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Examples of mobile radio telephone proximity problems
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Standards applied must be appropriate to the intended electromagnetic environment.

Where two or more product standards are relevant, they must all be applied.
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There are three routes to compliance listed in the first edition of the EMC Directive (89/336/EEC) and also listed in the UK’s EMC Regulations:

· Self-Certification to Standards (Article 10.1 of 89/336/EEC)

· Technical Construction File (TCF)  (Article 10.2 of 89/336/EEC)

· Type Examination  (Article 10.4 of 89/336/EEC)

Taking these in reverse order..….

The type examination route

This is the only route to be used for apparatus involving radio-communication transmitters. Type examination must involve a third party, known as a Notified Body. The manufacturer’s EU Declaration of Conformity must list the reference number of the type examination certificate from the Notified Body, and the name and reference number of the Notified Body. 

Where an apparatus employs a radio communication module that has already been successfully type examined, there is no need for the apparatus as a whole to be type examined.

From April 2000, newly-designed radio-communication transmitting apparatus must instead comply with the new Radio and Telecommunication Terminal Equipment (R&TTE) Directive. This replaces the type examination route in the EMC directive for most (but not all) types of radio communication equipment. Existing EMC type-approved apparatus has until April 2001 to comply with the R&TTE Directive.

The Technical Construction File (TCF) route

Apparatus which does not involve radio-communication transmission may use either the self-certification or TCF routes, but the TCF route must be used where a manufacturer has not “fully applied all the relevant harmonised EMC standards”. It may prove necessary to use the TCF route because relevant harmonised EMC standards are: 

· Not published (e.g. for land-mobile vehicles);

· Considered too onerous (read: expensive) for the application;

· Impossible to apply in full (e.g. for large industrial apparatus which is only assembled on site so cannot be tested at an EMC test laboratory);

· Considered not to cover the application (e.g. scientific or industrial applications with extreme or unusual electromagnetic environments).

Examples of the extreme or unusual environments could include apparatus in proximity to:

· Fixed radio transmitters. “Proximity” examples include distances of less than:

· 200 metres from a 100 kW FM transmitter

· 400 metres from the Droitwich transmitter (400 kW)

· 1.5 km from a 5 MW TV transmitter; 

· although proximity to transmitting antenna is an obvious worry, proximity to the transmitting equipment itself and its antenna cables can also create problems (due to their field leakage) but is less easy to predict

· Mobile two-way radios. “Proximity” examples include distances of less than:
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Proximity to fields from heavy power installations

6 metres from a 100 W taxi or emergency services vehicle antenna 

· 2 metres from an emergency services walkie-talkie

· 1.5 metres from a factory or security guard walkie-talkie

· 1 metre from a handheld cellphone;

· Induction heaters, e.g.:

· a 50 Hz 6 MW copper billet heater has generated 430 Amps/metre at 1 metre 

· a 20 kHz 1.5 kW cooker hob generated 28 Volts/metre at 250 mm;

· Heavy power consumption, e.g.: 

· ±8 kAmp DC motor drive cables in a rolling mill created >100 Amps/metre at 10 metres

· a 700 Vdc 60 kA electrolytic process generated 15 kAmps/metre at the operators position;

· Overhead power lines, e.g.:

· 400 kV lines can create 160 Amps/metre and 10 kV/metre fields at ground level, outdoors

· 765kV lines can create 20 kV/m outdoors, and 1kV/metre indoors;

· HV and MV switchgear in switchyards, and SF6 switchgear which is often installed in buildings (proximity here usually means tens of metres);

· Particle accelerators, which have very powerful DC and RF fields and huge power surges when their superconducting fields collapse; 

Other situations may also suffer from extreme electromagnetic environments, for e.g.:

· Outdoors, and especially pole-mounted apparatus (vulnerable to lightning surge and even direct strike);

· Petrol pump equipment in Scandinavian countries in the winter (and similar very dry environments) can be exposed to personnel electro-static discharges of >20 kV;

· The processing of dielectric materials (i.e. insulators) such as plastic sheet, paper, flour, some gases and liquids, can give rise to highly energetic machine electro-static discharges.

All of the above examples suffer from electromagnetic environments which can exceed the test levels in the relevant immunity standards, or which can go beyond the phenomena they cover. But extreme or unusual environments can also created by the presence of sensitive electronics, such as:

· long-distance radio receiving stations;

· radio astronomy;

· physical scientific experiments such as gravity wave and particle detectors;

· biological experiments such as individual cell voltage or current measurements.

A digression on medical apparatus

The above has not included the many examples of medical apparatus that could have been included, because it is the EMC Directive which is being discussed, not the various medical devices directives. However, it is worth noting that hospitals and some health-care premises include examples of extreme environments and life-critical sensitive instrumentation, often in the same place. For example: the use of a diathermic surgical knife in proximity to an anaesthetic machine in an operating theatre. 

Also, since more and more people are carrying on normal lives due to a proliferation in the number and types of implanted and body-worn electronic devices, these devices are going to be exposed to the full range of possible electromagnetic stresses in the outside world. There are already serious concerns about possible interference with such devices from the security barriers installed in most high-street shops to detect theft.

There are two important things to remember about TCFs:

a) They must include a certificate or report from a Competent Body. Without this third-party involvement they are legally invalid;

b) The only time a TCF must be used is when all relevant harmonised EMC standards have not been fully applied (see below).

When following the TCF route, the manufacturer’s EU Declaration of Conformity must identify his TCF; give the name and address of the Competent Body involved; and identify the Competent Bodies’ report or certificate. 

Using TCFs when they are not mandatory

The TCF route is also often used by manufacturers to gain extra confidence for themselves or extra credibility with customers or enforcement agents, when they could have used the self-certification route instead. 

This is often because the manufacturer wishes to use a technical argument for part of their application of all relevant harmonised EMC standards, usually to save testing costs. (As we will see later, “applying” a standard does not necessarily mean testing to it.) Some examples:

· The worst-case-EMC examples of a modular system apparatus are identified and fully EMC tested to the relevant harmonised standards, and the results “read across” to the rest of the possible variants;

· A manufacturer performs in-house pre-compliance testing which shows, allowing for uncertainties, that if he were to test his product fully it should pass ( it is always a good idea to allow a reasonable margin, say 6dB, for unavoidable production variations);

· A product has been tested to non-harmonised EMC standards and the results have been “read across” to the relevant harmonised standards;

· An apparatus is constructed from a number of EMC compliant “components”, assembled in accordance with their manufacturers’ EMC instructions and best-practices (refer to the IEC 61000-5-n series for best practices, especially –2 and -6).

The Self-certification to standards route

This is often called just the “standards route”. According to this route the manufacturer’s EU Declaration of Conformity must list all the relevant harmonised EMC standards, and he is required to have applied these in full (see later for the meaning of “applied in full”). No technical documentation file is required to be kept by law, although it is obviously a good idea to keep copies of all the EMC work that was done in case of a challenge.

It may be more correct in a European context to refer to this route as “Self Declaration to Standards”, since the document the manufacturer creates is called a Declaration of Conformity, and not a Certificate of Conformity. “Certification” is the word used in the UK’s EMC regulations, but “declaration” is the corresponding word used in the EMC Directive. The UK government has obtained a grudging acceptance from the other EU member states that the words “declaration” and “certification” mean much the same to people in Britain, so that they do not have to alter their EMC Regulations. However, companies that trade internationally may find using the word “declaration” instead of “certification” causes less friction or misunderstanding.

It is important to be aware that no involvement by a third party is mandatory when self-certifying to standards. This was emphasised by the EC’s most recent Guidance Document on the EMC Directive in 1997 (available from the DGIII site listed later on, and reproduced elsewhere in this Yearbook). The manufacturer alone is responsible for the compliance work done under this route, and he is never required to obtain approval for the EMC he has decided to do from any third party.

The 1997 Guidelines also say that they expect many manufacturers to assess their own products for conformity to the EMC Directive, just as they are used to assessing the performance of their products against other technical requirements. The guidelines acknowledge that some companies may not wish to employ the necessary EMC expertise, or set up their own EMC test facilities, and may prefer to use third-party expertise and/or test facilities for part or all of their work instead.

At a meeting of the EMCTLA (the UK EMC Test Labs Association) in January 1998, I asked the assembled audience (who constituted senior representatives from most of the major UK EMC test laboratories) what they understood was really meant when a manufacturer self-declared a product against harmonised EMC standards. The best consensus we could come up with at that time (a grudging agreement with no major dissension) was that the manufacturer was saying: 

“I am making a legally binding claim that if you test any one of the products concerned against this list of standards, it will pass.” 

So, under the self-certification to standards route, the manufacturer is not saying that he has actually tested his products to those standards, or that if he did, they passed. 

So there is always a cost/risk decision to be made concerning the amount and quality of testing to be done. Very few companies (even the very largest) can afford to fully test every single unit of product that they manufacture, so almost all companies rely for their due diligence on a mixture of:

· Engineering best-practices in design, development, purchasing, and assembly;

· “Look-see” (so called) EMC testing;

· “Pre-compliance” (so called) EMC testing;

· Full compliance testing at accredited EMC facilities;

· On-site EMC testing (portable testing on the customer’s premises)

· Technical arguments;

· Feedback and complaints about interference problems from customers and others;

· QA procedures to control EMC.

Any EMC testing at any level may be carried out in the company’s own test facilities, which can even obtain accreditation from UKAS (used to be NAMAS) for the EMC tests they conduct.

The crucial thing is to achieve “due diligence” in compliance with the EMC Directive, and to this end the collection of documents that supports a manufacturer’s declaration of EMC compliance is often referred to as a “due diligence” file. Due diligence is a legal concept, and is determined on a case-by-case basis by the courts, which is not a lot of help since going to court is what we are trying to avoid. What is meant by due diligence is discussed below.

It can be hard to acquire the expertise necessary to know whether you are doing enough on EMC, but there are a great many sources of advice. These include EMC test laboratories and EMC consultants (see the directory of services in this Yearbook), and from the local telephone directory: DTI Business Links and Trading Standards Officers (the ultimate arbiters, short of a judge, but not necessarily very knowledgeable about EMC technical details).

Due Diligence and enforcement in the UK

Nobody wants to spend more on their products than they need to, which requires a cost/risk judgement to be made. This judgement must not be left solely to the design and development department. Although the costs of EMC testing and of acquiring EMC expertise are easy to estimate, the risks of failing to sell compliant products are not easy to even guess at. It may be worth bearing in mind that all the New Approach Directives, of which EMC is one, are based on trusting the manufacturer to be professional and meet his legal obligations, backed up with a very big stick to beat him with if he shirks his responsibilities.

The very big stick is the immediate suspension of sales throughout the EU, without the need for a court case. Most EU member states have additional penalties available, such as fines (UK and Germany) and product recall (Norway and Sweden). Suspension of sales also applies to stock in distributors’ warehouses and in transit.

Trading Standards Officers enforce the EMC Directive in the UK, and have the ability to immediately suspend a company’s sales of any or all of its products if they suspect they are not compliant. They do not need to go to court for this as they get these powers directly from the UK’s EMC Regulations.

The preferred mode of operation of Trading Standards Officers is to enforce compliance with the various laws they enforce without going to court, since court proceedings are expensive and time-consuming. A number of UK companies have already experienced suspension of sales due to EMC issues in this way. Suspension action by Trading Standards can last for a maximum of 6 months. Usually it lasts until companies can demonstrate that their products are now really EMC compliant, which often takes a few months, during which time competitors are winning market share and spreading rumours about the sudden disappearance of a product range. 

All the major decisions on EMC (what EMC performance to provide, what electromagnetic environments will the product be used in, how much should be applied) are marketing decisions, and getting them wrong can be a major blow to a company’s well-being and future prospects. Refer to my article: Marketing and EMC in the June 97 issue of the EMC Journal (pp 18,19) for more information on this. It may make good sense to spend proportionally more on the due diligence of a high-earning product sold throughout the EU, than on a low-volume product sold just in the UK which is not such a major earner.

Figures for one Trading Standards area showed that out of 10,000 complaints in one year they dealt with 5,000 by telephone or letter, and made 5,000 site visits. Many of these will have required the manufacturers to alter their product or the way they worked. Out of all of these complaints, only around 100 court cases resulted. This is all very well for keeping the costs of enforcement down, but unless a case goes to court the public are not made aware of the enforcement actions being taken, which leads to a false impression that there is no EMC policing going on in the UK. An article referenced below will provide more information on this topic. 

It is often said that Trading Standards have been given no extra money to police the EMC Directive, which is largely true, but this does not prevent them from policing. Accredited testing to provide legally-admissible evidence of a product’s failure to meet the EMC Directive can cost as little as £250. I have recently learned that Surrey Trading Standards are visiting every electrical and electronics manufacturer in their area to check their EMC due diligence, and have already issued a number of “compliance notices”, which often allow a manufacturer to keep selling as long as he is actively and quickly putting things right. 

Complaints to EMC enforcers can arrive from other member states’ enforcement offices, and the German authorities have purchased several hundred EMC receivers for their programme of product EMC surveillance. Complaints to EMC enforcers can also come from competitors. Given the low cost of providing legally-admissible proof of EMC failure it is surprising that more manufacturers don’t police their marketplace more vigorously, especially against cheap imports from the Far East (a high proportion of which do not comply with EMC and/or Safety Directives). Trading Standards are obliged by law to follow up every complaint, and are more inclined to issue a suspension notice under such circumstances. They are also more likely to ban non-compliant Far Eastern products from the EU since this does no harm to their local economies.

The best way to discover what the UK Trading Standards think is due diligence in EMC compliance is to ask your local Senior Trading Standards Officer, whose phone number will be in the local telephone book. They are keen to help, and much prefer to work with companies to achieve due diligence than to have to take action against them following a complaint.

The following articles may be of interest for those keen to know more about due diligence and the EMC enforcement actions being taken in the UK:

Reasonable Steps, by Jim Rackham (Principal Trading Standards Officer. Warwickshire County Council), The EMC Journal February 1997 pp 5 – 7. Tel: 01732 746 616, fax: 01732 746 617.

Due Diligence for the Small Business, by Jim Rackham (see above), IEE colloquium: “EMC for the Small Business 1998, IEE ref: 98/517, ISSN 0963 3308. Available from the IEE at Michael Faraday House, Six Hills Way, Stevenage, Herts, SG1 2AY tel: 01438 767 328 fax: 01438 742 792, email: sales @iee.org.uk

Due Diligence for the Small PC Manufacturer, by Dave Imeson, IEE colloquium: “EMC for the Small Business 1998, IEE Digest Ref: 98/517, ISSN 0963 3308. Available from IEE as above.

The EMC Directive: a Pragmatic Approach, by Ian Ball, IEE colloquium: “EMC for the Small Business 1998, IEE ref: 98/517, ISSN 0963 3308. Available from IEE as above.

Ensuring Compliance with the Law, by Warwickshire Trading Standards from their website: http://www.warwickshire.gov.uk/business/duedili.htm

Hundreds of Investigations Carried out Behind Closed Doors, by Jim Rackham (see above), Approval magazine July/August 1998 pp 26 – 27.

How Much to Test is a Question of Cost, by Nigel Harvey and Keith Armstrong, Approval magazine, March/April 1998, pp22 – 25.

Due diligence and enforcement in other EU member states

Other EU member states have different EMC enforcement regimes and different penalties for manufacturers based on their soil. In some member states (e.g. Norway, Sweden) product recall is the preferred method of enforcement, whereas in others (e.g. Germany) they are fond of large fines.

The following article will be of interest for those eager to learn more about EMC due diligence and enforcement outside the UK:

European Enforcement of the EMC Legislation, by Dai Davis, International Product Compliance Magazine, May/June 1998, pp 25 – 28.  Tel: 0171 387 8558, fax: 0171 387 8998.

It remains the manufacturer’s fault if he supplies non-compliant products

This is the case for any of the three routes to compliance, even where the manufacturer has a type examination certificate, or an approved TCF, or a “pass” test report from an accredited EMC test laboratory. The reason for this is that EMC assessments by third parties can only be valid for the actual unit assessed at its time of assessment. 

It is true to say that an EMC “pass” test report (or TCF) proves nothing at all about the EMC compliance of an apparatus. Only where a manufacturer (or user, in the case of an installation) has the control procedures in place to ensure that the EMC performance of his product does not vary with time for any reason can third-party assessments be claimed to have any relevance. 

And even where a manufacturer is no longer the owner of his product, he is required to provide the user with the necessary instructions to allow him/her to maintain EMC compliance.

What does it mean to “fully apply all relevant harmonised EMC standards”?

As will have been noted during the discussions on the TCF and Self-Certification routes, the phrase “fully apply the relevant harmonised EMC standards” is of great importance. No understanding of the routes to compliance with the EMC Directive can be complete without an understanding of what this phrase means. 

Unfortunately, this phrase is where we can get into differences of interpretation, and I have tried to describe the consensus view among EMC professionals in the UK below.

Taking the least contentious words or sub-phrases first:

“Harmonised EMC standards”

These are standards listed in the Official Journal of the European Community (usually abbreviated to OJEC, or even OJ) as having been accepted for purposes of self-declaration under the EMC Directive 89/336/EEC (as amended). 

A list of harmonised EMC standards is provided with this Yearbook, but new ones are added every so often so for an up to date list log on to DGIII’s website at:
 http://europa.eu.int/comm/dg03/directs/dg3b/newapproa/eurstd/harmstds/reflist/emc.html

“Relevant”

Sometimes the word “applicable” is used instead of “relevant”, but they mean the same here.
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“Relevant” standards are those which are most nearly applicable to the apparatus in question, and which cover the intended electromagnetic environment and use of the apparatus. The first pages of a standard always contain a “scope” section, and some examples of products or environments to which they apply. 

“Product family” or “product specific” harmonised standards should be chosen where they exist, but if none can be found that are relevant then the generic standards should be investigated to see whether they can be applied (see figure 2). 

Generics apply according to the environment of the product, rather than the type of the product, so their scope sections should be read carefully, along with their associated notes. As has been described above, where no standards are suitable the TCF route should be used instead.

To avoid having to buy all the standards to find out which ones are most applicable, first look in the list of EMC standards on the above website, or the similar list published elsewhere in this Yearbook. Make a list of the ones that might be relevant. Then take a closer look at the standards themselves by visiting the British Standards Institution library on the ground floor of their headquarters building at 389 Chiswick High Road, London, W4 4AL, or a good city or university reference library. Your local EMC test laboratory should also have a complete set of the common standards and should not mind too much if you want to look through them. Alternatively contact a test laboratory or EMC consultant and ask them to determine which standards are relevant. They will need to know about your product, including where and for what it is intended to be used, and they may charge you for this service. You could purchase all the possibly-relevant standards yourself direct from BSI or other providers, but they are usually quite expensive (even with a BSI member’s discount). 

Here are some examples of common standards, with a few notes on their applicability:

EN 55022 is the emissions standard for information technology equipment and business machines: the usual office equipment such as computers, printers, photocopiers, etc. It is not the relevant standard for a product containing a microprocessor (or even a complete 366MHz Pentium II computer) where the product is not intended to be used in an information technology office environment (what used to be called the “data processing room”). 

So a domestic appliance with microprocessor control is most likely to be covered for emissions by EN 55014. A piece of professional test equipment with a built-in Pentium II PC-compatible computer is most likely covered by the generic emissions standard EN 50081-1, unless it is intended for use only in industrial environments when EN 50081-2 probably applies instead.

There are four generic harmonised EMC standards: EN 50081-1/2 and EN 50082-1/2. The 50081 pair both cover emissions, and the 50082 pair cover immunity. The –1 suffix means that the standard applies to residential, commercial, and light industrial environments, whereas the –2 suffix means that it applies to industrial environments. Don’t rely on these simple definitions of their scope – read the standards carefully to check whether they apply fully.

Unfortunately, the generics are not generic enough to be a catch-all whenever a product-specific standard can’t be located. They apply to any apparatus powered by batteries or from the low voltage public mains supply (i.e. 110/230/400V, single or three phase), and which is used in or near their specified electromagnetic environments. The generics do not cover privately generated or mobile power supplies, because they create a different electromagnetic environment at least as far as conducted phenomena are concerned (may be easier in some respects, and worse in others). 
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The generic emissions standards state that the limits they set may not be low enough for applications where other sensitive apparatus is nearby. In such cases a TCF may be required. Similar restrictions should be assumed to be true for all product family emissions standards, whether explicitly stated (as in EN 55022) or not.

EN 50082-2 is the toughest of the two generic immunity standards, and states that it also applies to apparatus to be used in proximity to industrial locations (see figure 3), although what is meant by proximity is not stated.

Similar considerations probably ought to be applied to generic emissions standard EN50081-1. This is the tightest of the two generic emissions standards, and probably should be applied to apparatus which is used in “industrial” applications but may find itself in proximity to residential, commercial, and light industrial environments. A guide to what is meant by “proximity” in this situation is <30 metres. This situation often arises on factory sites where there may be offices, conference rooms, or even medical centres in the same building as a manufacturing facility using heavy electrical power. 

The generic immunity standards (and some product family immunity standards) state that they do not cover extreme environments, such as the close proximity of mobile radiotelephones. This restriction is looking a bit silly these days, when almost everyone uses a mobile phone or walkie-talkie and expects to use it while operating their PC, operating industrial machinery or process control equipment, or driving their car or truck. Extreme and unusual environments may make it necessary to use the TCF route, as discussed earlier.

Proximity to apparatus for which EN 55011 is the relevant harmonised emissions standard is also not necessarily covered by the generic immunity standards (or any other immunity standards). EN 55011 covers apparatus that uses radio frequency energy to perform its direct function, such as: plastic welders, RF induction heaters, RF–assisted arc welding, spark erosion machining, diathermic beauty products such as hair and wart removers, some sports injury treatment machines, etc. Such apparatus can be allowed to emit huge amounts of electromagnetic disturbances, especially if it comes under Group 2 of EN 55011, so can be a real threat to the correct operation of nearby electronics, and even a threat to public health. 

So a machine intended to be installed close to a plastic welder (such as a plastic bag sealer) on a production line may have to use a TCF for its immunity, rather than EN 50082-2, even though the plastic welder meets EN 55011 Group 2 for its emissions and is correctly CE marked. There is an example of a plastic welder in an aerospace manufacturer’s factory causing a mattress in a neighbouring bedding factory, some tens of metres away, to burst into flame due to the high field strengths being (quite legally) emitted.

So it is important for a manufacturer to consider all aspects of the use of his product and the limitations in the standards, when deciding which standards are relevant to his product (or whether he needs to use the TCF route instead).

A digression on safety
Another issue not covered by the harmonised EMC standards (or indeed the EMC Directive) is safety. EMC-related safety problems fall into two categories:

· Emissions that may give rise to direct hazards to health, or possible functional safety hazards through interference with other equipment in their vicinity;

· Susceptibility to some electromagnetic disturbances, no matter how infrequent, where the resulting degraded functionality can have implications for functional safety (think of a microprocessor controlling an industrial robot or machine). 

The relevant Safety Directives cover these aspects of EMC performance. The Machinery Safety Directive, Low Voltage Directive, Product Liability Directive, General Product Safety Directive, and a number of Health and Safety at Work Directives could all be relevant here. 

Electromagnetic disturbances are essentially statistical in their occurrence, especially those that tend to cause the most of the serious equipment malfunctions. An important issue when engineering the safety of an electronic apparatus is its “Safety Integrity Level”, which is described in full (along with how to apply it) for both hardware and software in the new IEC 61508 series of standards. This helps to determine the test levels for various electromagnetic phenomena. 

For example, in the list of extreme environments given earlier in this article was an example of the proximity of a hand-held radio transmitter. We can predict (from equations) that the typical field from a cellphone at full 2 W power will be 10 V/metre at around 1 metre distance (actually 0.8 metres). But in real life this is modified by absorption by the user’s body, by reflections from metal surfaces, and by the fact that the antenna is not really omni-directional (as our simple formula assumed). So we cannot be absolutely sure what the field strength from the cellphone will be.

If we physically prevent the cellphone from being any closer than 1 metre to the safety-critical product, what RF field immunity test level should we use? The higher the safety integrity level associated with the product, the more “safety margin” we require. If a malfunction of the equipment could result in a cut finger every few months maybe a doubling of the test level from 10 to 20 V/metre (at all possible cellphone frequencies) is all that is required. However, if a malfunction of the equipment could result in the deaths of a few hundred people once a century (think of Chernobyl) we may determine from IEC 61508 that a test level of 100 V/meter is required to adequately cope with the threat of a nearby cellphone.  – Please don’t use these figures, they are complete guesses for illustration only.

How to deal with electromagnetic disturbances to prevent direct hazards to health, or to achieve functional safety, is outside the scope of this article. There is very little written on EMC and functional safety, but the IEE hopes to publish a guidance document on this later in 1999.

 “ All”

EMC standards come in two main flavours: emissions and immunity. Occasionally a product family standard will contain both emissions and immunity requirements. Whatever, both the emissions and immunity of the product must be addressed by the relevant standard(s). 

Domestic and household products also have to meet two standards intended to protect the public low-voltage supply: EN 60555-2 for emissions of harmonics of the AC supply frequency; and EN 60555-3 for emissions of voltage dips and flicker. These are soon (January 2001) to be superseded by EN 61000-3-2 and EN 61000-3-3 respectively.

From 1/1/2001 all other types of apparatus powered from public low-voltage AC supplies will also come under EN61000-3-2 and EN 61000-3-3 (with a few exceptions listed in the standards). These are known as horizontal EMC standards, because they apply “right across the board”.

Where a product contains an assortment of technologies each of which appears to come under different EMC standards, a number of standards may need to be applied to make sure that all the electromagnetic phenomena are adequately covered. For example, an industrial machine will generally have its emissions and immunity covered by EN50081-2 and EN 50082-2, but if it is fitted with a fluorescent lamp then EN 55015 and EN 61547 may need to be applied to cover the emissions from the lamp and its ballast. This situation is usually best dealt with by the machine manufacturer  purchasing the lamp already compliant to EN 55105 and EN 61547, and then following the lamp suppliers’ EMC installation instructions to the letter, and not bothering to do any EMC on the lamp himself. 

In such a case, the machine manufacturer’s EMC compliance can be in the hands of the lamp supplier, so it is best for the manufacturer to check that his lamp supplier has done his EMC homework properly. The best confidence is probably achieved by obtaining detailed evidence of a pass test result to accredited EMC tests (or an approved TCF), plus a QA system that ensures continuing compliance in serial manufacture. 

An alternative becoming increasingly possible is to buy “EMC Certified” products, where a certification body has checked the test results and QA procedures to their requirements and applied their mark. This just transfers the burden of proof to the certification body, whose qualification procedures should be checked to ensure they cover all that the manufacturer requires for his own confidence.

“Fully”

This is taken to mean applying all the tests in the relevant harmonised standard(s). For example EN 50082-2 lists 13 tests in all. Some of them may not be applicable to the apparatus concerned (e.g. if powered by an internal battery during operation, the AC supply tests may not be relevant).

Some confusion exists over the presence in some standards of an “informative annexe” containing lists of tests that the standardisation committee intended to put in at a later date but had not yet finalised the details of. Some EU member states (not the UK) expect manufacturers to apply all the informative annexe tests, despite the fact that they are always marked “for information only”.

“Apply”

This is the last and most difficult word to interpret. The EC’s 1997 Guidelines on the application of the EMC Directive are unfortunately silent on this topic. Sadly, I am not going to be able to be definitive about this word, but hopefully the discussion below will assist in understanding its use. 

It is important to realise that the EMC Directive does not require standards to be “met” or “complied with”, or for the Declaration of Conformity to list standards as either being “met” or “complied with”. So for reasons of legal interpretation in case of a challenge (which could come under a variety of laws) – make sure that all data sheets, sales brochures, advertisements, etc., and EMC Directive documentation, only use the word “applied” in relation to EMC standards.

Varying interpretations of what the word “apply” means in the context of self-certification to harmonised EMC standards can still easily be found, eight years after the Directive was introduced, including the following: 

A. fully accredited testing to every part of the standard, ideally allowing a “safety margin” of say, 6 dB, to allow for unavoidable production variations;

B. pre-compliance testing with quantified errors, with full compliance testing for those EMC aspects that look marginal (ideally after allowing a “safety margin” of say, 6 dB, to allow for unavoidable production variations);

C. spend a little time thinking about each test in the standard, and do some sort of EMC test (however crude) if you don’t feel confident it would pass a full test.

Strangely, some EMC test labs tend to favour A), whereas some other EMC test laboratories and the manufacturers of low-cost EMC test gear tend to favour B), and manufacturers of low-volume and/or custom products tend to favour C).

It is probably fair to say that for many companies A) may only be justified when customers require full reports from accredited laboratories, or when they are required by a company’s corporate culture. Many larger or prestigious companies automatically require either a full accredited test report, a TCF, or a type examination certificate, to be file for every one of their products.

Interpretation B) is probably adequate for many companies, but beware: it is easy to suffer errors of over ±20dB in EMC pre-compliance testing (meaning that the actual value may be somewhere between one-tenth, and ten times, of the measured value). Errors of ±30 dB are not unknown (roughly equivalent to between one-thirtieth and thirty times). Where an EMC test facility and its procedures has not had the benefit of being set up and regularly checked, measurements can easily be seriously in error. All accredited test laboratories can offer pre-compliance tests at a lower rate than full compliance tests, but they still need to be able to demonstrate quantified errors for their pre-compliance tests.

Methods of regularly checking a pre-compliance facility for errors include:

· Visits from an acknowledged EMC testing expert (and always following his approved procedures and techniques when he is not there);

· Comparing pre-compliance results with full test results from an accredited EMC test lab on the exact item of apparatus with exactly the same leads, and achieving a good correspondence;

· In serial production of a low-cost product: keeping the original product which was fully tested at an accredited test laboratory, and using this “golden product” to check that the pre-compliance tests for that model of product only are still as accurate as they were originally (see the bullet above);

· Using a Comparison Noise Generator (a standard broadband noise source) to help remove some of the uncertainties from the test site. This may not be as straightforward as it seems at first;

· A combination of all of the above methods is usually the most cost-effective overall.

Serious and unknown errors in pre-compliance EMC testing is known to have led in the past to:

· wasted man-years of unnecessary remedial efforts being spent to try to cure an apparent EMC problem that was in fact an artefact of the test;

· wasted unit costs on filtering and/or shielding that was not necessary, to cure an apparent EMC problem that was in fact an artefact of the test;

· the unwitting sale of non-compliant products. 

The third interpretation is generally only suitable for EMC experts with a great deal of experience in the EMC performance of the apparatus concerned. It may sometimes be an acceptable interpretation for an EMC expert working for a company that makes large numbers of variants of the same technology. E.g. a company making large numbers of personal computers might adopt this interpretation concerning a PC that only varies from one that is known to pass a full compliance test by having a different amount of the same type of DRAM fitted to the same version of motherboard.

It is often said that the less a company spends on high-quality (read “accredited”) EMC testing the greater the commercial risks they are taking, but this is only true given a fixed level of EMC expertise. A company with a high level of EMC expertise can achieve a very high level of confidence and due diligence without spending very much on testing, but then this level of expertise is usually not available at low cost.

The need for EMC expertise

The only general conclusions that can easily be drawn is that because EMC is a complex topic, and because it is difficult to make EMC measurements accurately (e.g. within ±10dB of another test laboratory), EMC expertise is always necessary at some or all stages in a product’s lifecycle. 

Manufacturers generally obtain the necessary EMC expertise by combining a number of techniques:

· Buying known EMC compliant sub-assemblies or “modules” (but how do they know? – the CE mark provides no legal assurances);

· Employing EMC experts in design and assembly techniques to help ensure that their products will pass EMC tests if/when they are tested;

· Developing their own in-house EMC test facilities (equipment costs from as little as £500 to as much as £500,000, depending on the quality and range of the tests) and the staff with the expertise to perform the tests. (But how do they know the tests don’t have gross errors? – see above);

· Using third-party EMC test laboratories, ranging from the cheap and cheerful (have they checked that they know they don’t have gross errors? – how do they know this?) to accredited facilities (which themselves range from one-man outfits to large companies capable of handling dozens of clients at any one time). 

(Note that EMC test laboratories can only be accredited on a test-by-test basis, and only a few of those claiming to be “accredited laboratories” can actually offer a full set of accredited tests.)

A big problem with expertise is that if you have none, how can you tell that you need it? Often it seems that a little knowledge breeds even more contempt than no knowledge. And when you have a little knowledge, or none (and no contempt), how can you judge whether the “expert” or test laboratory you are thinking of hiring is as good as claimed? The answer is always to ask to see the evidence.

Evidence of expertise in self-certification to standards is also what an investigating Trading Standards Officer (TSO) will want to see if he is investigating a company. Experience so far is that this will always require some evidence of money spent on testing, and of favourable testing results. The amount of money to be spent on testing appears to be commensurate with volume and value of product concerned and the “risks to the customer and the public” of getting EMC compliance wrong.

This has been a rather long discussion on what is meant by the phrase “fully apply all relevant EMC harmonised standards”, and the largest problem that still remains is the meaning of the word “apply”. 

Trading Standards advice is that if it is reasonable to do a thing (e.g. apply a test, apply some expertise) then it should be done. This is only helpful up to a point, since the word “reasonable” is itself a legal term based on precedent. The “Achieving Due Diligence with the Law” article from the Warwickshire website (detailed above) is very helpful here, as it gives the legal judgements on which Trading Standards base their approach to enforcing New Approach Directive such as EMC.

All companies take their costs and profitability into account when judging whether a thing is reasonable or not, and may not realise that in some cases the legal view of “reasonable” is different, and may not be as concerned about a company’s profitability or even continuing existence. This probably is truer for safety compliance issues than for EMC, but the warning is still valid.

The relevance of company cars and premises to due diligence in EMC

TSOs have told me that when they visit a company they always check on the value of the cars in the car park. Often, quite small companies will have late-model high-specification BMWs, Mercedes, Jaguars, and the like parked in their Directors slots. 

The TSO has already calculated the total leasing bill on the stable of company cars (and possibly the building too) well before meeting the Technical Director. When the TD starts explaining to him that their marketplace is too cost-competitive to allow them to spend a few thousand pounds on third-party EMC testing, or on in-house test equipment, or on EMC expertise, the TSO’s bullshit detectors are already beginning to providing meaningful output. 

TSOs know what product gross margins are, and they know what “essential” overheads these gross margins pay for. 

Meeting a standard cannot guarantee compliance with the Protection Requirements

All EU Declarations of Conformity to the EMC Directive require a declaration of conformity with its Protection Requirements. 

Briefly put, this is a legal statement by the manufacturer’s EMC responsible person that the apparatus concerned will not cause any interference problems due to its emissions, and will function acceptably (when properly installed and maintained) despite the electromagnetic disturbances present in its normal environment.

Of all the three routes to compliance, the self-certification to standards route is the one most likely to cause a problem with meeting the EMC protection requirements. Despite the fact that the whole single market depends on harmonised standards, no-one can ever guarantee that they are going to be adequate in all circumstances, hence the need for the EMC Protection Requirements (and similar “essential requirements” in all other New Approach Directives).

The Directive allows for products to be suspended from sale throughout the EU if they cause or suffer from interference when used as intended, even when they fully comply with the relevant harmonised EMC standards when tested. The likelihood of actual suspension probably depends on the seriousness of the interference problems experienced. Norway and Sweden operate a product recall regime and may add this to a suspension of sale if interference problems are serious.

The generic emission standards state that the limits they set do not guarantee freedom from interference when radio and TV antenna are 10 metres away (for EN 50081–1) or 30 metres away (for EN 50081–2). Such distances are often not achieved, so a manufacturer ought to consider the likelihood that his product will actually cause radio or TV interference. This requires comparing the product’s emissions spectrum and levels with the frequencies used by nearby radio and TV receivers. He should also consider what would be the likely response from his customers to incidents of interference, and what his commercial and legal exposure might be. 

Manufacturers of industrial products are often considered to have it easier than mass-produced consumer goods, since their products are usually professionally installed and commissioned, and they assume that their customers will telephone them right away if they suspect that anything is wrong. The only trouble with this is that interference problems are notoriously difficult to track down, and after losing several weeks production an industrial user might wish to recover his losses by suing his suppliers. For example, Andrew Lloyd Webber’s Sunset Boulevard was delayed for 3 months by London taxi radiotelephones interfering with its stage control systems.

Self-certifying manufacturers need to be sure that they are applying all the standards necessary given all reasonable applications and environments of their products. It may be that some testing outside the phenomena and/or limits used by the harmonised standards will be necessary (see figure 4), but this does not mean that a TCF route must be followed instead. 
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Examples of mobile radio telephone proximity problems

Some manufacturers may find that to meet the EMC Protection Requirements, without incurring significant “due diligence” costs and delays, they may need to restrict their sales in certain markets, and/or provide clear instructions about how their product is to be used.

For example, a hearing aid manufacturer will probably need to warn users that the sound quality of his products will suffer if cellphones are used nearby.

Conclusions

Self-certification to standards requires the full application of all relevant harmonised EMC standards to a product, and their listing on the manufacturer’s Declaration of Conformity.

The manufacturer must also declare that his product meets the EMC Protection Requirements.

The manufacturers makes his own cost/risk judgements and decides how best to achieve due diligence in meeting his responsibilities. No third-party involvement is mandated.

EMC expertise, whether in design, testing, or QA, will be required for all electrical and electronic  products covered by the EMC Directive.

Unfortunately, none of these issues has a simple universally agreed definition.
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Standards applied must be appropriate to the intended electromagnetic environment.

Where two or more product standards are relevant, they must all be applied.

Choosing EU harmonised EMC standards 

for the self-declaration route:

Can now start 

to design 

the product

Other EMC standards 

required by contract or 

non-EU country?

For conformity to the EMC 

Protection Requirements:

are other standards or 

tougher limits required to 

cope with the expected 

environment?

Yes

Yes

No

No

No

Product 

specific

emission 

standard?

Generic 

emissions 

standard?

No

Product 

specific

immunity 

standard?

Generic 

immunity 

standard?

Technical Construction File Route instead

From 2001...

Apply supply 

harmonics 

and flicker 

standards

(or connect to 

supply after 

authorisation)

Yes

Yes

[image: image8.wmf]Figure 4  Relationships between standards, Protection 

Requirements, and electromagnetic environment  

Totality of 

possible 

electromagnetic 

issues

The 

electromagnetic 

issues relevant 

to meeting the 

EMC Protection 

Requirements 

The 

electromagnetic 

issues addressed 

solely by meeting 

harmonised 

standards

[image: image9.wmf]Figure 3 

Proximity to fields from heavy power installations
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