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The effect of IEC and CENELEC intrinsic safety standards

on the future development of instrumentation
by Chris Towle BSc, C.Eng, MIMechE, MIEE, MInstMC*

Intreduction

There are a number of factors which affect
intrinsic safety which make a review of
the European and International situation
al the present time very relevant.

The International Standard IEC 79-11 has
very recently produced its new edition
and the second cdition of the CENELEC
Standard EN50020 will shortly go out for
voting. There is adraft CENELEC code of
practice which is al a fairly early stage and
an EEC Directive which has recently
moved into the political arena. All these
factors could be turned into a positive
influence to produce a more efficient use
of safety knowledge and to reduce the
need for repetitive certification.

The Standards Process

The CENELEC intrinsic safety standard
has always been closely aligned with the
IEC standard and in practice the two stand-
ards have interleaved, with each building
on, modifying and developing the other.
More recently CENEILEC and 1EC have
worked very closely together and now
parallel voting on standards in some areas
is encouraged. In the patticular field of
intrinsic safety the major difficulty with
both CENELEC and IEC standards is the
timescale involved in achieving any
change or interpretation. The delay is an
almostinevitable consequence of the con-
sultation process and in some cases is
beneficial in that it allows a cooling off
period. However, within CENELEC it
has been found necessary to issue national
and CENELEC interpretation sheets guite
frequently which has caused considerable
administrative problems. The CENELEC
intringic safety committee has been criti-
cised for the amount of interpretation nec-
essary but thiseriticismisnot well founded.
Intrinsically-safe cquipment is constantly
evolving and the standard must keep pace
and if we are 10 have a consistent level of
safety, difficulties will arise and these
need to be discussed and amendments
made. At the present time some of these
decisions arc made by the heads of test
houscs committee [HTOL] which is
knowledgeable about testing but does not
have the necessary breadth of knowledge
to make some of the decisions which it has
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to make in the absence of a better forum.
In practice, interim decisions by small
working groups are almost always con-
sidered as unrepresentative by those out-
side the group,

There is a persistent financial problem
assoctated with all standards. The neces-
sary experienced people involved are all
senior members of their own organisa-
tions and whether they should spend the
time and incur the costs involved is a
matter of considerable concern. In the last
few years the intrinsically-safe CENELEC
commitlee has lost several valuable mem-
bers because of financial criteria. The
need for members to be self supporting
does mean that the committee members
are not an ideal combination. In particu-
lar, the apparatus committee tends not to
have adequate user representation. A re-
cent two day CENELEC IS committee
with twenty two participants must have
cost £25,000 and hence any meeling must
be made effective.

International committees are even more
expensive 1o convene, but full commitices
should not need to mect too frequently if
full usc of modern communication facili-
tics is made.

The inevitable conclusion of any study of
the standards committee system is that {(to
paraphrase Churchill on democracy) it is
“not the ideal system, but is better than all
the alternatives™. A solution must be found
to the problem of interim interpretations
or,alternatively, national committees must
be free to decide. The ideal solution would
be an IEC standard to which everyone
could certify, and which was comprehen-
sive and definitive without being restric-
tive. This is not likely to be achicved.

Interaction Between Standards and the
Legislative Process within the EC

The existing European directive relating
o flammable atmospheres has worked
surprisingly well. The present situation
where there is widespread acceptance
within the EC of cquipment centified by
the notified test houses to the CENELEC
standards was not anlicipated by every-
one and certainly has exceeded the au-

thor's expectations, In particular, the atti-
tude of the Scandinavian countrics out-
side the EC has been particularly com-
mendable. End users may still have strong
preferences for particular suppliers and
certifying authorities because of a long
history of satisfactory association, a com-
mon language and physical proximity but
this is commercially reasonable. It is a
factor which seems beyond the compre-
hension of some governments and even
some manufacturers who appear to be-
lieve that end users should be coerced to
buy from any supplier who achieves cer-
tification.

It is worth commenting that the require-
ments of the EC Directive for surveillance
are only being rigorously interpreted by
the United Kingdom test authorities. The
UK interpretation of the quality control
requirements is for the manufacturer to
have a system as required by 1SO 9002
plus some additional requirements as im-
posed by themselves. This requirement
was imposed by the UK authorities largely
as aresult of representations by end users.
The UK manufacturing industry has bowed
(o the incvitable largely because it was
faced with accepting or re-applying for
certification by other test houses. Ironi-
cally the resultant quality control upheaval
cnables UK suppliers to claim a higher
level of defined quality to justify the in-
creased costs incurred by the end users, It
will be interesting to observe whether the
cnd users who brought about the intensifi-
cation of surveillance will now only pur-
chase from suppliers with adequately ap-
proved quality control systems. Present
indications are that the presence of these
quality control systems has had no appre-
ciable influence on end users purchasing
policy. The problems incurred by pur-
chasing from suppliets with products
manufactured in different countrics and
certified by different authorities should
cause lots of fascinating problems of con-
science 1o the quality control fanatics.

The new approach directive on flamma-
ble atrnospheres has completed its con-
sultative phase and is now entering its
legislative phase. The new directive em-
braces both mechanical and clectrical



safety of equipment for use in flammable
atmospheres and contains requirements
for surveillance similar to those required
by the United Kingdom at the present
time. Manufacturers have tried with very
limited success 1o change the directlive but
it has proceeded with the incvitable blind
momentumdriven by anumber of bureau-
crats, irrationally confident in their very
limited experience of the subject. The
absoluteness of the requirements is a wor-
rying aspect. In the past, codes of practice
have been used as guidance for normally
occurring circumstance and engincering
judgment has beenallowed to override the
code of practice to achieve the required
level of safety if this is thought necessary.
This may not be possible in future, Sur-
prisingly, the majority of end uscrs have
notreacted against the preposed directive,
presumably believing that the document
will not be enforceable, but this is a very
risky approach. The author’s personal view
is that if the directive goes through in its
present form, it will be widely ipnored by
end users and spasmodically enforced by
the authorities, which is not a desirable
situation. One consolation is that although
Lhere are problems in the electrical area,
the potential difficultics created for de-
signers of mechanical equipment are hor-
rendous. The other interesting result will
be that European manufactures will also
be subject to surveillance which will give
UK manufacturers some considerable if
vindictive pleasure.

Another interesting side ¢ffect of the di-
rective will be the necessary qualifica-
tions of certifying authorities. At present,
certifying authorities are appointed by
their national governments on the basis of
different acceptange criteria but most fre-
quently becausc they have been around
for some time. It will be interesting 1o see
how many survive amore rigorous exami-
nation of their procedures and manufac-
turers could be forgiven forenjoying their
discomfort at having to establish “uncer-
tainties of measurement” for how long is
a piece of string. So many strange stories
abound aboul ridiculous requirements
imposed upon certifying authoritics that
s0me must be tru,

Certainly “approved” centifying authori-
tics scem cven more reluctant to make
common sense decisions than they were
previously, It would all be very amusing if
it was not such an expensive waste of
time,

It would however be generally beneficial
if certification was in the hands of a fow
competent authorities providing certifica-
tion services on ancconomic unsubsidised
basis to mect manufacturer's necds. The
author's opinion is however that HOTL

will emerge as the Commission's official
arbiter on all mauers arising and, confi-
dent in their own infallibility, the present
cosy status quo will remain,

An ideal solution would be to certify toan
international standard by centifying au-
thoritics who themselves met certain re-
quircments and were internationally ap-
proved. The regulatory and insurance au-
thorities of each country could then accept
cquipment regardless of origin and certi-
fying body. This is a very ambitious
thought and the possibility may be readily
dismissed. However many people, includ-
ing the author, thought the CENELEC and
EC procedures would not work but the
end result while not pecfect is quite effec-
tive, Soultimately it may be possible. The
primary argument against accepting inter-
national certification isthe quality of some
cerlifying authorities and manufacturers.
There are other vested interest arguments,
in particular, manufacturers defending
their established markets and certifying
authorities concerned to defend their au-
thority and work load.

The majority of manufacturers of intrinsi-
cally-safe products do aim for interna-
tional markets because for lhose working
in a relatively narrow market arca, an
international capability is nccessary to
achieve an economic level of sales and
also 1o reduce the effects of cconomic
problems in a particular country. Fortu-
nately, intrinsic safety is the only tech-
nique which does permitasingle designto
meet the requirements of all countries, but
it is still necessary (o obtain centification
in an infinitc number ol countries, The
resulting collection of largely meaning-
less marking is adequaltely illustrated by
figure | which omits the Japanese require-
ment for the sake of clarity.

The petrochemical industry is one of the
most international and hence it is desir-
able to be able to use identical equipment
regardless of location. Fundamentally the

Fig 1. flustration of product marking

risk is the same and hence the precautions
to be taken should be identical.

Comparison of the IEC and CENELEC
Intrinsic Safety Standard

Intrinsic Safety is fortunate in that the
international standard is relatively up to
date and contains almost sufficient detail
1o enable certification o be possible. The
standard also covers the design of intrinsi-
cally safe systerns which arc covered in
EN50039 in the CENELEC standards. In
practice there are only infrequent refer-
cnces to systems and hence a comparison
is not difficult, and the principal differ-
ences are listed in the sequence that the
subjects are raised in the 1EC slandard.
The second edition of EN50020 has not
been voled upon and may not appear until
late 1993 but the voling document has
been widely discussed and is largely a
consensus document.

In particular the IEC clause on mains
transformers is no! very easy to interpret,
allowing a very wide range of interpreta-
tion. The CENELEC standard quite spe-
cifically sets out the European position
requiring both insulation thickness and
voltage test. This clause is fundamental to
the whole subject of intrinsic safety, and
there have been extensive developments
in transformer technology which is one of
the reasons the CENELEC standard gives
more detail on other types of transformer.
Possibly the small high frequency cou-
pling transformer is an arca where some
original thought should be given since the
standards are really written with larger
devices in mind and the restricted energy
transfer associated with small cores and
the desirable isolation between circuits
should be more effectively exploited.

The clause on temperature classification
of small componcents has been modified to
permit the 1.3 watt temperature relaxation
to be applied to surfacc areas greater than
10¢m? and also to permit the relaxations
10 be applied 1o Group | situations where
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there is no risk of dust layering. This is
almost an editorial change.

There are only detailed differences in the
crecpage and clearance requirements. The
IEC standard applics r.m.s. voltages when
assessing  clearance whereas  the
CENELEC standard uses peak values.
The CENELEC standard does not require
a CTI valuc for insulation uscd below 10
volts whercas the IEC standards requires
a value of 90. The reasons for this is doubt
over whether CT is a relevant parameter
for failurc of insulation at low voltages
and the problems of acquiring data on
components such as batleries. A positive
decision was made not 10 align the re-
quirements of intrinsic safety with those
of the increased saiety technique although
it was recogniscd that in the long term
alignment is more logical if not necessar-
ily desirable.

The CENELEC standard when consider-
ing infallible components attempts to ex-
plain the fault mechanisms against which
the components are infallible which is
useful in overcoming some of the misun-
derstandings which arise whentest houses
fail infallible components. Apart from the
omission of protective chokes whichhave
no practical use the CENELEC standard
more closely specifies infallible compo-
nents.

The IEC standard has no specific clause
on shunt diode safety barricrs, however
the CENELEC standard retains a short
clause with many of the original require-
ments being transferred 1o a clause on
shunt voltage limiters. The TEC standard
permits the design of shunt diode barriers
with replacecable fuses whereas the
CENELEC standard, white not requiring
barriers to be encapsulated, requires all
the components to be non-replaceable.
The CENELEC standard also contains a
useful simplification for the determina-
tion of zener voltage.

The draft CENELEC standard clarifies
some aspects of simple apparatus which
wis previously inadequately defined in
EN50014. The proposed clause increases
the acceptable voltage 1o 1.5 volis and
replaces the stored encrgy restriction of
20 microjoules with a need for well de-
fined inductance and capacitance 1o be
taken into consideration when assessing
overall system safety. This changeis much
more logical and permits significant in-
ductance or capacilance to be used, par-
ticularly in the less sensitive gas groups.
Quite how far this clause can be exploited
will be determined by what is acceptable
to the end users who in general tend to
prefer the assurance provided by a certi-

fied and marked product. The wording of
the new clause does allow considerable
scope for manufacturers and users with
adequate knowledge of the principles of
intrinsic safety to avoid certification in
exploiting new ideas. The system stand-
ard and code of practice will also need to
clarify some aspects of the use of simple
apparatus in intrinsically safe systems, in
particular where certified apparatus has
input terminals with simple apparatus pa-
rameters.

Interestingly enough a method of meas-
urement has never been defined, which
perhaps reflects how widely this require-
menthas previously been ignored. In prac-
tice there are very few occasions when
cable parameters do matter and it is very
desirable that when the European Code of
Practice emerges it should state some-
thing like “only if you have leads longer
than 200 metres and the gas risk is TIC
need capacitive cable parameters be con-
sidered™. If this could be combined witha

Fig 2. Instruments having input terminals equivalent 1o 'simple apparatus’

Perhaps the most significant tong term
change will be the adoption of the new
design curves for capacitive circuits. For
many years there has been an IEC work-
ing group considering the capacitive curves
incorporated in the standard and it has
been accepted that more sensitive results
than those previously used could be con-
sistently achieved. There has been a long
discussion aboul whether the test appara-
tus is representative of actual circum-
stances and eventlually a compromise set
of curves emerged which are shown in
figure 3 with the current 1IC curve super-
imposed upon them. After some debate it
was decided to adop! these curves for the
nextedition of EN50020 and also to retain
the original safety factors,

The significance of this is best illustrated
by considering the permitied cable ca-
pacitance with a 28 volt barrier. Currently
the permitted capacitance is 0.13
microfarads but with these curves it will
become 0.08 microfarads, hence if an
instrument screencd wisted pair has a
capacitance of 200 picofarads/metre the
acceptance cable length in 11C is reduced
from 650 metres to 400 metres. The sig-
nificance of this change will depend on
how the system standard defines that ca-
ble parameters should be measured.

statement that “if the permitted system L/
R ratio is greater than 40uH/2 the induc-
live cable parameters can be ignored”
then thousands of man hours would be
saved by not pursuing what is really a non
problem.

The benelit which emerges from the
change is that capacitive curves for 1B
and I1A gases are now available. Previ-
ously, multiply factors of 3 and 8 on
capacitance values derived from the HIC
curves were uscd. The relaxation for 1IB
gases offered by the new curves can be
illustrated by once more constdering the
28 volu barrier which presently permits a
capacitance of 0.39 microfarads and this
will rise to 0.5 microfarads which com-
pletely removes any concern about cable
capacitance in IiB gases,

Code of Practice

There is a draft CENELEC Code of Prac-
tice which includes a section on intrinsic
safely which has been put together with-
out too much difficulty. Many of the ap-
parent differcnces have tended to be re-
moved by closer examination,

Perhaps the outstanding problem is that of
earthing or bonding. This is a subject
which, despite being a basic part of all
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instrumentation, causes more argument
than any other. The fundamental require-
ment of the bonding system is that it
should provide a return path for fault and
parasitically induccd currents and that
potential differences between “earths”
within a circuit should not cause unac-
ceptable circutating currents. For a Euro-
pean code of practice to emerge then the
differences of approach need 10 be exam-
ined and some effective compromise
reached.

The primary source of disagreement has
been the need for galvanic isolation in
Zone 0. Galvanic isolation is difficult to
define but fortunately not too difficult to
recognise. It is the type of isolation pro-
vided by a transformer, hence it prevents
the passage of appreciable direct current,
rejects common maode aliernating signals
but permits a prescribed transfer of series
energy.

The major difference between the United
Kingdom and Gerimany is the level of
concern over transient differences in po-
tenttal which can occur across a well
bonded plant. In the United Kingdom, a
well bonded plant is achieved by deliber-
ate cross bonding of metalwork where
appropriate and the provision of fault re-
turn earth paths, The German techaique of
equipotential bonding achteves the same
purpose in & more systematic manner, In
both cases the desired result of an
equipotential bond capable of carrying
significant fault currents is achicved. A
reference potential for the plant to which
protective conductors should be connected
emerges in bothcases. Inthe United King-
dom it is usually, bt not aiways, the
newtral star point carth mat hond and in
Germany the equipotential bond. Provided
the code of practice is concerned with the
necessity for adeguate bonding and the
provision of fault paths which do not gen-
cratesignificant voltage differences within
the hazardous area, a safe and acceptable
compromise will be achieved. Figures 4
and 5 show the basic bonding systems
used inthe United Kingdom and Germany
and illustrate that they are fundamentally
identical,

Toconsider the Zone 0 situation in detail.
Inthe United Kingdom the situation illus-
trated in figure 6 is regarded as accept-
able, since the fault current within the
combined protective conductor and struc-
tural boend is not capable of generating a
significant voltage and with close circuit
protection of the power circuit this should
only exist for a short length of time. In a
well maimained installation, transicnt
voltagesin excess of 40 volts would not be
cxpeeted and the thermocouple is isolated

Protactive |

Fig 4, United Kingdom bonding practice
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Fig 5. German bonding praciice
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Fig 6. Shunt diode United Kingdom solution

to a 500 volt level and hence arguably no
spark will oceur.

Figure 7 shows a possible galvanic isola-
tion solution normally adopted in Ger-
many. If the circuit rematns fully floating
then the distribution of voltages is deter-
mined by stray capacitance and induct-
ance, If a bond is imposed as shown then
the voltage difference occurs across the

isolator and the wiring within the less
hazardous arca. The isolator technique is
undoubtedly safer and since the econom-
ics and accuracy of isolation hasimproved
recently [reduced by a factor of 60 since
1960] it seems desirable that the change
should be made to prevent the code of
practice becoming too complex. Unfortu-
naicly the United Kingdom is likely to
opposc the change,
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Figure 8 shows the less frequent situation
where installations are prone to high cur-
rents, arising usually from lightning, but
occasionally from high voltage electrical
equipment. In these cases the voltage dif-
ferences arc significantly greater and it
becomes necessary to hold all the connec-
tions into the Zone 0 ata low voltage. The
specification of this surge arrestor raises
some interesting questions which may
reflect on the design of the connected
apparatus. Presumably existing German
praclice will provide a starting point, but
whether this will withstand the hypercriti-
cal examination of a CENELEC commit-

It is difficult to adequately analyse all the
possibilities of the available explosion
preof lechniques in areview paper but this
summary may be helpful. The intrinsic
safety aspects so fur have concentrated on
making intrinsically-safe spursoffthe data
highway which address arelatively small
number of instruments. The power re-
quirements of the data highway are too
high for intrinsic safety and in all prob-
ability this will use increased safety (Ex e)
and encapsulation (Ex m) technigues to
overcome its problems. The power limita-
tions of intrinsic safety mean that the
number of instruments which can be loop
powered is restricted. There is a possibil-

Ay
) Hazardous area Safo area
\II 4
Q\/-—ﬂ 100,000 Profectv
\ — |
Sur,
Sl’iglm"-ﬂ 1000V
Hoteork - fa
— = ——— T NSt

Zone O

k- I mantation] |-

A

sy

90,0004

Fig &8 Surge protection solution

tee is open to doubt. The criteria to be
applied in selecting which installations
require the additional level of protection
may be difficult to write down but are
usually not too difficult in practice

International Fieldbus

There is an international committec at-
tempting to specify a system for digital
communication with process control meas-
uremnent and control instrumentation, The
provisional 1EC standard will shortly
emerge but the final acceptance may be
delayed by the usual repetitive quibhles
about detail and the 100% perfection syn-
drome.

ity thal instruments, particularly those
which require considerable amounts of
power such as analysers, will be locally
powered and the number of these which
can be polled should be higher. There are
some interesting operational problems
which require that the interfaces present
matching impedances, but must also meet
the current limiting resistance require-
ments associated with the circuit voltages.

There arc three parallel experiments be-
ing carried out which are known to the
author. There is a Norwegian venlure spon-
sored by BP called ISI bus which uses a
form of transformer coupling from a con-
stant current [4kHz bus. This has the

advantage of providing galvanic isolation
to the spur and uses separile power and
signal isolation. The available informa-
tion on the intrinsic safety aspects does
not clearly define entity parameter as-
pects of the coupler and hence it is diffi-
cult to see how separalely certified trans-
mitters can be designed to be compatible
with the system. The available informa-
tion appears confusing but the system has
been evaluated by NEMKO and hence it
should comply with CENELEC require-
ments.

There is another German consortium
which is using PTB as its source of intrin-
sic safety expertise. Again the author’s
access to information is restricted to pub-
lished documents but the key to this solu-
tion seems to refy on a form of constant
current fimitation to achieve higher levels
of hazardous area power thus permitting a
larger number of instruments oncach spur.
There is no internationally accepted set of
design curves for the particular form of
voltage and current limitation used but the
figures derived appear to conflict with
figures used within the United Kingdom
for similar devices, Where the 1.3 wall
matched power limit is exceeded the tem-
perature classification of centificd appara-
1us becomes more difficult and the use of
the simple apparatus clause almost im-
possible.

The other difficulty with constant current
sources is that the entity concep! rules are
not readily applicable and hence a special
set of system rules has to be gencrated.
Theoretically these problems can be re-
solved but the timescale involved for the
resolution of international problems is very
long and it is yet another problem among
all the problems of creating a fieldbus
standard.

A more conservative approach based on
existing technology is the zener barrier
approach under field trials in the United
Kingdom and the USA in which MTL
Instruments is participating. The tech-
niques used are known to be acceptable
internationally but do result in a lower
number of transmitters which can be ling
powered on cach spur. (In most cases
three or four as opposed o seven orcight).
The use of conventional current limiting
will permit clear specification of output
paramelers and conventional entity con-
cept rules to apply. This route may be
criticised as being too restrictive but many
years of bitter international experience
suggests that the ficldbus will have enough
difficulty in becoming accepted interna-
tonally without adding another layer of
controversy about intrinsically-safe as-

pects.



Conclusion

The European standards situation is pro-
ceeding slowly in the right direction and
when the European code of practice
emerges the key clements on which o
build will be in place. The Dircctive may
or may nol prove a disaster depending on
whether it improves in the final format
and how it is enforced. Predicting the
timescales is difficult; the draft EC direc-
tive proposes the following timescalce,

New Directive
adopted
Existing
Directive
repealed
Equipment to
old Directive
no longer
saleable

3lst December 1992
Ist July 1996

31st December 2002

R0 AGw wu hawe B Aal pliying Sk,
Perhapy d0mkens should (ecile
In# giime 15 Ba plaped

The impact of this timetable is significant
both for the standards writing timetable
and the need for re-certification. It means
that equipment being certified at the
present time has a predicted usable life of
ten ycars without re-certification. This is
dramatically less than some existing de-
signs have enjoyed.

Internationally there appears to be a grow-
ing realisation of how international the oil
and petrochemical business is. Even within
the United States there have been notice-
able movements in attitudes towards area
classification and eventually they may
move toward the IEC standards particu-

larly in the arca of intrinsic safety. Cer-
tainly Japan, Australia and the Singapore
area of activily would welcome the aban-
doning of different parochial requirements
by different organisations.

Itisin the author’s opinion a good time for
Europe to get its act together and then
expand those views internationally, Com-
petition can then be based on normal com-
mercial criteria of quality, price and serv-
ice and not on who holds (he correct picce
of dubious certification.
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