Selecting Field Equipment
For Use In Flammable Atmospheres

Introduction

The Chemcal Process Industry (CPl) has
numerous areas wh ch are potentialy exp usive uf
flammable because of gases or dusts In the ar
Carefu attention must be exerc sed n the selection
and instalation of electrcal equ pment used n
these areas to insure hot or arcing components do
not gnite the gases or dusts Ths Technical Guide
provides specific gu de nes for using Baey
e ectronic Transmitters and Positoners In these
areas

Hazardous Locations

Areas In which a flammable (exp os ve)
atmosphere may occur are defined as “Hazardous
(Classfed) Locatons’ by the Natona E ectrcal
Code (NFPA 70) The flammable atmosphere
results from the presence of ignitable
concentrat ons of gas, dust, or fibers in the air Area
cassfcation 158 by Cass Diision and Group In
North Amer ca (The European system of Zone and
Group c assification 1S further detaied n Appendix
B)

Class
Hazardous Locat ons are subd v ded nto three
classes

C ass | for gases
C ass |l for dusts
Clase Il for fibers

Division
Each Class is further subdivided nto either
Divis on 1 or Divis on 2

D wision 1 hazardous ocations are areas where
the flammable atmosphere occurs during normal
operation Examp es of Dvision 1 areas would be
around pant spraying operations oF where
fammab e Iquids or vapors could escape from open
tanks indoor vents, ndoor hose couphngs,and
)nadequately vent ated ndoor pumps and valves

Division 2 hazardous ocalions are areas where
the flammable atmosphere ony occurs because of
an nfrequent fa ure Typcal fallures may be
leakage from pump and vave packings leakage
from sealed contaners or falure of purging or
ventilating systems

Group

The flammable matenals are dwv ded nto
groups to hep describe the nature of the mater al
and the ease of igntab ity The ease of ignitability
s prmanly based upon how smal the gap must
be between flanges on an exp osion proof
anc osure Any gases (or dusts)exp od ng nter-
na to the enc osure musi be coo ed as they pass
out through the enc osure f anges to nsure they
wi not ignte the externa f ammable at
mosphere. Gases wh ch either require a “large”
amount of energy to gnite or which have “weak’
exp osions permit the use of large flange gaps
Gases n Groups A and B ignite at ow energy
eve s with a strong explcsion Thus, they requ re
an enclosure with very sma | gaps Groups C and
D ailow progressively arger gaps
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Division 1  Applications

Bai ey transmitters have been des gned and cert fied
with two different protect on methods to alow ther use
in “normaly” flammable atmospheres These methods

are explos onproof enclosure and ntrnsicaly safe
instal at on

The AP Positioners have ony been certified for
ntnnsically safe instal at on

Explosion Proof

Explos on proof certification assumes that the gas
wi| penetrate the enclosure and w be gnted by the
internal electrica circut The requrement s to prevent
the nterna explosion from propagat ng to the outs de of
the enciosure and gmiting the externa flammabe
atmosphere If the atmosphere contains a dust, then this
design is referred to as dust gnitionproof Primary design
guidelines are

1 Insure that enc osure wil withstand an interna
explos on (this usually necessitates thick, heavy metal),

2 Insure that hot gases are adequately cooled
before they reach the outside of the enclosure (this
requires wide flanges and several thread engagement
of covers and conduit),

3 Mark the unt to show which fammable
atmospheres are permitted

When a transm fter s ut 1zed as explosionproof al
wnng must be n rgid conduit that 1s properly sealed
(sea ng is done by pouring a specia compound into the
conduit) This type of nstalaton is tme consum ng,
costly, and d fficult to modify once assemb ed The covers
must always be kept fu ly on the transm tters

Intrinsic Safety

Intr ns ¢ safety certification assumes that even f the
dust or gas penetrates the fie d equ pments enciosure,
it wll not be ignited because the energy available in the
fela equipment s ess than the energy requirea to gnite
the atmosphere The energy requred 1s greaty
dependant upon the material and varnes from 17 m cro-
Joules for hydrogen and 200 micro-Joules for propane
to 60,000 micro Joules for coa dust Agan, the
equipment must be marked to ind cate which fammab e
atmosphere is suitab e

Intrinsic safety certif cat on allows the use of ord nary
ocation wrnng n pace of ngd condut Ths makes the

circu ts much eas er to nsta and mod fy However since
the wrng s not protected by conduit tis assumed that
the wires coud short, open or ground Thersfore, the
energy must not only be hmited nterna to the field
equ pment, but must also be kmited in the field wring
The norma method of doing this 1s to place an ntrinsc
Safety Barrer in a location externa to the flammable
atmosphere Ths barner mts the votage and the
current which can fow in the wirng and in the fied
equ pment

Intirsic Safety Barrcrs can be ether actve or
passive A typical pass ve barr er conta ns four essent al
components as shown below
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CR1 and CR2 are redundant diodes which prevent
the voltage from exceeding a specifed vaue Typical
vaues run from 1 volt for thermocouples to 30 volts for
the 24 V dc 4-20 mA transm tters and positoners Ft
1s a fuse that protects the d odes from open crcutfa ure
R1 s a seres resstor to prevent the current from
exceed ng a specifed value The value of ths resistor
can range from 10 to over 400 ohms The va ue depends
upon the voltage eve of the dodes and the group
cassfcation of the fammable atmosphere This
addtona resstance can exceed the drve capabihites
of the contro system

Active barners have been des gned to overcome this
problem of the additona seres resstance These
barr ers draw current from the power supply to amp fy
or repeat the 4 20 mA s gnal These barrers still use
diodes to | mit the voltage but use sold state dev ces
npace of the res storsto m tthe current

Tne selecton of an approprate ntrinsc Safety
Barr er cannot be arbitrary The barrier must be evaluated
to insure both ntrinsic salety and proper performance

1 The ntrinsic safety eva uation must ver fy that the
energy miting features of the Barnier for votage and
current are not compromised by the energy storage
components (capacitors and nductors) n the fed
equ pment



2 The performance evaluat on must venty that the
total loop res stance 1S OW enough to allow the maximum
current to flow This is normally 20 mA

Third party venf cation to insure that various barner/
field equ pment combinations are ntr nsically safe can
be done using either system evaluaton or entity
evaluaton

Intrinsic Safety System Evaluation

System evaluation involves testng a spec fic field
nstrument wth a specific barner Fault conditions are
ntroduced nto both unts and tests are run to determine
i ignton of a test gas wil occur Under system
avaluation, the laboratary certdicaton s maintaned only
f the customer uses the fie d instrument w th the specific
barr er tested by the aboratory

Bailey Positoners and Transm fters have Factory
Mutual system approval wth spec fic barriers
manufactured by Bailey, Leeds & Northrup Foxboro,
Taylor and Westinghouse These gpecific barners are
designated by the pref x s’ In Tabes1thrub

Intrinsic Safety Entity Evaluation

Entty eva uation involves testing the barrers and
feld equipment ndependently Each unit s assigned a
voltage and current ratng (FM) or a voltage and
resistance ratng (CSA) The customer can select any
combination of certfied field equipment and certified
barr er prov ding the barmer parameters do not exceed
those a owed by the fied equipment parameters Ths
concept s relatvely new and s further explained In
Appendix A

Intrinsic Safety Installation

Intnns cally safe loops are normaly w red with
rout ne w nng methods, not ngid condurt Therefore, they
are considerably easer to modify Although the same
explosionproof enclosure s used on the transmitters the
cover and conduit openings do not have to be kept tight
(fully sealed or screwed down) unless there are dusts
present (Class |l and Class )il hazardous locations) The
addit onal expense for the bammer can be a major
consideration nthese nstallations

Miscellaneous Fleld Equipment

Other equipment which s frequently used n a
fammable atmosphere nclude thermocouples, RTDs,
switches solenoids, amps, analog meters and dig tat
displays The selecton of barrers for these units s
dscussed in App cation Gu de 999-14

Division 2 — Applications

Baley Transmitters have been designed and
certif ed with three different protection methods to allow
use n locations which become flammable “by a taure”
Both the expiosionproof enclosures and the ntnns cally
safe nstallatons are allowable Each must be
mpemented wth the same strctness as If a
Divison 1 hazardous locaton The third method 1s as
non ncendive The Pos tioners and many of the 7000 line
products have also been designed and certifed as
non ncendive

Nonincendive

Nonincendive certification assumes that the
flammable gas, dust, or fbers will only be n the
anvironment as a result of an infrequent failure The field
equipment s evaluated to nsure that duning norma
operation, t does not ro ease enough energy In the form
of sparks or hot components to cause ignition of the
fiammab e atmosphere It is extremely uni kely then that
a fadure would occur which would cause a flammable
atmosphere 1o exist at the same tme that a fault in the
equipment would occur which woud be capable of
gnting the flammable atmosphere The evaluation to
verfy a nonincendive rating consisis of analyzing all
‘arcing  parts and all thermally hot pars Accing parts
mcude relays, swiiches motors, thermostats,
potent ometers, connectors, fuseholders and
lampholders The analysis must show that either arc ng
cannot occur in normal operation or that the arcing 18
ehergy m ted to a level below the ign tion energy of the
flammable atmosphere

Tre advantage of the nonircendive ratrg 18 that the
nsta ation does not require Intr nsic safety barners nor
must the w ring be p aced 1n ngd condurt Typica wring
used i1s Power L mited Tray Cable (PLTC), a designation
assigned by Underwriters Laboratones The usual
nonincendive rating obtained for Bailey fied equipment
1sfor Class }, Dvson2 GroupsCand D

References

This summary about hazardous ocatons s ntended
to he p put the var ous terms mn an overal context The
torms have not been rngorously defined For more
exactng defintions and specthc code, standard and
certification requirements refer to the following

ANS /UL 913 1988 ‘Intr ns cally Safe
Apparatus

ANSIH SA S12 12 1984 “E ectr cal Equ pment for
Use in Div sion 2 Locat ons’
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CSA C22 2 No 25 (1966) * Enc osures for Use n
Cass | Locatons™

CSA C22 2 No 30(M1986) “Enc osures for Use n
Class Locatons’

NFPA 70 (1990) “*Nationa Electr cal Code’

Bai ey nstruct on 4576K16 034 (1981) * Type 766
Barr er Units’

Appendix A

Batiey Field Equipment Under Entity Evaluation

The entty evaluaton provdes a method for
specifying independent barner parameters and
independent field equipment parameters The barner
parameters are norma y determned by testng under
fault conditions The fied equ pment parameters are
usua y specified by the manufacturer These fied
equipment parameters are then used by the testng
laporatones 10 msure that the equpment wil not ynte
the flammable atmosphere when operated at these
parameters The tests also inc ude induced fauts Dur ng
these fauts, the components in the equipment may be
subject to voltages and currents severa t mes the norma
evels

Once the field equipment is cert fied to the spec fed
parameters, the customer can se ect any certified barr er
that does not exceed these parameters and use the
combinat on without any further evatuat on by the testing
aboratory

EXAMPLE  The Ba ey BC Transm tter s rated
Vmax 40V dcand iy, 332mA under the Factory
Mutual entity method This wou d a low the use of any
FM ent ty approved barr er w th a Vo rat ng of 40 V
dc or ess and an g rating of 332 mA or ess

EXAMPLE  The Baley BC Transmtter s rated by
CSA to be sutab e for any cert f ed barr er that does not
exceed 30 vots and has a series res stance of at least
250 ohms CSA has aiso certfed the BC for barners
with less res stance if the vo tages are appropr ate y lower
such as 40 ok™s m nimum f the vo'tage does not exceed
10 volts

The prmary advantage of entity certification s that
the user s gven fexib ity in the inta selecton of the
barrers and fied equipment and then mantains the
fexib ty of replacing fie d equ pment w th newer or better
units

Baley feld equpment has been desgned and
certified to be used w th the broadest range of barr ers

CSA Entity Listing

The enhty parameters assgned by CSA are the
maxmum votage and mmmum resstance that the
associated barrer may have The parameters selected
for the f eld equ pment are usual y based on actua barrier
parameters this 1s in contrast to the FM system
dscussed ater As a consequence severa sets of
parameters must be seected to cover the range of
ava ab e barr er ratings The sets of Maximum Voltage/
Mnmum Resstance ratngs usually seected are
32V/400 ohms 28V/27C ohms, 22V/150 ohms, and
10v/40 ohms for Grcups A thru G fammable
atmospheres The resistance can be ower if Group A
and B gases are not of concern The sets of ratings for
Group C thru G fammable atmospheres are 33V/200
ohms, 28V/120 ohms and 10V/40 ohms Table 8 sts
the sets of barner parameters cert fied for the varous
Batley products D fferent parameter sets were prmany
due to different barrers beng avalabe when the
submittas were made The barrers compatble wth
Bailey fie d equipment from an intrinsic safety eva uat on
are shown n Table 7

Vimax 1S the Tax nur-~ allowed supply vo tage which
may be applled to the barrer Votages above the
tabulated value may cause permanent damge Re-e is
the end to end resistance of the barner Ths s the
max mum poss b e resistance that the barr er adds to the
loop Both V... and Ree are used to verfy the
performance of the barner/f eld equipment comb nat on

FM Entity Listing

The entity parameters assgned by FM are the
max mum voltage (Vmax) 3nd the maximum current (Iyax)
that the f eld equipment can “safe y’ receive Barrers are
assigned an oper ¢ rcuit voltage (V,) and a short circu t
current () Barrers which have a V,. exceed ng the
Vmax ratng or an g exceeding the lnax ratng may not
be used Since the ower voltage barrers have hgher
current outputs the ratings assgned to the fied
equipment are not representat ve of an actua barrer The
parameters seected for Ba ey Transmitters and
Posit oners are 40 V,,,, and 332 mAp,,, The barr ers
compatibe wth Baley feld equ pment from an
ntr ns ¢ safety eva uat on are shown nTabe 6
reso ve th s prob em The barners compatb e w th Balley
feld equpment from an ntrnsic safety evaluaton are
shownin Tabe 6

Performance Evaluation of Barrier/Field Equipment

The barr ers wh ch a‘e acceptab e under the FM and
CSA entity requ rements must now be eva uated to insure
that the add tional resistance added to the oops w not
be excess ve

Actve barrers minmze the problem and often
provde more oad hand ng capab ty than the basc
system Examp es of actve barners are MTL's 322 and
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2441 for transm tters and MTL s 2442 for positoners In
addit on, some barriers are suited more for systems other
than Ba eys Foxboro, Honeywell and Tay or systems
provide ether grounded returns or lower feedback
voltages to insure that their barners can be used with
typical transmitters and positioners Intr nsic safety loops
wth these barrers are shown in Figures 1 4, 7, and
9

Barniers used in transmitter oops often provide a 250
ohm resistor internal to the barnier Th s converts the 4-20
mA sigial tu a 1-56 V dec sgna and @ m nates the seres
resistance of the return barrer from the 4 20 mA loop
These barr ers are shown in Figures 3 and 5 E minating
the seres resistance of the return barrer can also be
accomp shed by mountng a 250 chm resistor to the
return barner as shown in F gure 6

The power supply Is often crtica in intrins cally safe
loops f the voltage s too high t wil destroy the barner
by ‘bowing’ the nonrepairable interna fuse Yet, f the
voltage is too low, the 20 mA current cannot be achieved
Normally, a 24 V, +1 V supply 1s sufficient for Group
A/B fammable atmospheres ony if actve barriers are
used Pass ve barners will usually requ re a 25 or 26 vo t
power supply The regulaton/stab ty of the supply
should be + 0 1 volts

Bailey controllers in the NETWORK 90® and 7000
systems utilize a 250 ohm reference tes stor in the return
leg This requres that the lower bamer be a minimum
of 5 volts A grounded return eg may not be used In
order to min m ze the resistance in the return barner, a
ow voltage barrier or a barner with dicde returns is used

Tables 1 thru 5 show the matching requirements for
functona performance The pnmary specificaton
tabu ated s the allowed cab e resistance Each 1 ohm
of alowed cable resistance 1s equivalent to 200 feet of
14 AWG wire 125 feet of 16 AWG wire or 30 feet of
22 AWG wire The use of the optional EMICO 35 WT
meter is equivalent to 15 ohms of cable res stance

Table 1 s for transmitters used w th Bailey systems
Cable resistance s dependent upon the power suppy
voltage

Table 2 s for transmtters used with non-Baley
systems Cab e resistance s not always dependent upon
the power supply voltage

Table 3 1s for AP7 Positoners used with Bailey
systems Cable resistance is dependent upon the system
dnve capab it es whch 1s 750 ohms for 7000 ne, 600
ohms for standard NETWORK 90 systems, and 850
ohms for NETWORK 90 systems wth 26 volt power
supplies

Table 4 1s for AP7 Positioners used with non-Bai ey
systems Cable resistance Is again dependent upon the
system drive capabiiity

Table 5 is for AP8 Posit oners (servo portion only)
There 1s no max mum loop resistance spectfication The
tota loop resistance does affect the drive current The
drve current greaty affects the speed of operation
Therefore, the tabulated specification 1s the drive current
and not the a owed cable resistance The cable
resistance I1s assumed 10 be 10 ohms The AP8 feedback
portion s a 4-20 mA posit on transmitter Barrier se ection
1s done from Tabes 1 and 2

Definition of Terms Used In Figures and Tables

Re  Resistance of all cabies and wiring inthe
4-20 mA loop
Tabis 1 tabulates Rc for various supply

viiiages
rwemmu.mmm -
Tabie 3 thibulates Re for various Beley

Sysms
Table 4 tabulates Bio O nenEiln smioms
T&smg&m

cah drive

Mandmurn adided resistants b satien barvier

Maxivum loop resistance (sum-ol R, Re, Rr,
and Rp}

e Mitienim aliowsiole voliege:s the baeier

Vout mmmmw
to drive foop.

Ve mﬂmmm ,

2 F 23 B
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Appendix B

European System For Classifying
Explosive Atmospheres

The European c assification system for hazardous
locations 1s substantia y different from the North
American system It contains the Zone 0 concept n which



the flammable atmosphere s assumed to be present on
virtually a cont nuous bass Ths would occur n the ar
space above the tank conta ning a f ammable iquid The
European system has not effect vely treated exp os ve

Markings used to desgnate the vanous protecton
methods are as follows

o rve
dusts or fbers at this tme although work s n process o lne.: W v s B e
The following table compares the classifcaton for o daiBie g PR L
various gasses XS 5 W e nnoniivSos KRS 1 sep i

Ex d §

TABLE1 Transmitter Intrinsic Safety Loops Cl
(Compatible with Balley NETWORK 90® and 7000 systems)

KEY eA-G (entity cert f ed Groups A thru G) eC-G (entity cert f ed Groups C thru G) eD (entty certif ed Group D only)
aC G (system cert fied Groups A thru G) sC-G (system cert f ad Groups C thru G} sA D (system cert f ed Groups A thru D)



TABLE 2 — Transmitter Intrinsic Safety Loops
{Compatible with non-Balley systems)

KEY 8A-G (entity certified Groups A thru G) SA-G (systen certified Groups A thru G
aC-G (entity certified Groups C thru G) 8C-G (system certified Groups C thru G)

TABLE 3 — Positioner intrinsic Safety Loops
(Compatible with Balley NETWORK 90® and 7000 systems)
S T ONER (132 ohms)

AP63 PO
k T i

3
5




AP83 POSITIONER (650 ohms)

TABLE 4 — Positioner Intrinsic Safety Loops
(Compatible with non-Bailey systems)

AP73 POS T ONER (350 chms)

KEY eA-G (entity cert fied Groups A thru G)
8C-G ({entity cert fied Groups C thru G)
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A G (system cert f ed Groups A thru G)
sC G (system cert f ed Groups C thru G)

TABLE 5 — Paositioner Intrinsic Safety Loops
(Compatible with Bailey NETWORK 90® and 7000 systems)

Servo portion only [4-20 mA Transmitter for

needs

The resistance Rp of the AP83 Posltioner s dependant upon the d p switch setting

The m n mum resistance of 650 ohms is obta ned by cosing a four switches
The speed of operation 1s greally dependant upon the series res stance and the operating temperature
At 25 degrees C the approximate time from 0 to 100 % trave s as fo ows

5 seconds @ 34 mA drive current

15 seconds @ 17 mA dr ve current
25 seconds @ 13 mA dr ve current
50 seconds @ 10 mA dr ve current

Fault analysis of the Return Barr ers must assume thewr outputs are shorted together through the ow res stance
of the motor coll res stor (45 ohms), therefore, they must be higher res stance than norma or contan bockng

diodes

Sultable barriers are limited to the following
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# 1 5 volts 1s subtracted for the voltage drop across the so d state contacts n the NETWORK 90 digita outputs
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TABLE 6 — 1984 FM Entity Approved
Intrinsic Safety Barriors
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TABLE 8 — CSA Certified Par s for All d Barrlers
N S S5 Wby sultable for
?‘? & 2 Lt e © v @
v 2 e
S % 1l g 200
olws | onm
i A F X 1 X
o X1 XTI 1K X X | X
g o X 1 X : i X
o , X § 1KY X x*
¥ L X T X R ATETE R TR X
- X K AR X X

TABLE 7 — 1984 CSA Blue Book Listing
Intringic Safety Barriers
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