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This article is based upon a presentation by Keith Armstrong to the EMC Test Labs Association’s (EMCTLA's) seminar "CE+CE=CE?" on the 27th January 1998. It describes the little-used but powerful "RSS approach" which can provide very simple and low-cost EMC compliance for companies who create their own products by integrating electrical and electronic products made by others. 

Given a wide adoption of this technique, there seems little reason why it should not be widely used in future. From the very favourable reactions of EMCTLA attendees on the 27th January, it appears that it should not be too difficult to develop this technique so that it may be easily used by all integrators.

The RSS approach to EMC compliance is a simple spread-sheet based ‘technical argument’ that can help companies who assemble products, systems, or installations made entirely from electrical or electronic units they purchase from other companies, achieve EMC compliance using the Technical Construction File (TCF) route.

The units that they buy may be modules, sub-units, or may even be entire equipment (such as rack-mounted instrumentation, computers, etc.). In this article we will call these companies “integrators” for short, and we will call all the units they integrate “components”.

Typical integrators include industrial control panel manufacturers, and process instrumentation and control engineering companies. The components they use include PLCs, drives, instrumentation, signal conditioning, power supplies, pneumatic and hydraulic solenoids and proportional valves, etc., but they may also use 19" rack-mounted units and modules which fit in such racks (e.g. VME ) as well as computers, VDUs, bar code readers, and touch screens. 

Personal computer assemblers may also be considered to be integrators: the components that they integrate include motherboards, disc drives, power supplies, I/O cards, etc., and they assemble these into cabinets.

Estimates of the number of integrators who try to comply with the EMC Directive range from 5% downwards, and this seems to be because EMC testing is relatively expensive when applied to small volume manufacture.

The RSS approach enables integrators to rely upon their component suppliers’ EMC test data to show EMC compliance for their final product. This approach saves a great deal of money and time overall, as it removes the need for final testing. 

The RSS approach is especially attractive to integrators involved in small volume manufacture and custom-engineering, for whom applying full EMC testing of each type of product is not a commercial possibility.

When fully developed, hopefully be in the not-too-distant future, integrators will be able to select their chosen components from suppliers' floppy discs or CDROMs, or from the Internet; then automatically download the components immunity and emissions data into an RSS spreadsheet which will calculate the EMC compliance for the final product against the chosen standards. It will be possible to trade the savings of using cheaper components against the costs of the additional filtering and shielding they are likely to require, again using data from various storage and communication media. In this possible future world, EMC compliance for integrators could be a very small chore indeed. 

It is also expected that – since the RSS approach relies upon the use of component parts which actually do have good EMC performance plus the use of assembly and installation practices that are known to be good for EMC – the resulting time savings in final test and commissioning will provide a net financial gain for integrators, and also help ensure that products are more reliable when used in real applications, giving a lower cost of ownership for their users.
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The RSS approach is not a CE + CE approach. It would be ideal if we could have confidence in the EMC compliance of a final product that had been constructed entirely out of CE marked components, but we cannot. 

(By EMC compliance we mean compliance with the EMC Protection Requirements, the essential legal requirements of the Directive, and not merely a presumption of conformity.) 

The CE + CE approach to compliance is very risky for integrators because: 

· Some component suppliers lie, and their products are actually non-compliant (despite being CE marked and having Declarations of Conformity).

· Some suppliers don’t try very hard, and CE mark their products using unreliable data (their due diligence is not as good as the integrator needs).

· Some suppliers do try hard, but get it wrong (usually through lack of expertise).

· The EMC test methods used for the components often differ from their real-life assembly (this makes a nonsense of such component EMC test data as exists).

· Some EMC test labs may not achieve the accuracy claimed in the test report (some test labs are unable to calculate their measurement accuracy, or fail to take account of all sources of error).

· The emissions from the components add up. (Having been made down to a price, some components often just scrape under their emissions limit lines. The additional emissions from other components can make the final products' overall emissions excessive.)

UK case law has established that it is often not "due diligence" for a company to rely solely on another company's compliance statements to ensure compliance for their own products or activities. This is explained further, with details of the relevant legal cases, in the document "Ensuring Compliance with the Law" from Warwickshire Trading Standards, available on their website www.warwickshire.gov.uk. under the Trading Standards heading.

Even where "due diligence" might legally have been achieved by relying on someone else's statements of conformity, customers upset by poor EMC performance will tend to vote with their feet, so following a procedure such as the RSS approach described here makes good commercial sense. 

How the RSS approach works:

1) Components are tested for emissions and immunity, whilst set up as they are realistically intended to be used by following the installation instructions provided to the integrators. 

2) Suppliers make the full installation instructions for their components available. These instructions must follow what are considered to be reasonable practices for the industry concerned. When they were tested the components should have been set up following exactly those instructions, with all their cables fitted and their emissions maximised.

3) Suppliers make the full EMC test data available, preferably on a floppy or CD-ROM in a data format which is compatible with typical spreadsheet programs for ease of use.

4) The integrator checks that each of the components he has chosen for his final product has adequate immunity for the application. (It is reasonable to assume that if each component is immune enough, the whole  assembly will be too providing the components are installed in exactly the way that they were when they were EMC tested.)

5) The integrator then “adds up” the emissions from all the components using the RSS method, taking filtering and shielded enclosures into account by using their attenuation data.
6) The integrator chooses components, filters, and shielding, so that the total "RSS-ed" emissions for his final product are below the emission limit lines in the chosen standard, for both conducted and radiated. It will often prove to be the case that a more expensive component with better EMC performance, which allows the limits to be met without the use of additional screening and/or filtering, will turn out to give the lowest-cost compliance.

7) The integrator then assembles and installs the chosen components and their filtering and shielding following their suppliers' installation instructions exactly. Where the component installation instructions fall short, the good practices described by the IEC 61000-5-x standards should be used. In particular: IEC 61000-5-2 deals with grounding, earthing, and cable routing in installations (i.e. between electrical cabinets), whilst IEC 61000-5-6 deals with assembly inside electrical cabinets, including filtering and shielding. (IEC 61000-5-2 has just been published, but IEC 61000-5-6 is only available in draft from British Standards as 95/2108789DC).

What RSS means:
RSS stands for "the Root of the Sum of the Squares", the very well-known and long-established standard technique for summing uncorrelated noise sources. 

All RSS mathematical operations must be used on linear quantities, not the dBV (or dBV/metre) used by EMC tests. So to RSS a number of emissions at a given frequency, they are first converted to ordinary V, then each one is squared, then they are all added together, and finally the total is square-rooted and converted back into dBV (or dBV/metre).

For example: 10 identical items will have an RSS-ed total uncorrelated emissions 10 dB higher than the emissions from one of them. 100 identical items will have an RSS-ed total 20 dB higher than from a single one.

Components operating from a master clock may experience correlated emissions, which add up linearly and cannot be RSS'd. A fully-developed RSS spreadsheet will include columns for such emissions, so that the RSS technique may be used by those who assemble PCs and computing systems.

Which compliance route should Integrators using the RSS approach follow? 

There is insufficient evidence (as yet) that using the RSS approach would give a high degree of confidence that harmonised EMC standards would be met if the finished product was tested, so when using the RSS approach the self-declaration to standards route cannot yet be recommended.

However, the RSS approach is a reasonable technical argument for meeting the Protection Requirements, so integrators using RSS are recommended to follow the TCF route using a Competent Body who has plenty of experience in their applications area.

Since industry standards for component test methods for different application areas do not yet exist, the RSS approach requires considerable EMC expertise to check that component EMC data is suitable, and that the assembly/installation methods used by the integrator correspond to the test methods actually used during component EMC testing. 

This expertise will be available from those Competent Bodies who are experienced in the integrator’s application area, and they should be involved right from the beginning of the project. Less expertise may be needed in future, when RSS is better established and large numbers of components are available which have been tested using standardised methods.

An example of the RSS approach for an industrial control panel.
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Firstly, all the components are analysed for their contributions to immunity and emissions, and the insignificant ones ignored. 

For this example a PLC, a motor drive, and a panel meter, are the significant components for EMC compliance. 

Component EMC test data is obtained from suppliers and checked for realistic test set-ups, correct test methods, and realistic installation information. The test lab concerned is also checked for the confidence that may be had in their results.

The immunity of each of the components is checked for adequacy against the specification for the final product. Then their emissions are investigated.
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RSS-ing the conducted emissions

Figure 1 shows the PLC's conducted emissions, figure 2 those for the motor drive, and figure 3 shows those for the panel meter. 

This example uses actual data from components measured using a peak detector, and compares the RSS-ed result with the chosen Quasi-peak limit line. 

In a real application of the RSS approach, Quasi-peak detector test data would be used and RSS-ed against the Quasi-peak limit line, and Average detector test data would be RSS-ed against the Average limit line.

[image: image4.wmf]Figure 3:   Conducted emissions from the Panel Meter
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RSS-ing every single data peak would create a lot of data, creating especial difficulties when working from paper plots provided by test labs. 

A convenient data reduction technique is to convert the emissions line spectra into bar charts by breaking the spectrum into the usual "log-sweep" bands. 

[image: image5.wmf]Figure 4: “Blocking” the PLC conducted emissions
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For each band the highest emission is identified and applied to the block for that band. More bands means less possibility of over-engineering, but  more paper-work and calculations. 

Figure 4 shows the PLC conducted emissions after "blocking". Similar graphs result for the other two components (motor drive and panel meter). 

The next step is to enter the reduced (blocked) data into an RSS-calculating spreadsheet, as shown in figure 5. 

Figure 5 reveals a problem: the final product’s RSS emissions exceeds the chosen limit (the Quasi-peak limit for EN 50082-1 in this example) below 1 MHz, so a filter is required. 
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The conducted emissions data entered into an RSS-calculating spreadsheet
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Filter attenuation is added to the RSS-ed total in dBs, and not treated like a component. A problem with filters is that when their source and load are not exactly 50 they can provide gain at lower frequencies (or at least not as much attenuation as expected). 

Since we don’t know the actual source or load impedances, or the nature of the emissions, to be safe we create a worst-case filter curve taking into account the filter attenuation data provided for 50/50, 0.1/100, and 100/0.1 terminations, and for both CM and DM (SYM and ASYM) signals. Filters only provided with 50/50 data should be avoided, since their actual performance will be much worse than this over-simplified data appears to promise. 

Figure 6 below shows the RSS spreadsheet for the overall Quasi-peak emissions resulting from the use of an adequate filter. A similar exercise is carried out to check that the emissions measured with an Average detector would be below the Average limit line. If the total RSS-ed peak or Quasi-peak results are under the Average limit line there is no need to bother with this calculation, since the Average detector always measures the same or less than the Quasi-peak. 

To achieve the filter performance indicated by its suppliers' data (even the very worst-case filter attenuation data as described above) requires the correct use of good EMC techniques in positioning, fixing, and cable routing. These should be described by the filter's installation instructions, but if not can be found in IEC 61000-5-6.

RSS-ing the radiated emissions
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Revised RSS spreadsheet with adequate choice of filter
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A similar approach to conducted emissions is employed for RSS-ing radiated emissions. Any enclosure shielding attenuation is added to the RSS-ed total (if required) and not RSS-ed as for  the component data. A worst-case attenuation graph is created from the enclosure suppliers’ full test data for magnetic and electric fields, and plane waves – and only this combination data may be used. Beware of using enclosures with just a single curve for their shielding specification (or worse – a single attenuation figure).

Achieving even the worst-case shielding specifications in practice needs considerable EMC expertise, including attention to the shielded cable types used and their shield terminations. Unshielded cables entering a shielded enclosure will have to be filtered, and their filters must  provide the same or better worst-case attenuation at the frequencies that the shielded enclosure is required to provide. As before, it is vital to use the correct filter mounting details. Always follow the enclosure manufacturers detailed assembly and installation instructions and good EMC practices such as those described in IEC1000-5-6, and always discuss these with the Competent Body early on to save having to alter the assembly later on.

The rest of the RSS-based TCF

The rest of the TCF should include the various descriptions, drawings, user instructions, photographs, and other items required by the chosen Competent Body; as well as the component test data, filter and shielding data, and final RSS spreadsheet. Always involve the Competent Body from start of a product design, don’t just dump the TCF on him at the end!

A single “procedural” type of TCF that covers all future products covered by the TCF is possible. Although this requires extra work on controlling the company procedures for purchasing, design, and assembly, EMC compliance can be easier for each subsequent product, and less costly overall.

The future of the RSS approach
SGS and Cherry Clough have pioneered this technique so far, but they are happy for everyone to use it and SGS are making a free RSS spreadsheet disc available to all, complete with instructions and a tutorial.

RSS-based TCFs are already in existence (and others are in draft) from a number of Competent Bodies.

To achieve the full potential of this method for industry-wide benefits needs a wide agreement on real-world assembly and installation methods, and the corresponding EMC test set-ups, for different application areas. It also needs a wide agreement on the frequency bands to be “blocked” and the method used in the above example, of using the usual log-sweep bands, is proposed.

An example of a typical issue is the termination of screened cables. If two units are to be connected together by a signal cable, and the instructions for one unit state that it must use a screened cable with only one end of the screen terminated while the instructions for the other state that it must be installed using screened cable with both screen ends terminated, then it is impossible to install the units together in a way that preserves both of their individual EMC test performances. 

These differences are one of the reasons why considerable EMC expertise is needed to use the RSS approach at the present time. The establishment of common assembly and installation rules for different application areas will encourage component manufacturers to provide EMC test data from appropriate test set-ups and make life (and EMC compliance) so very much easier for their integrator customers.

At the EMCTLA meeting on the 27th January 98 where this paper was first presented there was a great deal of interest from test labs, Competent Bodies, and component suppliers, and no negative comments at all. It seems that working groups to decide on the above issues may be set up soon.

We hope this has been helpful.

For more information on the RSS approach, or an example RSS spreadsheet (in EXCEL format) contact John Whaley of WWIEA Ltd or Keith Armstrong of Cherry Clough directly (contact details given at the top of this paper).
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The RSS approach to achieving EMC compliance
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[image: image9.wmf]Figure 1:   Conducted emissions from the PLC
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[image: image10.wmf]Figure 2:   Conducted emissions from the Motor Drive
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[image: image11.wmf]Figure 3:   Conducted emissions from the Panel Meter
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[image: image12.wmf]Figure 4: “Blocking” the PLC conducted emissions
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The conducted emissions data entered into an RSS-calculating spreadsheet
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Revised RSS spreadsheet with adequate choice of filter

Components

RSS of final product

Results

Frequency

band

PLC

Motor

Drive

Panel

Meter

Comp's

only

2nd

Filter

Final

product

Limit

EN5

0082-1

Margin

(>3dB)

Pass

?

0.15

64

78

50

78.2

-12

66.2

79

12.8

P

0.2

50

76

55

76.0

-17

59.0

79

20.0

P

0.3

48

75

52

75.0

-20

55.0

79

24.0

P

0.4

55

75

47

75.0

-25

50.0

79

29.0

P

0.5

54

75

39

75.0

-29

46.0

79

33.0

P

0.6

53

75

33

75.0

-30

45.0

73

28.0

P

0.7

50

74

25

74.0

-32

42.0

73

31.0

P

0.8

43

74

29

74.0

-34

40.0

73

33.0

P

0.9

48

73

33

73.0

-35

38.0

73

35.0

P

1

57

72

48

72.2

-38

34.2

73

38.8

P

2

50

69

50

69.1

-43

26.1

73

46.9

P

4

45

60

49

60.5

-44

16.5

73

56.5

P

5

46

57

44

57.5

-45

12.5

73

60.5

P

6

51

51

41

54.2

-46

8.2

73

64.8

P

7

55

46

51

56.8

-47

9.8

73

63.2

P

8

56

48

52

57.9

-48

9.9

73

63.1

P

9

54

40

42

54.4

-49

5.4

73

67.6

P

10

68

44

50

68.1

-50

18.1

73

54.9

P

20

50

30

60

60.4

-64

-3.6

73

76.6

P

30

50

30

60

60.4

-40

20.4

73

52.6

P

_972056099.ppt


Figure 1:   Conducted emissions from the PLC
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Figure 3:   Conducted emissions from the Panel Meter
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Figure 5 

The conducted emissions data entered into an RSS-calculating spreadsheet
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Figure 6

Revised RSS spreadsheet with adequate choice of filter
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Figure 4: “Blocking” the PLC conducted emissions
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Figure 2:   Conducted emissions from the Motor Drive 
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CE + CE = CE cannot be relied on, in general

CE+CE+CE+CE+CE+CE+CE+CE+CE+CE+CE+CE
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