of the PDS also has to be known. It is my experience, 

and also that of fellow EMC specialists working for other companies, that it is almost 

impossible to obtain the correct data from the manufacturer of the PDS. This makes it 

very difficult to create a proper EMC plan.

The situation described above, where only the electromagnetic environment is 

investigated, is often the best situation that can occur. Much more often the installer is 

not aware or not responsible for the fact that there are PDS involved, because they are 

integrated in a machine. Only when the machine becomes operational the problems 

start to show and no one feels responsible.

There are other risks involved when a machine with integrated PDS is used in an IT 

network. Most PDS contain RF-filters to reduce the emission. These filters: 

• create personal safety risks due to their leakage currents;

• may interfere with the power insulation monitors (except for the more 

expensive ones explicitly developed for dealing with large capacitances);

• may even be damaged by the higher transients and over voltages that occur 

during faults.

The last point is especially interesting. At the moment when the PDS is placed everything 

is functioning as expected, but at a certain moment the filter fails without any fault 

message and other equipment stops operating as intended while no one suspects the 

PDS since it has been operational for a couple of months.
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For these reasons there is often a clause in the manuals of the PDS to remove a screw or 

lip when applied in IT networks. An example taken from an installation manual for PDS: 

2.2.4.1 IT networks

The grounding of input capacitors made by default with the grounding screw at 

terminal X41 of the bus board in all drives (PDS) is imperative in all variations of 

TN/TT networks. Should a drive originally purchased for TN/TT networks be used 

in an IT network, the screw at X41 must be removed. It is strongly recommended 

that this be done by XXXXX personnel. Ask your local distributor for more 

information.

So the component manufacturer doesn’t know in what kind of grid the PDS will be 

operated, although the text in the manual shows that it is by default is meant for TN-TT 

power grids. The machine manufacturer didn’t know that the PDS would be used in an IT 

power grid, the installer didn’t have the installation instructions of the PDS, and the user 

has no idea about the risks or even that there are filters in his new machine, so no one 

removes that screw.

Even if there is an EMC expert who knows about these things the troubles aren’t over 

yet. Imagine that the screw is removed and with it the filter is disconnected from earth. 

The interference will have no other (return) path other than to enter the power grid. 

Within the power grid there are other filters, however these filters are usually not rated 

for the high frequency common mode disturbance generated by the PDS. So it is very 

well possible that filters of other equipment fail due to the disturbance that is produced 

by the PDS as explained in the next sheet.
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Measurement results

A few months ago measurements were performed on a ship from which the electrical 

installation was delivered by Imtech. The main purpose of these measurements was to 

determine if the navigation and communication equipment were at risk of being 

disturbed, since the power was derived from a large DC-bus to which the propulsion was 

also connected.

One of the measurements performed was at the primary and secondary side of a 90KVA, 

400V/400V transformer that powered a part of the 400V distribution grid. The results for 

the lower part of the frequency spectrum, from 10 kHz to 150 kHz and from 150 kHz to 

10MHz are shown in the two graphs displayed. The orange line shows the common 

mode voltage at the primary side of the transformer (where the PDS are located). The 

blue line shows the common mode voltage at the secondary side of the transformer to 

which the 400V distribution grid is connected. The common mode voltage was 

measured by creating an artificial star point with three low inductive resistors. The 

voltage between earth and the star point is the common mode voltage.

The transformer was fitted with an earth screen and the difference in amplitude for each 

frequency in the graphs gives the common mode attenuation. The attenuation is very 

good. It is at least 10 times but often up to 10.000 times for the lower frequencies.
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Failure of filters

It becomes clear that using the transformer was an essential measure when the 

specification of an Y2 capacitor of a reputable manufacturer is studied. Y2 capacitors are 

used in filters between line and earth. The specification shows that up to 400 Hz the 

capacitor can easily withstand the nominal line to earth voltage. Above this frequency 

the voltage the capacitor can withstand reduces and at 10 kHz the capacitor can 

withstand a voltage of just 10 V. The measurement data shows that the active front end 

converters (PDS) still produce a voltage of 30 V at 11 kHz. When this capacitor is used in 

a piece of equipment connected to the same power grid as the active front end 

converters, it would age very rapidly and finally fail. 

Risk on interference

Most EMC standards require immunity testing from 150 kHz and upwards. As was shown 

in one of the previous sheets the residential equipment (and ITE (Information 

Technology Equipment)) is tested at levels of 3V. The measurement results show that the 

emission of the active front end converter is roughly 3 V from 150 kHz to 200 kHz. Since 

this is a single measurement it is not likely that this is the worst case situation. 

Resonances, multiple sources and things like that can create situations in which the 

emission will be higher. This means that the chance on interference is significant since 

residential and ITE is not developed to operate under these disturbance levels.



EMC dag voor installateurs en 
machinebouwers

Jan-Kees van der Ven 19

Suggestions to machine builders

What can a machine builder do to reduce the chance on interference? First of all 

consider carefully in which environments the machine will be used. If it is used in a light 

industrial or office like environment, you’ll have to limit the emission, if it could also be 

applied in an industrial environment one needs to take care of the immunity. If it is 

applied in an IT (not earthed) power supply grid, be careful with common mode filtering 

(capacitors to earth may pose a safety hazard). When the machine could be used in 

different environments, a summary of the most stringent requirements of all the 

different environments needs to be made. The machine will have to meet those 

requirements in order to operate satisfactorily in all intended environments.

The easiest way to create a machine that meets all those requirements is to buy 

components that already comply with all these requirements. If they don’t, the 

manufacturer will have to apply additional measures so that the completed machine 

meets those most stringent requirements. Of course this doesn’t apply to EMC alone, 

but also to vibration, temperature and other environment related variables. If it is not 

possible to buy the right components or it is too expensive, it is also possible to create 

an environment suitable for these components. This can be done using a cabinet with 

shielding and filtering or by installation procedures (cable separation; distance to other 

equipment; separate room etc.).
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Finally when a machine is developed for certain environments, it is important to 

document this carefully. Please use the definitions as given in the standard as much as 

possible when creating the documentation. Some examples are:

• Residential, commercial and light industrial, the following list, although not 

comprehensive, gives an indication of locations, both indoor and outdoor, which are 

included:

– residential properties, for example houses, apartments;

– retail outlets, for example shops, supermarkets;

– business premises, for example offices, banks;

– areas of public entertainment, for example cinemas, public bars, dance halls;

– outdoor locations, for example petrol stations, car parks, amusement and 

sports centres;

– light-industrial locations, for example workshops, laboratories, service 

centers.

Locations which are characterized by being supplied directly at low voltage from the 

public mains network are considered to be residential, commercial or light-industrial. 

[IEC 61000-6-1, second edition]
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• Industrial locations are in addition characterized by the existence of one or more of 

the following:

– industrial, scientific and medical (ISM) apparatus (as defined in CISPR 11);

– heavy inductive or capacitive loads are frequently switched;

– currents and associated magnetic fields are high. [IEC 61000-6-2, 2005]

• first environment : environment that includes domestic premises, it also includes 

establishments directly connected without intermediate transformers to a low-

voltage power supply network which supplies buildings used for domestic purposes 

[IEC 61800-3, second edition]

• second environment: environment that includes all establishments other than those 

directly connected to a low voltage power supply network which supplies buildings 

used for domestic purposes [IEC 61800-3, second edition]

• rolling stock apparatus: a finished product with an intrinsic function intended for 

implementation into the rolling stock installation [EN 50121-3, 2006]

Besides that it is recommended to copy the warnings from the component 

manufacturers or standards into the machine product description. In this way your 

customer knows what to expect and the installer knows if he has to take additional 

measures. As an example some warnings from the product standard for UPS [IEC 62040-

2 second edition] are given:
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• WARNING: This is a category C2 UPS product. In a residential environment, 

this product may cause radio interference, in which case the user may be 

required to take additional measures 

• WARNING: This is a product for commercial and industrial application in the 

second environment − installaRon restricRons or addiRonal measures may be 

needed to prevent disturbances.

• NOTE 1 The limits in this part of IEC 62040 may not, however, fully provide 

protection against interference to radio and television reception when the UPS 

is used closer than 10 m to the receiving antenna for category C1 or C2 UPS 

and 30 m for category C3 UPS.

• NOTE 2 In special cases, for instance, when highly susceptible apparatus is 

being used in proximity, additional mitigation measures may have to be 

employed to reduce the electromagnetic emission further below the specified 

levels.

And finally, of course the applicable installation instructions are given, related to the 

environment in which the machine is placed.
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Suggestions to installers

Before a new installation is set up, or new machinery is added to an existing installation, 

it is important to verify in what kind of electromagnetic environment this will be done. 

The most important aspects to be taken into account are the power supply of the 

equipment and the equipment located nearby the new installation/machinery.

The power supply

If the power supply used also powers supply socket outlets and lighting (same 

transformer winding), one has to be careful to install heavy industrial machines if they 

are not explicitly suited for a residential, office like or light industrial environment. Heavy 

industrial equipment can produce large switching transients and voltage distortions 

which could disturb the residential, office like or light industrial equipment. Another 

point of attention is the earthing of the power grid. Most equipment is developed for an 

earthed grid (TN or TT). If the grid is non-earthed (IT-grid) additional attention has to be 

paid to capacitors within the equipment to earth and safety. (No residual current devices 

/ capacitors undermine the safety of an IT-grid).

Location

Second it is important to separate heavy industrial equipment from residential, office 

like or light industrial equipment by distance. This doesn’t only apply to the equipment, 

but also to the cables connected to the equipment. Cross talk could easily transfer 

disturbances on cables of heavy industrial equipment to cables connected to sensitive 

equipment if they are placed close together.
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In case of new builds it is highly advisable to define certain electromagnetic 

environments. In certain parts of the construction disturbing equipment is placed while 

in other parts sensitive equipment is placed. Both environments have their own power 

supply transformers and the cable connections between both environments are 

minimized.

When a certain machine is installed it is important to read the documentation and check 

if the machine is developed for the environment in which it will be placed. If there is no 

information available regarding this topic, consult the manufacturer for advice and ask 

what components he used (filters / switched mode power supplies / sensitive control or 

communication equipment) and to which EMC standards the machine complies. With 

this information it is possible to determine which environment the machine is suited for.

If the machine is not suited for the environment in which it has to be placed additional 

measures are required. The easiest solution is to ask the manufacturer what to do, but 

often this will not have the desired effect. In that case the installer has to take measures 

in consultation with the user. Measures that can be taken are:

• Relocate machines to an environment for which they are developed (both the 

disturbing as the sensitive machines can be relocated).

• In unearthed grids (IT) apply insolation transformers to create a locally 

earthed grid in which filters can be applied which reduce common mode 

disturbances. 

In earthed grids (TN / TT) filters and transformers can be used to reduce 

common mode disturbances. Especially when these transformers have an 

earth screen they reduce these disturbances significantly.
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• Apply shielding measures.

• Apply filters to reduce disturbance from a certain source or to protect 

sensitive equipment. The best place to locate a filter is near the source of the 

disturbance but when there are a lot of disturbance sources or the power flow 

to that source is large, it can be more cost effective to protect the sensitive 

equipment with filters. One has to be careful with adding filters since 

resonances between different filters / components can occur resulting in 

overheating or a lot of disturbance at specific frequencies.

• When an unearthed (IT) grid is used it can be necessary to disconnect filters in 

order to protect them against overload by high frequency voltages/transients 

or to keep the power insulation monitors operational. However, when the 

filters are disconnected the equipment will not comply to the EMC directive 

anymore and will generate significantly more disturbance or be more 

susceptible to it.

• When the equipment used is totally incompatible with the environment in 

which it is used, consider placing it in a shielded enclosure. In general this is an 

expensive solution. Depending on the frequencies of interest all cables 

screens entering or leaving the enclosure should be connected to that 

enclosure. The same applies to all other conducting objects like metal air 

ducts and pipes entering or leaving the enclosure. If this is not adequate the 

power supply and / or signal lines should be filtered.



EMC dag voor installateurs en 
machinebouwers

Jan-Kees van der Ven 26

How it all comes together/to summarize 

First of all the component manufacturer will deliver its standard documentation to the 

Machine builder. This documentation contains information in which environment the 

components can be used but also information regarding installation requirements such 

as:  

• Maximum and minimum acceptable supply network impedance

• Use of shielded or special cables

• Cable shield connection requirements

• Cable separation requirements

• If and when filters should be applied

• Earthing instructions

The machine builder has to interpret this documentation. In several cases he will have to 

require additional information from the component manufacturer. E.g. when the 

environment for which the product was developed does not match the environment for 

which the machine is developed. Examples of environments that lead to caution are: 

• very electromagnetically polluted areas (railways / heavy industry) with 

respect to immunity requirements; 

• non earthed power supply grids (IT grids) with respect to safety, filters and 

power insulation monitors; 

• places with sensitive equipment (Medical / measurement / communication) 

with respect to radiated and conducted emission. 
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Sometimes product standards even require from the component builder to cooperate in 

these requests (PDS and UPS. 

The machine builder has to provide documentation where it is defined for which kind of 

environment his machine is suited. Besides that, he has to deliver installation manuals 

for each of the environments for which the machine is suited. In most cases tests have 

to be performed to determine if the machine complies with the standards that were 

written for the specified environments.

The user will normally select the machine and tell the installer to install it at a certain 

location. Usually the user does not have enough knowledge of EMC to consider this in 

his choice for a certain machine.

The installer will have to verify if the machine is suited for the environment in which it 

should be placed. This can be done by inspecting the grid topology and the 

neighborhood in which the machine will be placed. If the machine is not suitable, the 

installer will have to take additional measures to make that environment fit for the 

machine because in general it is not possible to adapt the machine. In order to adjust 

the environment for the machine, the installer needs additional information from the 

machine builder and sometimes even from component manufacturers. Obviously he 

also has to follow the installation instructions provided by the machine builder. 
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Conclusion

This presentation shows that the field strength to which the equipment is exposed and 

the disturbances from, and configuration of, the supply grid (high or low conducted 

disturbance levels / transients / earthing philosophy), are important aspects of the 

electromagnetic environment, which need to be taken into account when developing a 

new machine. Machines can operate satisfactorily in one environment and generate a 

lot of disturbance or fail in another environment. Fortunately with the right installation 

measures (filters / screening / transformers/ separation), it is possible to create an 

environment that is suited for almost every machine. However to integrate a machine 

properly in its environment, both the installer and the machine builder need to have a 

thorough knowledge of EMC.
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