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Are the Intrinsically Safe Loops in Your Process Compromised
by the CRT in Your Control Room?

Rchard C Masek PE
February 26 1991

E ectr ca equ pmentused where f ammab e vapors may
be present must be des gned so that they are notan gnton
source One method of accomp snng tns for ow power
equ pment (for examp e 4 20 mA ifransm tters and pos
toners) sto nsta such equpment nan ntrnsca y safe
oop These oops are energy mied sothat keyfauts n
the equpment orwrngw notcreate an gntoncapabe
spark

The energy m taton for ntrns ca y safe oopstypca y
s accomp shed w th an ntr ns ¢ safety barr er The use of
barrers e mnates the need to nvestgate the contro
equ pment connected to the transm tters and pos t oners
However the now popu ar use of cathode ray tube mon tors
mdy fvd date t'e FM uL or CEA cetfcato~ of the
barr ers and resut n a system that wou d be rejected by
nspectors

The d ff cu ty ar ses from the fact that the vast major ty
of ntrnsc safety barrers have € ther a marked or a
presumed votage mt that app es to the contro
equpment Ths mtmay be specfedas

Max safe area vo tage 250 v or
Vmax < 250Vrms or
Unspec fed Equpment V < 250 V

The ntent of the mt sto nform the user thatfauts n
the contro equ pment shou d notresu t n more than 250 V
beng app ed to the barrer ANS/SA RP126 1987
expansthsasfo ows

Assoc ated apparatus and contro room apparatus
connected to t sha not be powered by more than
250V (rmsordc ne to neor re to ground)andsha
not generate any votage nterna y n excess of ths
vaue

Sm ary the Appendx F of the Canadan Eectrca
Code states

F3 1 3 Contro room equ pment  sha notbe powered
by more than 250 V rms ac or dc neto ne or
ne to ground and sha not generate nterna y any
votage n excess of these vaues uness the barrer
devce or the assocated apparatus s specfcay
approved and marked for a hgher votage or the
equpment tsef s approved and marked to permt
connect on

S nce the contro equ pment shoud not contan any
vo tage sources h gherthan 250 V the obv ous conc us on
s trat a ~o~tor us~g a » g~ votage catrode ray tube
(CRT) may not be used f ntrnscay safe oops are
nsta ed

Th s may be a surpr s ng statementto many ndvduas
snce CRTs are becomng away of fe nvrtua ya new
nsta atons and retrctts The ntent of ths artce s to
exp an the probem and dent fy so ut ons be ng used

The ssue was frst brought to the attenton of the
nstrument Soc ety of Amer ca ( SA) SP12 comm ttee by a
major manufacturer of process contro equpment Ths
man fact irerran a e mp etest nwh chthe h ghvo tage on
the cathode ray tube (CRT) was a owedto d scharge on to
the sgna wrng to an ntrns ¢ safety barrer n order to
show the neffect veness of the barr er the d scharge was
notevenmadetothes gna termna buttothes gna return
termna see F GURE 1 The sgna return termna was
then connected to ground w th severa feetof 12 AWG w re
The res stance of ths ength of wre was ony a sma
fract on of the max mum one ohm res stance perm tted
Athoughthe d scharge asted ony m croseconds the hgh
current eevated the barrer ground termna severa
hundreds of vo ts caLs ng the s gna return to arc n the
hazardous ocaton to grounded meta The arc was
gntoncapabe



The test demonstrated that the barr er components were
rre evant Thearcw occur ndependent of the zener type
the fusng the transent mtng or any other barrer
parameter T S NOT POSS BLE FOR THE NTRNS C
SAFETY BARR ER TO PROV DE THE NEEDED PRO
TECT ON The faut current n the ground ead was the
p-cbe™

Fortunatey at the tme of ths demonstraton t was
cear that manufacturers ord nar y provded sgnfcant
separat on between the CRTs n the contro room and the
ntr ns ¢ safety barrers n the equ pment cab nets Some
manufacturers had severa nterven ng crcu t boards and
cab es suchthatthe energy nthed schargewasd ss pated
destroy ngthese c rou tboards These mar ufacturers were
ab e to demonstrate that the max mum va tage app ed to
the barrer durng a faut never exceeded 250 V Other
manufacturers separated the CRT from t1e barrers by a
data h ghway Each end of the data h ghway was protected
by surge suppressers to absorb ne transents Agan t
was poss b e to show that the max mum vo tage reach ng
thebarrersst ddnotexceed250V nessence the arge
fau t current had been routed away from the ntr ns ¢ safety
barr er ground ead to other parts of the system
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An addtona consderaton s the sgnfcant rsk to
sem conductor dev ces posed by the h gh vo tage and the
energy stored wthn the CRT Montor manufacturers
prov de arc suppressers around the CRT n order to short
crcut arcs or sparks drecty to the fyback transformer
Aso t s genera practce to ground the second anode
returm sothat asuchaspossbe fautsw rotpropagate
outs de the enc osure Th s d recty affects whether or not
energy keyw bed sspated nterna yorexterna ytothe
mon tor

A fna consderaton s the safety hazard caused by the
15 000 to 30 000 second anode vo tage The efforts made
to prov de user safety by soatng the hgh votage aso
wou d be expected to prov de so at on to reduce the r sk of
gntng an exp os ve atmosphere CRT Mon tors prmar y
fa under the Safety Standards for data processng
equpment UL 478 and CSA C222 No 220 These
standards do not conta n spec f ¢ gu de nes for segregat

ng the hgh votage from the sgna crcuts but rey
prmary on a deectrc strength test Ths provdes
approx mate y a 33% test factor Underwr ters Laborator es
aso requ res both that sted wre be used and that the
connect on to the CRT be securey fastened St these
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gude nes do notappear to ensure adequate separat on of
crcuts ndeed t snotuncommon to see the h gh vo tage
second anode ead touch ng orread y ab e to touch other
crcuts

The Brtsh ndustra Measur ng and Contro Apparatus
Manufacturers Assoc aton (B MCAM) addressed ths
ssue n a 1979 nter m code of practce They stated the
fo owng

The major ty of systems woud requre a mutp cty of
fa ures for the h gh vo tage of the CRT to break thro_gh
to the barr erterm na s Where the r sk of break through
to the barr er cannot be read y assessed to be better
than 10 '§/annum then add t ona protect on nthe form
of an adequate y rated h gh vo tage suppresser for each
CRT sgna termna shoud be used Snce ths
protecton s a secondary safeguard no dup caton of
the components wthn the unt s necessary but the
suppresser shou d be capab e of safeguard ng aga nst
thefu range of vo tage and current pu ses wh ch can be
env saged from the ava abe pcwer source When a
system connected to safety barrers contans a CRT
then the safety documentat on shoud contan a cear
statement that the hgh votage s adeguatey
segregated or made safe by the use of surge
suppressers Th s statement may be made e ther by the
supp erofthe system the CRT manufacturer orthe end
user

The grow ng need to ocate CRTs outs de of the contro
room e ther nthe equ pment room or at the process tse f
makes t ess key that ntervenng equpment or data
hghways w provde the needed surge protecton
Fundamenta y fthe d scharge of the anode s a owed to
eave the CRT encosure there s the possb 1ty that an
gnton capabe arc can occur As demonstrated n the
experment the ground termnas themse ves can be
e evated hundreds of vo ts to the po nt that ¢ rcu ts rated
onyfora500votdeectrcw arcto grounded meta and
provde an gnton source

The ma n thrust of protect ng CRTs so that they are
su tab e for use w th equ pment connected to ntrnsca y
safe 0ops s ether to orov de an extreme y good nterna
return path wthn the CRT encosure or to provde
separat on that s un ke y to be defeated Atthstme the
cha enge woud seem to be wth the CRT montor
manufacturers to desgn unts n whch t s extreme y
un ke y that the second anode vo tagewou d arcto s gna
wrngandcause a arge faut current to ex tthe enc osure
Ensur ng that fau ts wou d be un ke y to comprom se the
basc nsuaton on t1e second anode wre coud be
accomp shedby spac ngthe seeond anade w re from other
crcuts per TABLE 1 enc os ng the second anode wre n
a grounded bra ded meta s eeve (bonded at the f yback
transformer) or encosng the second anode wre n 2
second protectve Jacket Where none of the above s
appropr ate each sgna ead eav ng the enc osure cou d
be protected w th n the CRT by a trans ent suppressor

Voltage Spacing
20 kv 35mm(14)
25 kv 45mm(18)
30 kV 55mm (22)
35 kV 65 mm (26)
40 kv 75mm(30)

fABLE } Sy s Bused U pon FIG ™ fIEC prod 3

nconcus on tests oerformedtodateaswe asexstng
fed exper ence has shown that where cathode ray tube
montors are not mounted n the same enc osure wth
ntr ns ¢ safety barrers there s no sgnfcant rsk of a
fa Ure n the montor caus ng an unsafe condton at the
nmrnsc safety barrer However when ntrnsc safety
barrers share a common encosure wth a CRT then
addtona evauaton shoud be performed to determ ne
whether the h gh vo tage can fautto s gna crcu ts and the
consequences of such a fau't
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