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NON-CONFIDENTIAL

ELECTROMAGNETIC COMPATIBILITY TESTING FOR VOLLIME PRODUCTION

R I Wrigley, T J Brown, Pera, Technology Centre, Melton Mowbray, Leicestershire  LE’i 3 OPB, UK.
B J Cahill, A C Marvin, J F Dawson Department of Electronics, University of York, Heslington, York
YO1 5DD, UK.

Abstract

This project was initiated by the need of the
European manufacturing industry to address the
issue of ensuring the compliance of their
manufactured products to the requirements of
the European Directive on Electromagnetic
Compatibility. The particular concern was that of
volume manufacturers who were small and
medium enterprises.

The project needed to review the basic method
of characterizing the EMC performance of a
product in particular its radiated and conducted
emissions and its radiated immunity
performance. A much smaller test environment
was designed using computer modelling
supported by practical assessment. This
resulted in a near conformal  test cell capable of
testing a product up to the size of a single shelf
in a 19 inch rack. The test cell was designed to
be used in a production environment and
therefore a control system was designed that
provided a simple user interface. In addition a
detailed methodology was developed that would
enable the test system to integrated into the
manufacturing environment.

1, INTRODUCTION

The specific industrial objective of the project
was to provide European SME’S (Small and
Medium Enterprises) manufacturing electronic
equipment, with product test technology for
Electromagnetic Compatibility (EMC), in
response to the European Directive on EMC
89/336/EEC.  The main emphasis of the project
was to address the manufacturing environment
as this would present future problems for all the
electronics industry, as the directive requires all
product to comply and not just the type approved
unit,

Therefore developed technology aimed to
reduce manufacturing costs, and increase

product quality and inter-otwrahitity in an
environment where the electromagnetic
spectrum is under increasing pressure from the
proliferation of electronic products.

The consortium of companies fa~med to support
this project represented a spectrum of inter=sts
from component suppliers to end-users. This
diversity shaped the project to ensure that a
realistic set of industrial adjectives were
specified.

The main technical objective of the projeci was
to produce a small test erwircmment,  a ost
conformal  with the EUT (Equipment Under Test),
and maintain the accuracy of measurement.
The standards for emission and immunity test ng
require the use of either a large -CIpen Area Test
Site (OATS), or a screened enciasure with= hmit
on the reflections, which norn-[ally  involves the
lining of the chamber with cost!y  RF ane=~oic
material. These test environments are normally
many times the size of the EIUT and therefore
require considerable production area to h=~:se,
and in addition will cost in excess of f50, 000 for
the enclosure.

The project objective was ta be achieved
through the following activities:

the development of a novel antetina
array and enclosure d=sign  capable of
measuring the radiaied and conducted
emissions from equipment under test in
such a form as to allow ccmparis~=m  of
the results with conventional test
arrangements.

the test cell should be capable of
undertaking radia:sd and mains
conducted emissicms  testing, and
radiated immunity testing.

to develop a test erwironment ca~able
of evaluating product to the mlain
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requirements of the European
Standards EN 50081-1 and EN50082-I,
by referring the results to a “Gold
Standard” for each product.

the development of a design for
manufacture methodology for optimum
EMC performance of high volume
electronic assemblies and equipment.

to reduce the cost of EMC testing by
80% from using conventional test
methods.

to characterise the cell performance to
ensure reliable and repeatable
performance.

The project was established with a two year
research and development program me
commencing in July 1994 and completing in
June 1996. The consortium were keen to ensure
that the project was able to provide a solution
near to the date 1 January 1996, as this was the
date of the full implementation of the European
Directive on EIVIC, The project would research
and develop the technology capable of meeting
the objectives, and undertake exhaustive
prototype testing to ensure the new test cell
performed as required. The consortium would
then take the technology and quickly develop it
into a commercial product for the European
market.

2. TECHNICAL

The developed

DESCRIPTION

technology consists of a novel
test enclosure with an array of input and output
signal and power connections. Supporting the
test cell is an assembly of low cost test
equipment under PC control, where the PC
provides a graphical user interface for production
environment testing. To enable the easy
integration of the test cell technology into the
production situation, a methodology was
developed.

2.1 Requirement
The technical requirement of the project was
significant, with the aim of condensing a normal
RF (Radio Frequency) radiated emissions test

site down from 10m x 4m x 51_-1 io approximately
1,5m x 1 m x 1 m. This wouki present se’vsral
problems including the interactiac  between the
EUT (Equipment Under Test) and the antenna,
control of reflections, and the understanding of
the signal received in relation to that emitted by
the EUT.

In order to provide the necessaly parameters as
to the form of this test cell, these were the sfiape
and size of the environment, and the signal
receive and launch mecharisfn, a seri== of
computer models were developed by’ the
University of York.

At the start of the project, the consc+urn
determined the outline specification, including
the maximum EUT size tha~ the developed
technology would be required to test. This was
determined as 0.6m x 0,5m x Q,3m (wi?t!i x
depth x height).

2.2 Organisation of the work
The three research organisatlarw  split the work
to provide a complementary approach to
completing the objectives of the project [n
summary, Pera was responsible for the project
management, system design and integration,
interface design and some correlation The
University of York was responsible for the
fundamental design of the test cell shape,
antenna design, splitter and impedance
matching. CETIMl was respc=sible  for some of
the product evaluation and prdominant;y  the
methodology development.

~
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I 1
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I
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Figure 1: Overview of the pr~!~ct  prograniine
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2.3 Modelling work
The design was based on the details determined
from the industrial survey, which defined the
representative equipment under test (EUT) as
having the dimensions 0,6m x 0.5m x 0,3m with
one power cable and up to fifteen signal cables.

The electromagnetic design of the test cell was
determined by the need to replicate, with
adequate fidelity within the cell, the
electromagnetic field structure at the surface of
the EUT found in conventional EMC tests. That
is to repiicate the free radiating conditions found
in open field test sites, and the incident field
found in immunity measurements.

The first aim of the modelling  programme was to
determine the fieid structure and, if possible, the
sensitivity of the EMC performance of the EUT to
changes in the field structure. The remainder of
the outline design was then concerned with the
operation and observation of the EUT. As the
electromagnetic design is passive and linear, the
test monitor would be reciprocal, that is both
immunity and emission measurements would be
possible. The correlation of the measurements
would however be different in each case.

The TLM (Transmission Line Matrix), described
below, method was used to provide the
backbone of the simulation work at the
University of York with the NEC, described
below, playing a model validation role, These
models were used to determine the induced
currents on the walls of the EUT when irradiated
by a free-space plane wave, A similar model, but
with the EUT enclosed in the measurement cell
then enabled correlation between the two
methods. The objective was that designs could
be accurately modelled in a matter of hours and
implemented or discarded as appropriate. Once
the test cell was constructed, this prototype was
used to validate the models, and calibration and
correlation data was produced.

TLM (Transmission Line Matrix)
This modelling method is good for closed
systems consisting of planes and blocks of
material. This code maps the fields within the
defined region as a function of time, Data can
then be extracted in the form of electric or

magnetic fields or vector currents as a function
of time or frequency.

NEC Code
This is a thin wire model based cn the Method of
Moments. This package is suited to t5e solutions
of free-space problems. Surfaces may be
considered by replacing plan=s with crossed
wires with a suitable element spacing.

2.3.1 Design aspects of the cdl
One of the key aspects of tthe test cell design
was the need to insert each EUT and its cables
into the test cell in the same physjcal  orient~iion.
It was thought that the repea~ability  of ths test
performed in the test cell would be lar@y
determined by the stability cd the cable l+mut
particularly as the volume occupied by the ZJT
and its cables would be a substantial fract~fin of
the total test volume, This necessitated the use
of a pallet into which the EUT would be inse::ed
prior to testing. The pallet included a se: of
connections for attaching the EUT.

Once inside the monitor the cahies on the pallet
would be attached to the omside world via a
series of filtered connectors. The
electromagnetic energy would be coupled
to/from the EUT by the use ~f a set of field
sensors/generators inside the test cell. The tsst
cell also required a screening function to exclude
ambient energy from the EUT and to pr-’~ent
threat energy incident on th= :UT from leaving
the test cell, thereby causing ex te rna l
interference.

A first prototype cell was constructed from mild
steel,  and measured 1.0 x 0.7 x 1.2m (v@Ix[).
The size was based on the n-lax.imum EUT s!ze,
the need to incorporate antennas, some frznm of
RF signal damping~absorptinn: arid parts of the
test equipment. These dimensions represented
a significant saving over thcss that would be
required by simply applying the one third rule
which is observed by TEM anti GTEM cells. This
requirement would demand an overall size of
approximately 1.8 x 2.5 x 30 m including the
typical length associated with a taper secticn.

2.3.2 Modelling of the cell
Numerical simulation of a diverse range of test
ce[l designs was undertaken using a TLPJI madel.

SYNTHESIS REPORT Issue: 1 September 1996
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The objective was to evaluate each design with
respect to the control and to the alternative
designs. The  initial work concentrated on the
frequency range 100 to 1000 MHz and on simple
transmission line structures, This allowed the
behaviour of individual components of the test
cell such as the input section, use of absorber
material and cell height to be examined.

The control was chosen to be a representative
box EUT placed in free space and illuminated
with an infinite extent planar wave incident
normal to its front face. This choice was based
on its equivalence to the situation of an EMC
source/victim in its natural environment, This
situation was also readily comparable with the
standard reference techniques for examining the
IEMC performance (emissions/immunity) of a
device and much work has gone into correlating
free space results to measurements on an open
area test site (OATS) or in a screened room,

The suitability of a given test cell design can be
evaluated in terms of the correlation between the
fields or surface currents developed on the
surfaces of the EUT as compared to those
produced in the case of free space illumination
(Control). The predictive work used the
representative EUT dimensions, The EUT was
assumed to be constructed from ideal, planar,
perfectly conducting walls which would induce
the maximum’ possible perturbation in the
incident field,

Most of the structure behaved well showing
some resonant behaviour at around 300 MHz
and only very slight resonances at higher
frequencies, The exceptions to this rule tended
to be the fields of the lowest magnitude. The plot
of the normalised minimum observed field values
were less useful as many of the fields dropped to
a value of zero due to the symmetry of the
problem, This did serve however as a test that
the model was accurately predicting the problem
in that it indicated the location of field null points,

A diverse range of test ceil configurations were
examined with the purpose of determining the
most critical design parameters. In order to
minimise the complexity of the models and to
gain as much information on a specific element
of general cell design, the initial cells under

consideration were simp(e  structures. These
provided information on the four main probbms
associated with the design:-
● The design of the s,surce region and

excitation method,
● The effect of reducing the ratio of the

cell height to EUT height ratio.
● The sensitivity of the +rr-ml  field t-u the

side wal[ reflection coetiicients.
● The effect of breaking the system

symmetry by attaching a wire bundie to
the EUT,

—
.

.,
::.,,.!,!.
o

.

Figure 2: Model of control EUT in free space

The modelling  work  yielded a preferred structure
for the antenna, and a theoretical rnethcd of
matching the input impedance and the
termination impedance.

2.3.3 Modelling  of the anech~ic  materiai
One of the significant proble;ms during the
modelling phase was the accurate
understanding of the behaviour  of the l%dio
Absorbent Material (RAM} which was to be used
to reduce overmoding,  Manufacturers datz did
not yield sufficient information to be able to feed
into the computer model. a combination of
material testing and trials enabled a ruugh
approximation of the performance of the RWl to
be determined.

Figure 3: Structure of RAM showing first order
reflections,
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The RAM was successfully applied to the
construction of the matched load in combination
with a series of resistors which improved the low
frequency response, This simple terminated cell
configuration would however only be operable to
a few hundred megahertz above which higher
order waveguide modes would dominate giving
unacceptably high field variations within the test
volume. Further applications of the RAM within
the test cell had a significant damping effect on
those modes resulting in a more uniform field,
and therefore extending the usable range of the
celt to lGHz.  Although RAM is considerably
cheaper than the other alternatives, it still adds
a significant contribution to the cost of the
system as well as to the weight and overall
dimensions of the cell. Furthermore, surface and
bulk waves may be setup within the RAM blocks
which can degrade the system performance
under certain circumstances.
The simulated response fell short of the
manufacturer’s quoted values by quite a
significant amount especially at low frequencies.
This was as a result of the large number of
system unknowns (12) as well as the lack of
information concerning the absorber response
ie. only the magnitude information was provided.
Even the application of a numerical minimisation
routine failed to improve these values. The
system was too complex for all but the most
sophisticated routines.

2.3.4 Excitation
Using a simple transmission line model, an
antenna array was developed and the number of
elements optimised using the model. The
objective being to achieve an even response
within the required test volume.

A critical aspect of the cell design was the
fabrication of a high quality broad band matched
load on the far wall of the cell, This was
necessary to prevent resonances developing in
the transverse dimension of the guide reducing
the field uniformity and operating volume of the
cell.

Initially two methods of broadband matching the
cell were considered using either ferrite tiles or
a hybrid resistor - RAM combination, The former
method was dropped due to the prohibitive cost
of ferrite materials.

The use of a resistor - RAM hybria is a standard
technique adopted in the design ot the GTEM
cell. [n this case however the overall length of
the load is often in excess of 50cm and a r:~urn
loss of better than 25dB can be achieved a-nss
the band. Most of the load Iergth is due to the
use of spiked RAM as well as the us= of
extended resistive elements. This dimension
represents over 40% of the proposed cell Is:gth
and is not acceptable by itself

Through experimentation a suitable  combination
of RAM and discrete resistors were found to
produce a broadband load i:l an acceptable
length.

2.4 Preliminary results
As part of the initial design and rnodeliing work,
the University of York carried out a series of
measurements with the test cel as an emis+cms
monitor and compared these results with these
gained from a suitable control. In order to
achieve this a number of dul=nmy EUTS were
used to s imulate both varied phys ica l
dimensions and electromagnetic sources.

The objectives of this set of testing were to
determine:-
. the linearity of measurements
● the sensitivity of the EUT position
● the ability of the cell to accurately

measure varied EUTS
● the limitations and features of the Ge]]

design

A number of dummy EUTS were prepared for the
purposes of the calibration exercise. Each
design was chosen to test some feature cf the
test cell. The two main EUTS were the
comparison noise emitter (CNEj and the ge=ric
EUT as described below.
. The CNE represented = small device

which emitted over the entire proposed
range of the cell (30 - lf100MHzI.  The
(2NE radiated via a small morc;ole
antenna. Dimensions 1&m x 10cm x
12cm with monopole.

● Generic EUT brass box of dimensions
0.6m x 0.5m x 0.3m driven by the ‘ONE
in a number of modes (electric+!  or
magnetically). This EUT represents< [he
maximum permissible ELJT size for the

SYNTHESIS REPORT
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test cell.

The current standard technique for the
measurement of electromagnetic emissions
required the use of an Open Area Test Site,
(OATS). The test procedure used to generate
the preliminary results involved the use of a bilog
antenna operating in the entire measurement
range from 30 MHz to 1 (3Hz placed 3m from the
position of the EUT, which was raised 0,4m from
the ground p[ane by means of a dielectric
support. The bilog antenna was fixed to a height
adjustable mast which was scanned in height
from 1 m to 4m above the ground plane and back
down during the course of each measurement.
The signal was recorded using an Anritsu
spectrum analyser set in Peak-hold mode, The
scan time of the analyser  was considerably
shorter than the time required for a complete
height scan ensuring that true maximum field
values were recorded.

Prior to each block of measurements a scan was
carried out with no known sources active in
order to establish a background level. For each
EUT setup two measurements were carried out
with the receiving antenna set to vertical and
horizontal polarisations respectively. References
to the EUT and antenna orientations are made
with reference to co- and cross- polar directions,
For any given case co-polar implies that the EUT
source and the antenna are aligned in the same
direction such that maximum coupling occurs
between the two. The cross-polar direction is the
reverse of this. This is only meaningful for
measurements made with the CNE,

The scanning action used for standard OATS
measurements was used in order to minimise
the interference effects caused by the presence
of the metal ground plane. The scanning had the
effect of filling up the resonances especially for
the case of vertical polarisation. The difference
could be of the order of 10dB.

In each case the EUT was placed into the cell
upon a polystyrene support in the appropriate
position. The cell door was closed isolating it
from the ambient environment and
measurements were made using the Anritsu
spectrum analyser as used for the OATS
measurements, In most cases measurements of

the response on the vertical and horizontal
arrays were measured for each c}rientation of the
EUT,

Polarisation response:
a vertically polarised CNE with rnonopole “sims
measured using both the OATS and the tes~ zell,
The strength of the source was varied between
measurements by inserting an attenuator of
known value between the CNE and the radiating
monopole. Attenuators of value 3, 6, and 10dB
were used, The insertion of the attenuator also
had the effect of introducing a resonance into fhe
response at the top end of th frequency band
for some of the plots. This effect was verifkd  by
using BNC connector pieces to simulak  a
device with the same dimensions as the
attenuators used whilst producing n o
attenuation,

The results for a vertically and horizcuifally
polarised CNE appeared to give good geceral
agreement between the cell response ana the
OATS responses however tl-lere seerned to be
an anti-resonance around 30-1 QO MHZ w!-lich
distorted the lower part of the spectrum. There
were also features present on the cell
measurements which \9ere ~:=~r]y

representative of the cell volume. Figures 4 snd
5 show the response for the wrtically  pol-a-sed
CNE, and vertical polarisation response of the
cell.

MKR, ~6~tWz 46. 0415Euv W, A
RL, 7(3. UdBU V 5dB/ ATOda ~~ 700me D MhX

Iil::!llllll
4,,, u 1 r 1 I

I 1 t !{ T

/ “1 1[ 4 JI $
11 ~i l“+JmJ&fI I !, 1

1

SFt 30f4Hz SPI 1000MHZ RB3QDkHz ‘~-OFF-

Figure 4: Vertically polarised CNE, verticat
polarisation response, OATS measurement.
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There appeared to be good agreement with
respect to cross-polar levels with the co-polar
signal being significantly less that the co-polar
levels for both polarisations.

MHRI  154t4Hz 49.  59dBWV ns A
RLI 70.  DdEVV 5dB/ ATOdB S T  150me  0s PK—

SFI 30twz SP, 1 CYX2.MHZ RB30DkHz VBIOOkHz

Figure 5: Vertically polarised CNE, vertical
polarisation response, Cell measurement.

Position sensitivity
The location of the CNE was varied by 2cm in
each direction in a horizontal plane. This
procedure was repeated after raising and
lowering the CNE by 2,5cm respectively, All
responses were plotted onto the same axis and
are given for vertical and horizontal polarisation
in Figures 6 and 7.

The results showed a tight band of results which
could be further improved by reducing the lF
bandwidth of the measurement, The scan time
used was 3 seconds which was much less than
the time allocated to a measurement in the final
cell, Even so, the results suggested that if the
EUT can be contained within ~ or 2 cm, which
should be possible using the palette system,
then very repeatable results can be generated.

2.4,1 Conformal EUT measurements
The conformal E(JT represented the maximum
EUT size that was tested within the cell. The
conformal EUT was a brass box with three of its
sides formed from removable plates. This
allowed the radiating mode of the EUT to be
varied by using stand-off plates or slotted face
plates. The stand-off was a metal plate raised

MKRt 152MHz 50. 21de!Av Wi A
RI-, 70. OdB!JV 5d8/ AT12c+B S T  15Gu=  D! PK- -

1 I 1 1

1 1’ I iF_FFJl
I 1’ I I 1 I I

!1 w. I !
1

. 1
I

lil I ., 1 I [

SF, 30 MHz SPI  1000MHx  R13300kHz  WI OOkHZ

Figure 6: Vertical polarisation

MKR, lf36Mtlz 2s. 4: G’QAV k’, A
RL, 7 0 .  OdfWV 5dB/ hTcd5 _S T  i 5U-= Dt PK

Figure 7: Horizontal polarisati~n

from the plane of the box wall by’ means of four
short dielectric rods, When excited using an
internal monopo!e an electric source was
observed.

Excitation modes
In order to test for different excitation nmdes
within the EUT a slot radiator  and a sta%-ofi
were used, Both were powered using the -CNE.
The stand-off when excitsd with the CNE
monopole behaved as an electric s~curce
whereas the slot when fed directly using the
CNE behaved  as  a  magne t i c  scurce,

SYNTHESIS REPORT Issue: f September 1996
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Combinations of both individual sources as well
as combinations of the two were examined.

Mode sensitivity
The EUT was driven in a way as to observe the
effect of changing the relative output levels.
There appeared to be good agreement between
the data in all cases though the measured levels
from the cell were somewhat lower than those
from the OATS, This may not be a problem as
OATS standard measurements are often taken
on a 10m site which would result in a significant
reduction in the observed signal level.

There were some slight differences in the data in
terms of the positions of resonances and the
relative levels of peak values, This was partially
attributed to the effects of scanning the antenna
smoothing out the response. This work provided
a base demonstration of the general correlation
between the measured cell voltages and the
received signal from an antenna on the OATS.

There seemed to be good agreement with
respect to the relative response of the vertical

1

and horizontal signals  measured in the cell when
compared with ~hose measured on the OATS.
There could have been a problem with the low
level of the signals measured in the cell but at
the time this could have been improved by the
use of a preamplifier or by further improvement
of the input section of the cell.

2.5 Audit
The objective of the audit was to consider the
production systems used by consortium
members, and to review their design and support
services in light of the need to meet the
European Directive on EMC. This assessment
would then provide information on how their
processes impact on the EMC performance on
their products.

At the request of the consortium a questionnaire
was developed and sent out to over 50 UK
companies to ascertain their view on meeting the
EMC Directive. This was carried out over the
period March to June 1995. Although the overall
response was low, 20 replies, some interesting
points were revealed as follows:-
i) Almost 90°A of the companies had been

aware of the EMC Directive for at least

ii)

iii)

iv)

v)

vi)

vii)

viii)

year.
83~0 of companies be[ieved that they
had at least a reasonable understanding
of the Directive.
Only 28!K0 of companies betieved that
they would have all of their products
certified by 1 January fi995.
In terms of perceived probler: in
meeting the requirements of the
Directive the results were as foilo/fs:-
- 42?40 b e l i e v e d  radiated emissions
would be the main pmblern.
- 5V0 believed radiated immunity v~auld
be the main problem
- 5~0 believed cOndL:ted  emissions
would be the main problem.
- 37?10 found that sin-@y ~nderstand~ng
the Directive was their main problem.
42V0 of compani=s were cnly
considering EMC becatise  of the +gal
requirements.
42°A of companies cl=:med to already
p o s s e s  pre-compl:znce  EMC t e s t
facilities.
Approximately half cf the companies
intended to rely on build quality to
ensure consistent EMC performance.
29V0 of companies i,mmded to test a
sample of products coming o= the
production line. 18% o! companies ~lad
not considered this ‘w@lem.
35% of companies had at some time
received a compkint about thejr
products with respect:3  EMC.

[t was hoped that within the proiect  budget there
would be opportunity to re-run ~Ie questicmnaire
after the Directive’s irnplermentation  date of 1
January 1996. This WOU’C have shcwn  if
changes in attitude had occurred. in adtikicm a
similar exercise for other European countries
was planned but in both cases budget and time
did not allow this exercise to occur.

2.6 Software development
One of the key elements of tlhe project was to
develop a system that was easily absorbd  in to
the production environment arid used by stsff not
conversant with the details of EMC testing. To
facilitate this a PC Windovm=~ based controi
system would be used. This ‘would prodcce  the

SYNTHESIS REPORT l~~ue: I septernber 19%
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man machine interface as well as the control and
data processing.

The demonstrator software would provide the
automation of the following functions:-

i Conducted emission measurements
ii Radiated emission measurements
Ill Radiated immunity measurements

The software would provide a front end menu
system to allow the user to select any of the
above measurement functions. The menu would
be initially presented to the user upon running
the software, and may be later returned to from
any of the measurement functions.

In addition to the measurement functions, a
fourth option would be available from the menu.
This option would allow a previously saved set of
results to be reloaded, displayed and, if required,
printed,

2.7 System Design
The project was conceived to use predominantly
existing test equipment, preferably sourced
through consortium members. There would by
necessity be a requirement for a purpose
designed interface box and RF coaxial switches.
The objective would be to use conventional test
equipment controlled by the use of the IEEE 488
protocol.

The main test equipment requirements were
identified as follows:

Pc
Printer/ Plotter
PC Card
IEEE Relay Card
Spectrum Analyser
LISN (Line Impedance Stabilisation Network)
RF Signal Generator
RF Amplifier

2.8 Case studies
The case study exercise within the project was
primarily aimed at providing confidence testing in
the performance of the test cells, The trials by
the consortium members would provide
feedback on its operation and further support for

the validation of its measurements. However,
this exercise did not occur in its originally
intended form, due to various events as detailed
below. One unit was supplied to the Frerxh
partner, who used it in sdpport of the

methodology development, a~d the exerciss  did
provide useful feedback.

The case study exercise tmd not run as
originally intended, but this had been due to
combination of effects wher~ effort had been
expended on establishing the patent, delays with
supply of parts for the case studies, and an
emphasis within the industrial consortium to
work towards a commercial product  as so~n as
possible after the conclusion cf the pruJect.
However the case study exercise did yield some
very useful information that has been fedtmck
into the construction of tvm more case study
units and to the industrial exploitation cf the
project,

The requirement to gain confidence in its
measurements was undertaken as a separate
exercise between Pera and the University of
York. This yielded a gooc set of data that
showed very good performance in measuring the
critical emissions of products.

The exercise was successful and yiekied
probably as much inforrnaticm as it was likely to
if run in its entirety.

2.9 Methodology
The objective of this part of the project was to
develop a methodology or understanding of how
EIVIC was to be accounted for within the vs!urne
production environment using the developed test
cell as the main assessment tml. ‘One ccmern
at the concept of this project was that an
a d v a n c e d  EMC test equipme~t  could be
produced, but that it would not be effe=fivety
applied to the manufacturing envirmnefit.

The Methodology covered the fdowing areas:
● Why companies shoti!d be invo!’:~d  in

EI’vIC
● What EM(2 is
● How companies should address EMC
● How EMC is involved in all stages from

concept to after sales service

SYNTHESIS REPORT Issue: 1 September 1996
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. How the EMC test cell is incorporated
into the manufacturing facility.

● How the results are interpreted
● Quality assurance of the results

2.10 Correlation

Radiated Emissions
In order to increase confidence in the
performance of the test cell, a series of tests
were carried out by the University of York and
Pera. These tests involved taking various
equipments and testing them on a standard
Open Area Test Site and then repeating the
tests using the developed EMC test cell, located
at Pera.

Each of the equipments was set-up in two
different ways in order to measure a difference.
The ability of the test cell to measure this
difference would provide for the validation of the
test method.

Test arrangement
Each unit was tested in both its operating
conditions and using both antenna polarisations.
Each unit was then rotated through 90 degrees
to provide a basis for understanding any
correlation between the OATS and the Test Cell.

The test arrangements conformed to the
appropriate method for radiated emissions using
an Open Area Test Site. Each test arrangement
was photographed to maintain a record of the
exact layout of cables, etc.

When the EUT was tested in the test cell, the
centre of the EUT was positioned centrally to the
array elements. The EUT was positioned on the
appropriate height of polystyrene blocks above
the pallet and cables were fixed in position.

Results
The results showed that generally across the
frequency band 30 MHz to 1000MHz, there was
very good correlation in measuring a difference
between the two operating conditions for each
equipment. In fact the test cell was much more
accurate in detecting a specified 3dB change on
the CNE than was the OATS.

Above 900 MHz there was a difference recorded

in excess of 10dB, when testing the CNE, which
was not obviously explained, Subsequent t=sting
has been carried out to resolve this issue.

The majority of the EUTS were cmly producing
signals below 200 MHz anc comparison was
more difficult. However, the test cell measured
the same frequencies of peak outputs as the
OATS, which would ensure that a c.crrect
assessment in changes of perfcxmance  couki be
detected.

Radiated Immunity
The testing for the RF immunity produced a
compliant field strength of 3v/rn using the RF
amplifier supplied by Laurmmier, using the
vertical strips.

A series of tests were carried out at Per= to
establish the uniformity of Lle radiated field
within the test volume. The test was set up using
an isotropic field probe and monitor Iinkec!  to a
PC to record the input levei to an ampiifier
required to generate the necessary field strergth
of 3v/m and the data was then anaiys=d to
establish the maximum difference betweec any
two positions of the rf field probe on each level.
The levels were, for level 1 - the pallet surface,
and for level 2- 19cm above the pallet surface.
The results showed that en averag= the
maximum field differences were less thar MB,
the specification requirement. The vertical
polarisation was much better at obtaining a
uniform field. The maximum excursion c: the
vertical polarisation was 11 dB cm level 1, S% for
the horizontal plane the maximum excursion was
18 dB on level 2.

The results show a very good performance for
such a small test volume, and the mzijor
excursions were confined tn narrow freqtiency
bands.

SYNTHESIS REPORT Issue: 1 %@xnber  1996
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3. Results

The specification of the developed systems is:

Frequency Range:
Radiated Emission 30 MHz - 1000 MHz
Radiated Immunity 27 MHz - 1000 MHz
Conducted Emissions ( Mains 110v/240v ac)

150kHz - 30 MHz
Radiated Immunity:
Field Intensity 3V/m
Amplitude Modulation 8070
Field Variability +6d B/-Od B (On

average. Certain peaks
exceed +6d B)

Test Volume:
Max EUT Size 0,6m x 0.5m x 0.3m

Measurement Repeatability:
Radiated Emissions ~2d B
Radiated Immunity ~2d B
Conducted Emissions *2dB

4. Conclusions
The project set out with the main objective of
developing an innovative testing technology for
assessing the EMC performance of a
manufactured product. This assessment would
be of the form of a comparison against a “Gold
Standard” product and the test system would
detect deviations of the product causing the unit
to fail. The project achieved its objective by
producing an innovative technology capable of
accurate and repeatable measurements in
advance of anything on the market.

The technology developed is capable of testing
the EUT in two planes without altering the
orientation of the EUT in the test cell, The
development is specifically geared for production
testing with an easy pallet loading mechanism
for each EUT to be tested. This will ensure
repeatable positioning of the EUT and its wiring.

The results of the test cell’s performance were
generally in advance of that expected, with very
good reception of signals and ability to generate
an even field within the test volume.

The test time for a product is dependent on the
number of tests to be undertaken and the
complexity of the EUT installation on to the

pallet, but a typical radiated emissions test is
less than 5 minutes including the installation of
the EUT.

The final cost of the prototype wstem was of the
order of E28,000,  this was using non-optimised
or costed components, but [did not include a
sales mark-up. This cost was higher than
originally desired, but is still cheaper than a
comparable test system capable of testing the
maximum size of EUT, which would be of the
order of !2120,000.

A significant amount of comparison t=sting
between the test cell and conventions; iest
facilities was carried out ko understand the
performance of the cell. This showed  a go.sd set
of results and reveals a very competent test cell.
Further analysis of the data was not able % be
undertaken due to lack of tirrie, but extra work
would lead to a very outline correlation factor
between the cell and norms! best facilities.

The case studies was the rmst  disappointing
aspect of the project, in that time ran out in the
last six months to achieve this activt$ as
originally envisaged. Delays occurred in the
delivery of components and F@ end there was
a slight change in emphasis vvithin the project  at
the 18 month point to look in mare detail t the
exploitation routes for the technology. In a%ition
effort was expended on developing and applying
for a Patent for the technology. All of this ca~sed
delays that could not be n-~ade  up in the last
quarter of the project.

The lack of case studies was counter-ba!anced
by additional comparison testing undertaken by
the University of York and Pm into how weli the
test cell performed, In additicm, the development
of the methodology by CETIM and v=rious
technical review meetings with the con~cxliurn
yielded a significant amount  of useful  d=% that
would otherwise have been generated by the
case studies.

The project has been a pasitive exer~c%e in
working with other companies from various
European countries. This has enabled different
viewpoints on the requirements of the EMC
directive to exchanged. The cwtcome of the
project will enhance the position .of the
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consortium members and will provide market
opportunities for the technology in non-European
markets.
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1. Description of results

1.1 Results

The main results of the project areas follows:
. an innovative, near conformal  test cell for evaluating the radiated emissions,

conducted mains emissions, and radiated immunity performance of a product.
● a production line EMC (Electromagnetic Compatibility) test cell specifically designed

to meet the needs of rapid and repeatable evaluation off manufactured product.
● a test cell capable of testing two polarisations without moving the WT (Equipment

Under Test).
. a software system and methodology aimed at producticm  testing.
● a series of comparison tests between conventional test methods and t!ne test cell

enabling a detailed characterisation of the test cell’s performance.

The state of the art as understood by the research organisations and the industrial memk=cs
is as follows;

. EMC test cells have been brought onto the market during the life of this project. t%
project commencement the only products which were aimed at lower cost EMC
testing were the G-TEM and TEM cells. These have limitations in the size of EUT ihat
can be tested, their cost is high, and the skill required to use them is high when
compared with the technology developed in this project.

● During the project a few test cells have been launched onto the market. These irmk!de
the following: Chase EMC - EmCell

MA Instruments - MAC Cell
Euro EMC Services - EuroTEM
Comtest - GStrip
Rohde & Schwarz - S-Line

All these cells are predominantly aimed at immunity testing with sorn= claiming t~
undertake radiated emissions testing. None of the cells are specifically aimed at the
production test environment, where quick turn round, and repeatab% ,mreasurerrmis
are required.

● The deve[oped technology has the distinct advantage of testing the product in tv~Q
polarisations without moving the EUT. None of the other test systems are known ta
provide this.

. Considerable comparison testing has been done with conventional test facilities a~d
this has given a high confidence in the performance of the cell.

~.2 New iterns for exploitation

The main item for exploitation is the test cell and associated equipment. This provides the
production line test system. The system can be broken down into sub-sets depending as to
whether the capabili~  of testing all three criteria, that is radiated and conductsd emissions and
radiated immunity, is required.

The test cell itself can be used on its own, with other stand alone measurement equipmeni,  to
provide design support and a diagnostic tool.

Exploitation Report
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1.3 Subject descriptors

The following are the selected subject descriptors to define the scientific fields to which th=
results could belong;

D32 Signal processing
E35 Product development
E36 Production control

2. Industrial applications

2.1

2.2

industrial applications for the results

The test system is aimed at production environments where large numbers d product are
manufactured, which require either batch sampling or 10WO testing. The system w191  be a=
applicable to large manufacturing companies as well as the small manufacturers. The sys%rn
has been designed, together with its methodology, to provide a simple and repeatable tes$
system.

The system would be useful to small companies who require to undertake design
development as changes in the products performance, due to design enhanm’nemts,  can be
monitored by the test cell. The test ceil is therefore performing a dual role in a small company
making it much more cost effective.

The availability of this technology will reduce development and manufacturing oosts
particularly for the small company. Small companies will have more corttroi aver their testing
requirements, and although the developed technology does not provide an absolute  resu!t, the
comparative results will provide confidence in how changes are affecting the product’s
performance. The capital cost of this system is equivalent to forty test house days of test;2.

The software and methodology has been aimed to provide an easy entry into H&K and its
requirements with regard to the legislation. Companies with very little knowledge can use t!!is
equipment, and through testing and effecting changes to the product, the cim~mies will build
up their own expertise.

Technological and commercial potential

The technology could be enhanced by introducing other EMC tests where e mmtrotled
environment is required, for example conducted immunity testing, bulk current injection, and
by also increasing the field strength levels capable within the system. The test cell and its
ancillary equipment would then become a very cost effective IEMC test centre capable  of being
located in a normal laboratory or production environment.

The potential for using this equipment lies with any company producing e{ecirical or elecimnic
equipment, as it all needs to meet the terms of the EMC Directive. The main applications ‘will
be in the electronics industry associated with communication and computer yoducts.  These
tend to be high value and high volume situations.

Exploitation Report
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2.3 Commercia[  and industrial sectors

The following are the selected commercial and industrial sectors in which the results are mcst
likely to find applications:

D23 Manufacturing technology
D25 Mobile communications
Ef 1 Instruments, measuring equipment
E24 Radio/ Television/ Audio Equipment

2.4 Areas of intended development

The developed technology requires initial enhancement to make the system mom commercial
and to improve its aesthetics. A review of some of the component choices w[6U also be mad= to
reduce costs still further. This is particularly applicable in the interface box, where  Me
technology demonstrator used expensive coaxial switches. The manufacturability of the tes$
ceil is a key point as the system is currently hand built with some complicated cxmstructitmA
parts.

The main enhancement to be considered in the short term is the increase ir the radiated
immunity test level to 10V/m as this is seen as being more widely appealing ‘b industry,
especially those requiring to meet the industrial limits. Future developments may include the
following:

- addition of bulk current injection
- review of the absorber material used for an alternative

The short term objectives carry very little risk, and the bulk current injection application is d
relatively low risk. The review of the absorber material impacts on the fundan=ntal
performance of the cell and therefore has significant risk and cost.

3. Market analysis

3.1 World market

This has not been quantified to any extent. However the needs to meet ERIC standards that
apply within Europe has a dramatic impact on supplier countries for examp!e the USA and the
Far East. The developed technology will be as applicable to the requiremerits  &these o%~=r
countries outside Europe as to those inside Europe. Many other non-European  countries have
EMC requirements of their own, for example, Australia, India and America, and many of E@se
are moving towards those currently being formed in Europe. Therefore techrm[og.y, such as
developed in this project, has the opportunity to support much of the world m=det in
assessing the performance of manufactured electronic products.

3.2 Potential and real market

The consortium are firstly considering selling into their own home markets in Europe. This will
enable an understanding of the market reaction to such a product and ensure  any opera%mal
probtems are resolved at early stage. The consortium has considerable experience of the
markets in Europe and will target certain industry sectors to establish a foothold.

Exploitation Report
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4. Industrial and intellectual propetly rights

The consortium determined that the technology was sufficiently innovative and vwwld  have a
large market potential, that they wished to protect the development by applying for a pate-$. A
patent application was written, and was filed with the UK Patents office cm X? February 1 S%.
The application number is 9604317.9. A copy of the letter confirming filing is contained  in
Annex 3. A full copy of the Patent Application is contained in the Final Technical Report.

The consortium is considering a Logo which will be common to all countries, but a finai
decision has not been made.

The consortium had developed a detailed Exploitation Agreement, stating the responsibilities
of all the industrial partners. A copy of the agreement is contained in Annex’1.

5. Exploitation and marketing plan

5.1 Exploitation objectives of each partner

The provisional objectives of the individual partners is as follows;

Rainford Group: Rainford are the lead partner within the project, and hQIId the patd
application on behalf of the consortium. It is propos=~ that the
engineering change control and supplementary funding is monitored
by Rainford. This will provide a focus for the industrial consortium and
ensure a uniform product.

Rainford will be key in designing the commercialised product and
producing the actual test cell. They will also be invcdvad  in putting
systems together.

Tecquipment This company predominantly want to take the product  and with
agreement modify the system for teaching applications. This wil!
involve Tecquipment in additional work to provide t=aching manuals
and possibly adjusting the software.

Afeisa SA: This company wish to use one or more of the devehped  system, but
their main intention is to supply the interface box. They ‘will revie% the
Pera design and condense the pcbs down to a more tailored system.
This will ultimately reduce cost and space. Afeisa  wtil also market the
product in Spain.

Pentatron  srl: This company wiH supply and suppofi  the software for the syste-.
Pentatron have put considerable efforl into producing the Sdtw=i= for
the technology demonstrator and will continue to develop the
applications available. Pentatron will also market the product in OWy.

Wayne Kerr: This company has supplied the main items of support test equipment
and aim to supply the same items as part of the exploitation.

Muirhead Vactric: This company is purely an end user of the technology, and is
interested in obtaining a number of the systems if the price is right.

Exploitation Report
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This company are keen to be involved in supplying tailored systems
based on the general system as developed within the project. They
may also use one or more systems to support their Ei%4r3 test cenfi-e
operations.

Ateliers R Laumonien This company aim to supply the contactor  block and EG system
integrate the sub-system elements. They will also act as ‘he
marketing organisation within France.

5.2 Exploitation strategy

The consortium will continue to work together following the offic~al end of the project, undm the
heading of Exploitation Coordination Board. The Rainford Group will act as tiie focal point.

The consortium intend to productionise  the system during the third quarter o? ?996, with a
possible product launch at the Rome 1996 EMC Conference. Tlhe consortium zre [ooking at
technica[  enhancements to increase the field strength level for radiated immunity testing, and
methods of reducing the cost of the system.

A general publicity leaflet is being generated, an example of which is contained in Annex 2.
This leaflet will provide a common basis for the marketing mmpanies  within W consortium to
present a uniform profile on the product.

The consortium will review the necessity of the patent towards the end of ~%~, when the
patent will be due to go to the next stage. As significant costs will start to be irrcxmed at tb-t
point, careful consideration will be given based on the market response at the time.

The consortium has requested Pera and the University of York to produce geaeral article= to
be submitted to journals. This will raise awareness of the product without gi~ing away th~
technical issues. This exercise will be undertaken over the period August to October 1993.

5.3 Time-table for exploitation

In broad terms the exploitation timetable is as follows:

July - October 1996- Produce productionised  prototypes of the test system.
August - October 1996- Produce general articles for journals.
August - October 1996- Review design and identify areas for cost savings
August 1996- Produce sales leaflet.
September 1996- Launch product at the Rome EMC Conference.
November 1996- First deliveries.

5.4 Supplementary investments

At this stage the consortium intend to fund any additional R&Cl and marketing activities
through a common fund. They may consider future R&D funding from publia money by
approaching the individual countries Departments of Trade.

5.5 National technology transfer

At this stage there is no national technology transfer funding envisaged for developing a~~
aspect of the technology developed.

Exploitation Reporf
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6. Communication strategy

The consortium are determining their communication strategy, and in overvkw  has the
following main parts:

1. Publicity
This will be achieved through general articles to be written by the research
organisations and published in appropriate journals.

An overview publicity leaflet will be produced introducing the new test system and
technology.

Consortium members will be responsible for publicity in their own ccuntries and Mer
countries as appropriate. This publicity will be aimed at presenting the opportunities
and savings that this new innovative test system can give.

Annex 4 contains an eariy model marketing plan which was produced for Rainford on
behalf of the consortium, This plan was equally applicable to other counti[es and was
produced to illustrate a strategy for marketing. This is currently being rMewed am’
enhanced.

2. Papers
The University of York are to present a paper related to this project at the Rome Efk?2
conference in September 1996.

Exploitation Report
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7. Annexes
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Annex f - Exploitation Agreemenf

A n n e x  2 - Draft general publicity leaflet

Annex 3- Copy of letter indicating filing of patent application. (A full copy of the Pate-t
Application is contained in the Final Technical Report)

Annex 4- Early marketing plan
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Annex 1- Exploitation Agreement
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