WARN l NG——M isuse of this product may cause explosion and personal injury. Do not use without first reading and
understanding these instructions and the apporatus installation and operating instructions.
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USE AND INSTALLATION OF PRESSURE GAUGES

The following information on installativn and use has been excerpted from ASME B40.1-199. The complete ASME B40.1.1991 standard which contains
additional information may be obtained from the American Sociely of Mechanical Engineers, 22 Law Drive, Box 2300, Fairfield, NJ Q7047-2300

3.3.4 Pressure Connection

3.3.4.1 Location of Connection
Eag stem mounied - bottom or back
b l;lnrfac:ua mounted - botlom of

cl
<) flush mounted - back

3.3.4.2 Type of Connection. Taper
E;pe connections_for ’pressurcs up
rough 20,000 rsu (1!6( 000 kPa) are
usually 1/8-27, 1/4-18, or 1/2-14NFT
e pine hneads pok ANSUASME
naltaper pipe threads per ANS
B1 .Zgﬁr%’mquired. paihﬂv(! this pres-
sure, 14 high Irrcssure whing connec-
tions, of eqlua , ity be used. Other
Ypropnate sized connections, em-
oying sealing means other than ta-
ered ds, are acceplable.

In applications of stem mounted
gauges, especially with liquid fifled
cascs and where vibration is severe,
consideration should be given to the
possibility of failure of the stem or
associated 'piping caused by the vibrat-
ing masso lhugg[t‘lge. Alarge connec-
tion (c.g., 1/2NPT mstead of 1/4 NPT)
oF a sironger stem material {e.g., stain-
less steel mstead of brass).or both,
should be considered.

a
P
P!

3.4.1.10 Mounting a pressurc gauge in
1 position other than that at which it
was calibrated can affect its accuracy.
Normal calibrating position is upright
and venical. For .:;Ephcatlons‘requq-
ing mounting in other than this posi-
tion, notify the supplicr.

3.4.1.12 Caution to Users.

Pressure gauges can be rendered inac-

cmte_d:m:‘p:i shipmenl despite care

taken in ;{: aging. To ensure con-

fgxmance the standard gmd&t: which
¢ pressure gauge was imanufactured,

it shonld be ¢ ecgkcd before use.

4 SAFETY

4.1 Scope |

‘This Section of the Standatd pre-
sents certain information to guide us-
ers, suppliers, and manufacturers to-
ward minimizing the hazards that coutd
result from misuse or misapplication
of pressure gauglc;.s with elastic cie-
ments. The user should become famil-
iar with all sections of this Standard, as
all aspects of safety cannot be covered
in this Section. Consult the mannfac-
turer or supplier for advice whenever
there js ungertainty about the safe ap-
plication of a pressure gauge.

4.2 General Discussion R
4.2.1 Adequate safety results from m-
tellient planning and careful selection
and installation of gauges into ¢ pres-
sure system. The user should inform
the supplier of all conditions pertinent
to the application and environment 20
that the supplier can recommend the
most suitable gauge for the applica-
uoin.

4.2.2 The history of safety with respect
to the: use of pressure gatges has been
exo?llent. Injryto peé:mne!apd ;ilanﬁ;
age to prope ve been minimal.
mgost insmnccns{ the causg of failure has
been misuse or misapplication.

4.2.3 The pressure sensing element in
most Eauges is subjected to high inter-
nag thees' anigmapphtgnnons exl:ist
where the possi o camsuwoa ic
failure is present. Prqe'ssure reguiators,

chemical (diaphragm) seals, pulsation
dampers or spubbers, syphons, ad
other similar items, arc available. for
use in these potentially hazardous sys-
tems. Thehazard potential increases at
higher operating pressurc.

4,2.4 The following systems are con-

sidered potentially hazardous and must

be caretully evallated:

aycompressed gas systems

Iyoxypen systems

¢ }systems containing hydrogen or free

hjdmgcn alowns

}j Jcorrosive fluid systoms {gas and
i

{e}pressure systemscontaining any ¢x-
tosive or fammable mixture or me-
jum
f) steam systems
%nonsteady chssur_c Systems
(R)systems where high overpressure

could be accidentally applied

(i{) systems wherein mterchangeability

of pauges could result in harardous

intetnal contamination or where lower
ressure gauges could De installed n
igher pressure systems

(jy systems contatning radioactive or

toxic Fluids (liqoids or gases)

(k) systems instalied it s hazardous

environment

4.2.5 When gauges arc 1o be used in
contact with media having known or
uncertain corrosive effects orknown to
be radioactive, random or unique de-
structive phepomeny cim OCCur.
such cases the user should always fur-
nigh the supphier or masufacturer with
information relative to the application
and solicit his advice prior 10 installa-
tion of the gauge. .
4.2.6 Firc and explosions within a pres-
SUFC SYSIem Cu cause pressure cle-
ment fajfure with very violent effects,
even Lo the point of completely disinte-
%r,ntmg or melting the pressure gauge..
iolent effects are also produced when

fajlure occurs due to:

a)hydrogen embrittlement;
bicontamination of acompressed gas;
c)formation of acetylides;
dyweakening of sofl selder joints by
steam or other heat sources;
(¢} weakening of soft soldered or sitver
brazed joinis caused by heat sources
such as’fires;

corrosion;
‘éfaﬁg;e;
b)mechanical shock;
i

} excessive vibration,
Eailure in a compressed gas system
can be expected to produce vielent
effects.

4.2.7 Modes of Pressure Gauge Fail-

ure
4.2.71 Fatigue Failure, Fatigue fail-
ure caused by pressure induced stress
generatly oocurs from the inside to the
outside along & highly stressed edge
radius, appearing as a smalf crack that
ropaga alongﬁhe edgeradius, Such
ajlures are usually more critical with
compressed gas media than with liquid
media
Fatigue cracks usually release the
media fluid slowly so case pressure
buildup can be averted by E’Owdmg
pressure relief openings in the gauge
case. Howevet.mingl;liressme c
elements where the Vield strength ;txg-
proaches the ultimate strength of the
element material, fatigue failure may

resemble explosive failure.

A restrictor lplz;\x:cd inthe gauge pres-
sure inlet will reduce pressure surges
and! restrict fluid Qow into the partizﬁly
open Bourdon tube.

4.2.7.2 Overpressure Failure.
Overpressure failure is caused by the
application of internal pressure greater

an the rated limits ol the elastc ele-
ment and cau occur when a fow pres-
sure gauge is installed in a high pres.
sure porl or system. The effects of
overpressure fiilure, usually more criti-
cal in com;;rcsscd gas systems than in

liquid flled systems, arg unpredictable
andmay c. paris to be propelled in
any dircution. (ases with pressure

refied epenings will not always retain
expelled parts.

Placing a resteictor in the pressure
gauge mle%' will pot reduce the immedi-
ate effect of failure, but will help con-
irol flow of escaping fluid following
ruptare and reduce poleatial of second
ary cffecls.

H i pencrally secepled thad
front v with prgiare reliel ba
will reduce the possibility of parts b
mti projected forwurd i the event of
failure.

The window alone will not provide
adeguale protechion against wieanal
case pressure buitdup, and can be the
most hazardous componeot.

Short duration pressure impulses
(pressure spikes) may occur in hydrau-
Yic or poewmatic systems, cspecially
when valves open or close, ‘The mag-
nitude of the spikes may bemany times
the normal operaling pressure, and may
pot be indicated by the gaupe. The
result could be imamediate (ailure, or 3
large upscale crrar. A restriclor {snub-
bery may reduce the umi:,mlmlc of the
pressuré transmitted o the elastic ele-
ment.

Sobut
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4,2.7.3 Corrosion Failore, Corrosion
failure oecurs when the elastic element
has been weakened through attack by
corrosive chemicals ﬁllment in either
the media toside or the environment
outside it Failure may occur as pin-
hole leakage throngh thie ¢lement walls
or early fatigue failure due to stress
cracking brought abomt by chemical
deterioration or embmittledcnt of the
malerial, )

A chemical (diaphragm ) scal should
be considered for use” wilk pressure
media that may have a corresive effoct
oirthe ¢lastic element.

4.2.7.4 Explosive ['ailure. Explosive
failure is caused by the refease of ex-
plosive energy gencrated by a chemi-
cal reaction such as can result when
adiabatic compression of oxygen ec-
curs in the presence of hydrocarhons.
Itis genemﬁy accepled that there is no
known means of Frc_dicnng the m;n{»,nv
tude or effects of this type of faifwre.
For this mede of failure, a solid wall or
partition between the elastic clement
and the window will pot necessaril

prevent parts being projected forward.

4.2.1.5 Vibration Failure. The most
commeon mode of vibration failure is
that where the movemenl patts wear
becanse of high cyclic loading caused
b¥ vibration, resulting in gradual loss
of accuracy, and, ultimately failure of
the pointer 1o indicate any pressure

IMPORTANT - Read other side for additional instractions and warnings.

change.

4,2.7.6 Vibration-Induced Fatigue
Failure. Tnaddition 1o its cffect on the
ﬁau e movement and lnkapc (see para.

21.8) vibration ma{r. W some in-
stances, resull in high loadipg of vari-
ous parts of the pressure element as-
sembly,  This loading could couse
cracks inthe element itself, or in joinis.
{"use pressure buildup may be slow,
bzl it 15 possible that a large hole may
sudsdenly develop, with a high rate of
casc pressure rise, which cobid resuit
in_a failure similar to an explosive
{ailure.

4.2.8 Pressure Comnection. See roe
ommendations in para, 3.3.4.

4,3 Safety Recommendations
4.3.1 Operating Pressure. Vhe pres-
sure gauge selecied should have a full
scole pressure such Uhat the oﬁratm
pressabre Oueurs in the middle half (2
o 759} of the scsle. 'The full scale
pressure of the pmat;(-, selected should
w approximately fwo times the in-
tended operating pressuse,

‘Should it be necessary for the oper-
atmeg pressuce fo e
scalé, contact the supplier for recom-
mendations.
This does notspply {0 test, retarded, or
suppressed scale gauges.

4.3.2 Use of Gauges Near Zero Pres-
SUFG.

Theuse of gauges near zero pressuee i
not recommended because the acou-
racy {olerance may be a large percord

age of the a Blﬁied ressurg. [ for
example, a()/? i Grade B pavgpe s
used o measure 6 psi, the accyracy of
measurcment will be 4/~ 3 psi, ag 2 f
50%: of the applied pressure. Ju adilt

tion, the scale of a auf:,c i often fuil
oul with takey wgf\kn can resull in
fuetlier innconracies when measuring
sressures tat are a seadl percentage o

€ pauge span.

For the same reasons, gauges should
not be used For the purpose of indicat-
ing that the pressure in a fank, auto-
clave, or other similur unil has been
completely exhausted to atmospheric
pressure. ‘Depending ou the accuracy
and the span of the giuge and the
possibility that takeup 1% incorporated
atthe beginning of the scale, hazardous
pressure may remain in the tank even
though the gauge is indicating zero
pressure, A venting device must be
used to completely reduce the pressure
before unlocking Govers, removing fii-
tings, or performing other similar ac-
tivities.

4,33 Compatibifity With the Pressure
Mediom .
The elastic element i geacrslly  thin
walled member, which of necessity
operates under high stress condition:
and must; therefore, be carefully se-
lected for compgmblllty with the pres-
surepedium being measured. None of
the common element materials is im-
pervious_to every_t}({_;e of chemical
attack, The potexitial Tor corrosive at-
tack is established hgammy factors,
including the concentration, te:;:\CFera—
ture, andcontamination of the medum.
The user should mform the gauge sup-
g}ier of the installation conditions s0
at the appropriate element materials

(Broerpts from ASMI! 1140.1-1991 continue on back)




can be selected.

4.3.4 In addition to the factors discussed above, the capability of a pressure
element is influenced by the design, materials, and fabrication .of the joints
i § Mofhods of ining ft soldering, silver brazi d weldin,

. oMl me of jo are soft soldering, silver brazing, and we .
Joints can be affected Bly temperature, stress, gnd corrosive %n ia. Whexge
Ell:pllcauon questions arisz, these factors should be considered and discussed by

e user and manufacturer.

4.3.5 Some special applications rcgujre that the pressure element assembly have
a high degree of leakage integrity. })ecialamm ement should be made between
manufactirer and user to assure that the allowable leakage rate is not exceeded.

4.3.6 Cases

4.3.6.1 Cas:aSolid Front, itis generally accepted that a solid front case per para,
3.3.1 will reduce the %ossﬂ'{lhty of parts being projected forward in the event of
elastic element assembly failure. An exceplion is explosive failure of the elastic
element assembly.

4.3.6.2 Cases, Liquid Filled. It has been gencral practics fo use glycerine or
silicone filling liquids. However, these fuids may not be suitable for all
ap?hcauqns, ey should be avoided where strong oxidizing agents inclading,
but not limited to, oxygen, chlorine, nitric acid, and hydrogen peroxide are
involved. In the presence of oxidizing agents, potential huar% can result from
chemical reaction, ignition, or explosion. Completely fluorinated or chlorinated
fluids or both, may be more suitable for such applications.

The user shall furnish detailed information relative to the application of
E;wge; Ea::mg Tiquid filled cases and solicit the advice of the gauge supplier prior

installation.

Consideration should also be given lo the instantaneous hydraulic effect that
may be created by one of the modes of failure outlined inpara 4.2.7. Thehydraulic
efiect due 1o pressure element failure could causc the window to be projected
forward even when u case having a solid front is employed.

4.3.7 Restrictor, Placing a restrictor between the pressure connection and the
elastic element will notreduce the immediate e ffect onailure, bt will help control
ﬂf&}w gf escaping fluid followmg rupture and reduce the potential of secondary
effects.

4.3.8 Specilic Service Conditions

4.3.8.1 Specific applications for pressure gauges exist where hazards are known.
In many instances, requirements for design, construction, and use of gauges for
these applications are specified by state or federal agencies or Underwriters

Laboratories, Inc. Some of thesespecific service gaugesare lisled below, The Hist
is not intended to include all types, and the user should always advise the rupplier
of all application details.

4.3.8.2 Acetylene Gauge. A gauge designed to indicate acetylene presswe, It
shall be constructed using materials that sre compatible with commercially
mhble acetylene. The gauge may bear the inscripion ACETYLENE on the

4.3.8.3 Ammonia Gauge. A %‘auﬁe designed Lo indicate ammonta pressure wd
to withstand the corrosive effects of ammonia. The gauge may bear the inscriplion
AMMONIA on the disl. It may also include the equivalent saturation temperature
scale markings on the dial,

4.3.8.4 Chemical un(lj?e. A gauge designed to indicate the pressure of corrosive

or high viscosity {luids, or both. The primary matenial(s) in contact with the

ressure medium may be identified on the dial. Fimay be equipped with a chemical

diaphragm} seal, pulsation d T, OF pressure reﬂef de¥ice, or a combination.

devices hei}i Lo minimize potenmfdama e (o personnel and property in the

ev%:g tgf gauge failure. They may, however, also reduce accuracy or sensitivity,
or .

4.3.8.5 Oxygen Gauge. A gauge designed to indicate oxypgen pressure. Clean-
liness shallcompty with Level IV (sce Section 5), The dial sﬁnll e clearly marked -

with a universal symbol andfor 11SE NO O in red color {see paes. 6.1.2.1).

4.4 Reuse of Pressure Gauges
It is not recommended pressure gauges be moved from one application lo
another. Should jt be necessary, however, the following must be considercd.

4.4.1 Chemical Compatibility. The consequences of incompatibitity can range
from contamination to explosive failure. For example, moving an oil service
gange 1o oxygen service can result in explosive faiture.

4.4.2 Partial Fatigue, The first installation may involve pressure pulsation that
has sﬁqu_mdcd most of the gauge life, resulting in early fatigue in the secoid
nistallation,

4.4.3 Corrosion. Corrosion of the pressure element assembly in the first
installation may be sufficient to cause early failure in the second mstallation.

4.4.4 Other Considerations. When reusing a gauge, abl puidelines covered i this
Standard relative to application of gapcs should B followed in the same manner
as when a new gauge 1s selected. .

In addition to the ASME B406.1-1991 standard, the following additional insiructions and warnings should be reid and understood before asing this product.

A very important aspect of selecting and instaltin, ssure pavges is the consideration
of lhwc'f{mzar_ds that wpiﬁc:esult in the event the uggept'l:ils. ']‘ﬁgn %rnary causes of falure
are misapplication andfor abuse of the gauge. people who are fesponsible for the
selection and installation of tl!:n't:t;zmﬂ’. gauges must recognize conditions which will
adversely affect the ability of the: gauggtn_pe’rfonn its function or which will fead to carly
failure. “These conditions may fen be discussed with the manufacturer to obtain their
recornmendations.
Failure may constitute:

1. Loss of accurncy. . \

2. Clogging of the pressure port, or damage to the internal mechanism so that
there s gither: 5 .
a. no indication when pressure is applied or . .
b. there is an indication of pressure even mough none is applied.

3. Aleak in the pressure containing panis of joind

4. A orack or fatigue failure of the bourdon

3. Bursting of the bourdon due to severc overpressure,

6. An explosion within the system due to a chierpical reaction of the pressure
mexdium with cmumnnmﬂ causing the bourdon io explode,

‘Whenspecifying, using orinstalling a pressure gauge, the following factors mustbe given
attention: .

1. Operating Pressure

Do nat continuously operate the gauge at more than 75% of the span. Bourdon tubes are
necessari] hﬁy stressed, wpocigl%v inranges over 1000 psi and continuous operation
at full tesult in early fatigie failure and subsequend mpture.

2. Maierials
Be cextain the materials of the pressure containing portions of the eare tible
with the gessunzed medivm.” Gauges are corp%nozﬂy made o&%ﬁu al]:g:s %grm,
bronze, & 'gjgnd ay be subject to stress corrosion or chemical 3 have
relatively thin walls, and the accu:ac{vh of the indication is directly affected by any
reduction in the wall thickness. Use of the same material for the bourton as used for the
or associated 1s not necessarily good practice. A mnaterial having a corrosion
rate of .001"/year toay be suitable for the piping, bui will be entirely unsaitable for a
bourdon haviilg a wall thickness of, for cxample, 008 inches. It is iinperative that the
proper bourdon material be selected for e service on witich the pauges used. Gauges
specially constructed for corrosion service are available.

3. Cyclic Pressure and Vibration . ) . .
Continuous, rapid pomnter motion will result in excessive wear of the interna] mechanism
and cause I%ro& errors in the pressure indicated and possibly early fatigue fatlure of the
bourdon. Ifthe pomter motion is due tomechanical vibration, the gauge rust be remotel:
mouttted on a non-vibrating surface and connected 1o the 3 by flexible wbing, If
the pointer motion is due 10 ressure pulsations, a snitabie r st be used between
the pressure source and the gauge.

4. Fatigue

As wi.thgan spring, the bourdon will fai] after extended use and release the lprt:sm.n-i.md
medium. The larger the number of applied pressare cycles and the greater the extent of
the pressure cycle, the earlier failure will occur. The fatigue failure may be explosive.
Sincesuch afailure will be hazardous to personne} o property, precautions must be taken
1o contaim or the release of the pressurized medium in a safe manner,

5. Frequency of Acceracy Kvabiatlon

Where the pressure ineasurenient is eritical and g:mf;_c failure or gioms inaccuracy will
resull in hazard fo personoe] or ]g)mpcny. the gauge should ba chm&md for accurncy and
proper operalion on a periodic Dagss,

6. Use with Oxygen o "
Gauges used for measurement of o¢ygen pressure reust be free of contamination witlin
Wrs mnlmmn% 1ponwu:;. arious levels of cleantiness are in ANSI
.1. The gauge fiself and the equipment to which the gauge is hed {pressure
regulators, cyli ,etc.)nmstbekcp?c]eapmasnnlmcmtammtelhe anpe, Filters
on the equipment must be examined peripdically and cleaned or repl sudden
in-rush of a high pressure gas will momentarily creale a very high ature witicl) in
e presence of oxygen ay ignite the coitaminant cabsing a violent explosion.
Therefore, when the valve on (e axygen supply tank is opened, to admit axygen to
the regulator, the valve sheald be o?_ened wery slowly so as to allow ihe pre|sure fo
build up slow’ly. In oxder o accomplish this it is recoinmended that the tink valve e
ed momentarily and then closed snugly but not oxcessively bofore attachiiyg e
regulator. This wi]gnot only blow out accutimlated it in the valve, bt will alua place
thé valve in a condition thit will perit &l to ba o&?mtl alowly rather thian suddenly
breaking loose as aresult of being closed too tightly. When bloedin l!mnx¥genmnkpn0t
to anacﬁin the regulator, be certain the valve opening is du-cclu!i away from any open
flame and the operator. When opening the oxygen tank vidve, the sperator st pot
stand in front of or behind the 5;“ ¢ and must wear cyo s Face protection. In this
Fosition if there i an explosion due lo contaminated cqm[ammt iy particles projected
rom the gauge will not be propelled directly at the operalor.

7- Use with Hydrogen .

Stee] bourdons inclading 400 seriss stainless steel are quhilml i hydrogen embrittlement
when sitesiel. Measurtinent of gas or liquicds contiining, Iiycdeogén (wilch as natural pas,
screr o1t} require she use of spocial materaaks for the bourdon,

B. Vemting of Case .

Yents provided in the pressure Eaugc case {clearance around pressureconnection, rubber
.ﬁommcts pressure relief back, ete.} must pot be closed or restricted from operating.
There is a‘ways the [posslb_ultty_ 1hat the pressure medium will be admitted to the case
nterior as a result ol a leaking joing or bousdon wbe failure. If this acours, the pressure
tedivin must be vented fromthe case so as not Lo build up safficient pressure lo yuplure
the casc or window. However, venting will not prevent case rupture i the event of o

violent cxplosion,

$. Lijquid Villed Gavges ) L ) .

Perforinance of pressure gauges used w1 sovere vibiration or pulsaling pressare service,
cap'be ingproved by filling the gllllt?: casie witl a viscous (uid, Gauges constrocted in thic
manner neosssarily require scibed cases to prevent the escape of the liquid. However
some means of veiting the case ynust be provided, In some instances venl is peales
to prevent Joss of fluid during shipreeot, and must be released after the gaupe is installed.
Be certain to Tollow the installation instructions for properly venting the: gaoge after
installation. The liquid filling most cotnmonly used is & mixtfure of glyeerin and water,

Glycerin can combine with strang oxjdizing agents including (bt not linited to)
chlorine, nitric acid snd hydrogen peroxide, and resuit In an explosion which can
cause property dnmﬁﬁe anj personak inury. ll!'gal:ges are (o hewsed in such service,
do not use glycerin filled gauges; consalt the factory for proper filling medium.

WARNI N G—-Misuse of this product may cause explosion and personal injury. Do not use without first reading and understanding
these instructions and the apparatus installation and operating instructions.

Important-—- Read other side for additional instructions and warnings. Forn w1421




