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FOREWORD

ASME Standards Committee B40 is comprised of a group of volunteers representing pressure
gauge users, manufacturers, governmental agencies, testing laboratories, and other standards-

producing bodies. All are convinced that national standards such as this serve not only to provide
product performance and configuration guidelines but also to inform and assist both those who
specify and the users regarding the science of pressure gauge production, application, and use:
The standards are vehicles by which the Committee as a body can transmit to users the benefits
of their combined knowledge and experience as regards the proper and safe use of pfessure
gauges.

The use of this Standard is entirely voluntary and shall in no way preclude the miantifacturer
or use of products that do not conform. Neither ASME nor the B40 Committee assumesresponsibil-
ity for the effects of observance or nonobservance of recommendations made h€rein.

The 2005 edition, which was approved on September 19, 2005, was‘issued to include
Nonmandatory Appendix C on Supplemental Requirements to B40.1, B40.2/B40.5, and B40.6.

This revision was issued to clarify wording in the B40.1 body‘document as well as in
Nonmandatory Appendix C, now designated as Mandatory Appendix III. Nonmandatory
Appendix A was also rewritten to include new gauge performange-Criteria, and it was designated
as Mandatory Appendix I. Nonmandatory Appendix B was desighated as Mandatory Appendix II.

This edition of the Standard was approved by the B40 Standards Committee on June 18, 2013
and approved as an American National Standard by the American National Standards Institute
on October 14, 2013.
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CORRESPONDENCE WITH THE B40 COMMITTEE

General. ASME standards are developed and maintained with the intent to represent the
consensus of concerned interests. As such, users of this Standard may interact with the Committee

by proposing revisions, and attending Committee meetings. Correspondence should be
addressed to:

Secretary, B40 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes
that appear necessary or desirable, as demonstrated by the experience gained fromi the application
of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Sueh-proposals should be
as specific as possible, citing the paragraph number(s), the proposedxwording, and a detailed
description of the reasons for the proposal, including any pertinent decumentation.

Attending Committee Meetings. The B40 Standards Committeetegularly holds meetings, which
are open to the public. Persons wishing to attend any meeting should contact the Secretary of
the B40 Standards Committee.
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PREFACE

ORGANIZATION OF THIS DOCUMENT

This Standard compiles the following standards.

Standard

Title

ASME B40.1
ASME B40.2
ASME B40.5
ASME B40.6
ASME B40.7

Gauges: Pressure Indicating Dial Type — Elastic Element
Diaphragm Seals

Snubbers

Pressure Limiter Valves

Gauges: Pressure Digital Indicating
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GAUGES: PRESSURE INDICATING DIAL TYPE —
ELASTIC ELEMENT

m

This $tandard (B40.1) is confined to analog, dial-type
gauges | which, utilizing elastic elements, mechanically
sense pressure and indicate it by means of a pointer
moving| over a graduated scale.

This $tandard does not include gauges of special con-
figuratipn designed for specific applications, edge read-
ing, degdweight or piston gages, or any other gauges
img an elastic element to sense pressure.

2 PRHESSURE GAUGES, GENERAL

2.1 Prgssure Terms
See Hig. 1.

2.2 Prgssure Gauge Components
See Hig. 2.

2.3 Pr¢ssure Gauge Terminology
absolute|pressure: see pressure, absolute.
absolute|pressure gauge: see gauge, absolute pressure.

accuracy: the conformity of a gauge indication” o an
acceptefl standard or true value. Accuracy isthe differ-
ence (erfor) between the true value and the gatuge indica-
tion expressed as a percent of the gauge\span. It is the
combingd effects of method, observer,)apparatus, and
enviroriment. Accuracy error includes hysteresis and
repeatapility errors, but not friction error. It is deter-
mined finder specific conditions (see Table 1).

accuracy, reference: the aceurdcy of a gauge under refer-
ence coditions [normal‘position at 20°C + 1°C (approxi-
mately| 68°F + 2°F)_and 101.32 kPa (29.92 in. Hg)
barome}ric pressure].

adjustment, pointer indication: a means of causing a
change [ndridication. The change is approximately equal
over theéntire scale Sc a S C is C
adjustment are adjustable pointers, rotatable dials, rotat-
able movements, and other similar items. This adjust-
ment, if provided, is generally accessible to the gauge
user (see para. 3.3.4).

adjustment, span: a means of causing a change in the
angle of pointer rotation for a given change in pressure.
This adjustment is not generally accessible to the
gauge user.

ambient pressure: see pressure, ambient.

b a MetTic pressure unit equal to approximately

14.50 psi (see paras. 3.3.2.1 and 7.2).

bellows: a thin walled, convoluted elastic\pressire-
sensing element (see Fig. 3).

bezel: see ring.

Bourdon tube: a tubular elastic pressure-sensing elemlent.
May have “C,” helical, spiral, orther form (see Figl 3).

brazing: a metal joining process wherein coalescende is
produced by use of nonferrous filler metal having a
melting point above 425°C (800°F), but lower than that
of the base metals joined.

calibration: the process of graduating the pressure scale or
adjusting themechanism to cause the gauge to indigate
within specified accuracy limits.

calibratioir verification: the checking of a gauge by cpm-
partisor with a given standard to determine the indjica-
tion'error at specified points of the scale.

case: the housing or container that supports, protgcts,
and surrounds the internals.

case, liquid filled: a case that is filled with a liquid such
as glycerin or silicone fluid to at least 75% of its tptal
internal volume. Liquid-filled cases may be either open
front or solid front types. The purpose of this constfuc-
tion is to exclude ambient corrosives or protect the infter-
nals from damage caused by severe vibration or
pulsation.

case, open front with case pressure relief: a case wit
pressure relief device or openings and no partifion
between the pressure element and the window [see
Fig. 4, illustration (a)]. An alternate construction fs a
plastic window especially designed to relieve intefnal
case pressure.

illustration (a)].

case, pressure tight: a case capable of maintaining a pres-
sure differential between the inside and the outside of
the case.

case ring: see ring.

case, sealed: a case that is sealed to exclude ambient corro-
sives.

case, size: see size, gauge.


https://asmenormdoc.com/api2/?name=ASME B40.100 2013.pdf

ASME B40.100-2013 (B40.1)

Fig. 1 Basic Pressure Terms

Pressure A
A
Differential
Positive pressure
pressure
Pressure B
Absolut Ambient pressure (zero gauge pressure)
solute
pressure
Negative
pressure
(vacuum)

/ Zero absolute pressure
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Fig. 2 Pressure Gauge Components (C-Type Bourdon Illustrated)

0 Bourdon tube

Case

connection

Pressure Element
Assembly Detail

~«— Scale
(graduations)

Pressure Element
Assembly

Dial

Stop pin
Pointer

Window

Ring
Assembly Pressure Gauge
(Typical)

GENERAL NOTE: The above diagrams are schematic and not intended to show design details.
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Table 1 Accuracy Grades/Classes

Permissible Error Minimum
(+ Percent of Span) (Excluding Friction) Recomniended
Acduracy Maximum Friction Gauge|Size
Gfade  Lower Y, of Scale Middle Y of Scale Upper Y, ofcScdle  (Percent of Span) (270 deg Pial Arc)

4A < 0.1 5 [Note (1)] 8l/

3A < 0.25 > 0.25 41/,

2A < 0.5 > 0.5 2l

1A < 1.0 > 1.0 115

A 2.0 1.0 2.0 1.0 1L

B 3.0 2.0 3.0 2.0 115

C 4.0 3.0 4.0 3.0 115

D 5.0 5.0 5.0 3.0 115

Accuracy. Classes (EN 837-1)

Claps Lower ¥, Scale Middle, %; of Scale Upper Y, of Scale Maximunj Friction
0.1 < +0.10% > 0.1p%
0.25 < +0.25% > 0.2p%
0.4 < +0.60% > 0.6p%
1.4 < +1.00% > 1.0p%
1.6 < +1.60% > 1.6p%
2.5 < +2.50% > 2.5p%
4 < +4.00% > 4.0p%

GEINERAL NOTE:

NO
@

[E:

Light tapping of the gauge case is permissible at each pressure reading.

Grade 4A gauges must remain within specified tolerance before and after being lightly tapped.
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Fig. 3 Elastic Elements
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GENERAL NOTE:
design detail.

The above diagrams of various types of elastic elements used in pressure gauges are schematic and not intended to show
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Fig. 4 Cases
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case, solid front with pressure relief back: a case having a
partition with minimum opening(s) between the pres-
sure element and the window, and a pressure-relieving
back. The partition may be an integral part of the case
[see Fig. 4, illustration (b)].

column, liquid: see liquid column.

compound gauge: see gauge, compound.

conditio 4s e yyonuaental: the canditions external to-the

Fig. 5 Example of Dual Scale Dial

gauge, fincluding weather, temperature, humidity, salt
spray, vjbration, corrosive atmosphere, and other similar
conditipns that could affect the performance of the
gauge.
conditiofis, extreme operating: the limits of the environ-
mental fonditions within which the instrument may be

operated. Under these conditions, the stated accuracy
does ngt necessarily apply.

conditiops, normal operating: the environmental condi-
tions inf which the stated accuracy applies.

correctidn: the quantity that is algebraically added to an
indicatgd value to obtain the true value. The algebraic
sign of the correction is opposite to the sign of the error.

corrosiof failure: see failure, corrosion.

creep: alprogressive change in indication with constant
applied|pressure, under the same environmental condi-
tions. It|is usually expressed as a percentage of span per
unit of fime.

crystal: pee window.

dead wdight tester: a pressure-testing device by which
very adcurate known pressures can be generatéd by
means ¢f a pressure source and a piston gage!

dial: tle component that contains.the scale and
nomendlature.

dial, dudl scale: a dial indicating pressure in terms of two
different units of measure, on~Cencentric arcs, such as
kg/cm? and psi. One exarfipté of the many different
types i} common use isdllustrated in Fig. 5.

dial grafluations: thesidividual division marks of the
scale thpt indicate-pressure magnitude.

dial, mifror: a_dial’with a reflector band adjacent to the
scale fof thepurpose of reducing reading-parallax errors.

dial nomenclature: see nomenclature, dial.

more capsules to proyide appropriate displacement [see
Fig. 3).

differential gauges 'see gauge, differential.
differential préssure: see pressure, differential.
duplex gauge: see gauge, duplex.
elasti¢zelement: see element, elastic.

element, elastic: the elastic component of the presgure
element assembly that moves in response to presgure
changes. It may be a Bourdon tube, bellows, diaphragm,
or other type of member (see Fig. 3).

element assembly, pressure: the assembly, including|the
elastic element, that converts a pressure change |nto
motion. It may also include a stem, tip, restrictor, pnd
other components (see Fig. 2).

environmental conditions: see conditions, environmentd|l.

error: the difference between the indicated value and|the
true value of the variable being measured. A positive
error denotes that the indicated value is greater than
the true value (see also correction).

error, fatigue: the change of pressure indication that
results from repeated applications of stress (presgure
cycles). Itis expressed as a percentage of span, numbgr of
cycles, and minimum and maximum values of presgure
cycles.

diaphragm: an elastic element in the form of a single flat
or convoluted plate that deforms to provide displace-
ment in response to a change in pressure differential
across the plate (see Fig. 3).

diaphragm capsule: an elastic element comprised of two
convoluted diaphragm plates jointed to form a capsule
or pressure container that expands and contracts in
response to a change in pressure differential across the
plates. Diaphragm capsule elements may have one or

error—fricton—thedifference betweenindieatedreadings
before and after the gauge has been lightly tapped.
error, hysteresis: the difference between increasing pres-
sure and decreasing pressure readings at any point on
the scale obtained during a pressure cycle after friction
errors have been eliminated by tapping (see para. 6.2.4.3
and Fig. 10).

error, offset: the error exhibited when the elastic element
is unpressurized. It is expressed as a percentage of span
(see Fig. 10).
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error, position: the change of pressure indication that
results when the gauge is placed in a position different
from that in which it was calibrated.

error, span: the error exhibited when the input is at maxi-
mum scale pressure minus the error exhibited when the
input is at minimum scale pressure. It is expressed as a
percentage of span.

error, temperature: the change of pressure indication that

gauge, differential: a gauge having two pressure connec-
tions and a pointer, which indicates the difference
between two applied pressures.

gauge, duplex: a gauge having two pressure connections
and two pointers, which indicate two applied pressures
simultaneously.

gauge, flush mounted: a gauge provided with supporting
means on the case so that it may be set through a hole

restilts when the gauge components are at a temperature
different from the temperature at which they were
caliprated.

explosive failure: see failure, explosive.
extfeme operating conditions: see conditions, extreme
opetating

failtire, corrosion: elastic element failure resulting from
corfrosive chemical attack on the element walls (see
parp. 4.2.7.3).

faillre, explosive: elastic element failure caused by the
reldase of explosive energy generated by a chemical reac-
tion inside the element (see para. 4.2.7.4).

faillire, fatigue: elastic element failure resulting from
repgated applications of stress (see para. 4.2.7.1).

faillire, overpressure: elastic element failure caused by the
application of internal pressure (positive or negative) in
exdess of the rated pressure of the element (see
parp. 4.2.7.2).

failyre, overtemperature: failure as a result of contintous
exposure to high ambient temperature.

failire, thermal shock: failure as a result of repeated, rapid
explosure to ambient temperature extremes:

fatigue failure: see failure, fatigue.

fibel: any nonmetallic, flexible, threadlike contaminant
with a length-to-diameter rati¢ of at least 10.

flush mounted: see gauge, flush)mounted.
friction error: see error, ffiction.

friction ring: see ring,friction.

ft HO: see para. 3.3.2.1.

full|scale pressure: see pressure, full scale.

gagp, pistons*a device that indicates the presence of a
prefetermined pressure by means of weights loaded on

in a panel. When installed, the dial is approXimately
flush with the panel (see Fig. 6).

gauge, hydraulic: a gauge designed to indicate the pres-
sure developed in hydraulic systems=Itmay be equipped
with a protective means to prevent'damage to the inter-
nals in the event of a suddenpressure release.

gauge, liquid filled: a gaugein which the case [is filled
with a liquid (see case, diquid filled).

gauge, liquid level: a gauge with a dial graduated|in units
of head heights, stich as feet (meters) of water.

gauge, oxygen: see para. 4.3.8.5.

gauge, pressure: a device that senses and indicates pres-
sure usig ambient pressure as datum.

gmige)receiver: a gauge designed to indicate the output
signal from a pneumatic transmitter. It is calibpated in
terms of the transmitter output. The dial may be[gradua-
ted in units of pressure, temperature, flow, or other mea-
surements corresponding to the transmitter input.

gauge, refrigerant: a gauge with a dial graduated|in units
of pressure and equivalent saturation temperature for
refrigerant(s) other than ammonia.

gauge, retard: a gauge having a scale that is confpressed
at one or both ends (see para. 3.4.1.6). One example of
the many different types in common use is slhown in
Fig. 7.

gauge, single: a gauge having one pressure connection
and one pointer, which indicates one applied gressure.

gauge, specific service: a gauge designed for a |specific
service, such as indicating the pressure of explosive,
corrosive, or viscous media (see para. 4.3.8).

gauge, stem (socket) mounted: a gauge suppofrted by
attachment at the stem (socket) pressure connection (see
Fig. 6).

an bffectivze area such as a ﬂnnh'ng picfnn oraball (cnn

para. 6.1.1.2).

gauge, absolute pressure: a gauge that indicates absolute
pressure (see para. 3.4.1.12).

gauge, acetylene: see para. 4.3.8.2.
gauge, ammonia: see para. 4.3.8.3.
gauge, chemical: see para. 4.3.8.4.

gauge, compound: a gauge that indicates both positive
and negative gauge pressure (see para. 3.4.1.8).

gauge, suppressed scale: a gauge having a scale that starts
at some value appreciably above zero (see para. 3.4.1.7).
One example of the many different types in common
use is shown in Fig. 8.

gauge, surface (wall) mounted: a gauge whose case can be
mounted to a wall or flat surface (see Fig. 6).

gauge, temperature compensated: a gauge that is compen-
sated to reduce errors caused by operation at ambient
temperatures other than that at which it was calibrated.
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Fig. 6 Cases/Mounting

Wall or
panel N
~— Mounting
/\\ screws (3) \
- /7
I Center back /
- -+~ connection %
T 7
L _J- Lower back /
_J connection %
Bottom /
connection i
Stem Mounted %
(Typical Connection Configuration) 1 %
Surface Mounted
(Back Flange Type)
[+ Panel |4 < Panel <— Panel
3) 4 1‘/ V-Clame ~——— Mounting
screws (B)
3““ Hinged J
ring
p - T
@ L
/] Ring / %
~«—=Mounting -; Clamp nuts locking [|~<~—— Panel
bolts (3)
% knob j
Flush Mounted Flush Mounted Panel Mounted
(Front Flange) (U-Clamp) (Hinged Ring Type)

GENERAL NOTES:

(@) These diagrams are schematic and not intended to show design details.

(b) Surface- and flush-mounted cases may also be stem mounted.

10
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Fig. 7 Example of Retard Gauge

liquid column: a pressure measuring device employing
a column and reservoir of liquid (oil, water, mercury, or
other liquid). Pressure indicated by the height of the
liquid column, measured at the meniscus.

liquid-filled case: see case, liquid filled.
liquid-filled gauge: see gauge, liquid filled.

liquid level gauge: see gauge, liquid level.

ACNAL DT 1

GENERAL NOTE: Scale shown is retarded from 10 to 30.

Fig. 8 Example of Suppressed Scale Gauge

GENERAL NOTE: Scale shown is suppressed from 0 to 50.

gauge, test: a gauge used to check the accuracy of other
gayges or pressure-actuated devices. The test gauge has
an pccuracy significantly better than the device-being
tesfed.

gaulge, vacuum: a gauge that indicates negative gauge
prepsure (vacuum).

grafluations, dial: see dial, graduations.
grofnmet: see plug, pressure relief:
H,D: water.

Hgl mercury.

hydyaulic gauge: see gauge, hydraulic.
hysteresis error: see‘error, hysteresis.
in. H,O: see para. 3.3.2.1.

in. Hg: see\pdra. 3.3.2.1.

intdrnal sfop: see stop, internal.

b o2 D A4
manomerer.—SCe 7xoIvVIL I I T I 7.Z, I 1essttreIviens ement.
medium: the process fluid (gas or liquid).
mirror, dial: see dial, mirror.

mounting: the means by which the gauge is insfalled or
supported.

mounting, flush: see gauge, flush.mounted.
mounting, gauge: see mounting.
mounting, stem socket:see gauge, stem (socket) munted.
mounting, surface (wall): see gauge, surface (wall) frounted.

movement: the gauge component that converts pressure
element motion to rotary pointer motion.

NBS: National Bureau of Standards (see NIST)
negative. pressure (vacuum): see pressure, negative

NIST: National Institute of Standards and Technology
(formerly NBS).

nomenclature, dial: may include, but is not restrjcted to,
the following:
(a) materials of wetted parts
(b) restricted application notices such as USE NO OIL
(c) presence of special features such as an intefnal stop

normal operating conditions: see conditions,|normal
operating.

NPT: American Standard taper pipe threads. Defined
by ASME B1.20.1, Pipe Threads (Except Dryseal)

operating pressure: see pressure, operating.

overpressure: the application of a pressure beypnd the
full scale pressure.

overpressure failure: see failure, overpressure
Pa: see para. 3.3.2.1.
particle: any solid contaminant other than fiber.

pascal: see para. 3.3.2.1.

kg/ T See para- 3321
kPa: see para. 3.3.2.1.
lens: see window.

life, fatigue: the number of pressure cycles beyond which
leakage of the pressure element assembly may occur.
Accuracy may be degraded even if leakage has not
occurred (see error, fatigue).

link: the component that connects the elastic element to
the movement.

wicto o . ae—wicto
pistoH-gHgeseeSAgePistor
plug, pressure relief: a plug inserted in the gauge case
wall that, in the event of an element leak, vents, minimiz-
ing case pressure buildup.

pointer: the component that, in conjunction with the dial,
indicates pressure.

pointer adjustment: see adjustment, pointer.
position error: see error, position.

positive pressure: see pressure, positive.
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pressure, absolute: a pressure using zero absolute pressure
as datum (see Fig. 1).

pressure, ambient: the pressure surrounding the gauge,
usually atmospheric (barometric) pressure (see Fig. 1).

pressure, burst: see pressure, rupture.

pressure, differential: the difference between two pres-
sures (see Fig. 1).

that may affect readability include length of scale, gradu-
ation configuration and spacing, pointer design and
width, parallax, distance between observer and scale,
illumination, stability of pointer, pointer and scale col-
ors, and the liquid level line in liquid-filled gauges.

receiver gauge: see gauge, receiver.
refrigerant gauge: see gauge, refrigerant.

WO

1 1 1.1 Vﬂﬂﬂﬂfﬂh’l‘”"fﬂl' +]’1l3 mavimnm AiFFQT‘Qﬂf‘Q hﬂ+‘A7QQ1’\ S\
pressurerererieril. See eleMernt Ussenmoty, PTessure. T 7 - " - ” 71!
. ) . or more consecutive indications for the same applied
pressurel full scale: the highest numerically defined gradu-

ation ofh the unretarded portion of the scale.

pressure} gauge: a positive pressure (greater than ambient)
or negative pressure (less than ambient) using ambient
pressurg as datum (see Fig. 1).

pressure| gauge: see gauge, pressute.

pressur
ambien
Fig. 1).

pressure} operating: the pressure at which a gauge is nor-
mally operated.

, negative (vacuum): gauge pressure less than
pressure using ambient pressure as datum (see

pressure} positive: gauge pressure greater than ambient
pressurg (see Fig. 1).

pressure|
the pres

process: the pressure of the process medium at
sure connection of the sockets.

pressure} proof: the maximum pressure a gauge can with-
stand without plastic deformation of the pressure ele-
ment. Pfroof pressure may be a semidestructive test and
should hot be conducted repeatedly on the same gauge.
It may be expressed as a pressure or as a percentage of
full scale.

pressurg, rated: full scale pressure unless otherwise
specified.
pressure| relief plug: see plug, pressure-relief.

pressure} rupture: the maximum pressure above which the
pressurg element assembly may no longer hold pressure.

pressure| variable: pressuréithat increases or decreases,
or both} at a rate greater-than that allowed for steady
pressuie; may inclade high pressure, short duration

pressure under the same operating conditigns,
approaching from the same direction, afterlightly tap-
ping the gauge. It is usually expressed as.a percentage
of span.

resonance: resonance of a system-forced oscillation eyists
when any change, however small, in the frequency of
excitation causes a decreaseri the response of the pys-
tem. (A resonance may occur in an internal part of|the
gauge, with no outward manifestation.)

restrictor: the device-that restricts fluid flow between| the
pressure source@and the pressure element. It is useql to
reduce the effect of pressure fluctuations or to corjtrol
flow from a‘pressure element that has failed in seryice,
or both. It\may be integrally mounted or separate ffom
the gauge.

retdrd gauge: see gauge, retard.

#ing: the component that secures the window to the chse.
Ring configurations will vary for design and aesthetic
reasons.

ring, bayonet: see ring, cam.

ring, cam: a ring similar to the threaded ring except fhat

the threads are replaced by a cam arrangement.

ring, friction: a ring retained by means of an interfergnce
or friction fit between it and the case.

ring, hinged: a ring retained by a hinge-type device pnd

a single retaining screw.

ring, slip: a ring similar to the friction ring except
it has a clearance fit with the case and is secured
screws.

impulsgs (pressufespikes). ring, snap: a ring that snaps into a groove on the cqse.
psi: seepara.33.2.1. ring, threaded: a ring having threads that match thrqads
psia: se¢ parad 3.3.2.1. on the case.

psid: sec para. 3:3.2L scale: markings on the dial, consisting of graduations,

psig: psi (see para. 3.3.2.1).
pulsation: a periodic surge.
range: the high and low limits of the scale (including
retarded portions) expressed in the sequences and

units in which they occur. For example: 0/100 kPa,
200/500 psi, 30 in. Hg vac/30 psi.

readability: the uncertainty inherent in the observer’s
ability to determine the indicated pressure value. Factors

12

related numerals, and units of measure.
sealed case: see case, sealed.

shock (impact) resistance: the maximum deceleration a
gauge can withstand without damage or evidence of a
change in accuracy of more than a specified value. It is
expressed in g’s, time duration (10% to 90% of the lead-
ing edge of the shock pulse), and number of impacts.

significant surface: see surface, wetted.
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silver brazing: brazing using a nonferrous filler metal
containing silver.

single gauge: see gauge, single.
size, gauge: see Fig. 9.
slip ring: see ring, slip.

snap ring: see ring, snap.

socket: see stem.

soft|soldering: see soldering.

soldering (soft soldering): a metal-joining process wherein
coallescence is produced by heating to a suitable temper-
atufe and by using a nonferrous alloy fusible at tempera-
tures below 425°C (800°F) and having a melting point
belpw that of the base metals being joined.

spaf: the algebraic difference between the limits of the
untetarded portion of the scale.

() The span of a 0/100 kPa gauge is 100 kPa.

(b) The span of a suppressed scale gauge is the differ-
ende between the maximum and minimum scale pres-
surps. For example, the span of 200/500 psi gauge is
300 psi.

(¢) The span of a compound gauge is the algebraic djf
ferdnce between the limits of the vacuum and pressure
scales when both are expressed in the same units. For
exgmple, the span of 30 in. Hg vac (approximately
(=1p psi) to 30 psi pressure scale is 45 psi:

spap adjustment: see adjustment, span.

spah, compound gauge: see sparn.

spafi, suppressed scale: see span.

spegific service gauge: see gafige, specific service.

spile: a short duration/high amplitude sudden rise or
drop in system presstire!

spofitaneous exploside failure: see failure, explosive.
standard: see standard, calibration.

standard calibfation: a pressure instrument used to deter-
e theyaccuracy of a gauge (see ASME PTC 19.2).

standard, working: see ASME PTC 19.2.
steady pressure: see pressure, steady.

stem (socket): the main supporting component of the pres-
sure element assembly to which the elastic element is
attached. It may include the pressure connection and
mounting for the movement and case.

stop: the component that limits the motion of the pointer
(see stop, internal, and stop pin).

stop, internal: a stop designed to restrain the pressure
element motion by acting directly on it or on the move-
ment mechanism (see para. 3.3.7).

stop pin: the component on the dial that limits the angular
rotation of the pointer.

suppressed scale gauge: see gauge, suppressed scale.

surface (wall) mounted: see gauge, surface (wall) mounted.

sure media.
surge: a sudden rise or drop in system pressure.

takeup: the portion of the scale betfween the position
where the pointer is stopped and jits-true zero pressure
position.

temperature, ambient: the teniperature of the atmposphere
surrounding the gauge.

temperature error: see-crror, temperature.

temperature, process: the temperature of the process
medium at thepressure connection of the socket.

temperature, storage: the extremes of temperatufe (high
and low))that the gauge may be exposed to when it is
not pressurized.

test'gauge: see gauge, test.
threaded ring: see ring, threaded.
threaded window: see window, threaded.

tip: the motion or force transmitting component at the
free end of an elastic element.

torr: see para. 3.3.2.1.

traceability: documentation of the existence of a|calibra-
tion chain between an instrument and a grimary
standard.

transfer standard: see standard, transfer.
vacuum: see pressure, negative.

vacuum gauge: see gauge, VACUUM.
variable pressure: see pressure, variable.

vibration resistance: the maximum sinusoidal accgleration
a gauge can withstand without damage or evidlence of
a change in accuracy of more than a specified yalue. It
is expressed in g’s, or amplitude over a frequengy range
and time period.

eldina: me athakha¥edha !

welding:a a a scence is
produced by heating to suitable temperatures to melt
the base metals together, with or without the addition
of filler metal. If filler metal is used, it shall have a
melting point and composition approximately the same
as the base metal.

window: a transparent component that closes the front
of the case (see Fig. 2).

window, heat-treated glass: a window of specially heat-
treated (tempered) glass, which, when broken, will form
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Fig. 9 Recommended Case and Mounting Dimensions

Pressur

rag

conngction
Turn|ng

Outside dia.
\
of case
Mounting
| = bolt
D—_ iy '
> 120 d —
120 deg /(\\ < (1 W ﬂ
/ Panet-opening
dia. [Note (1)]
\t
N\ou‘\“"“gbo

dia-

Outside
dia. o
case

~
Three mounting bolt
clearance holes (case)

Stem-Mounted

Flush-/Surface-Mounted

\ Panel

Flush Mounted

Gauges Gauges
Flush/Surface Mounting Dimensions.
Mounting Bolt Mounting Bolt Panel\Opening Case Max. Outside
Circle Diameter Hole Diameter Diameter Diameter [Note (1)]
Gauge Size in. mm in. mm in. mm in. mm
1Y, 1.91 48.5 0.13 3.4 1.65 41.9 1.59 40.4
2 2.56 65.0 0.16 4.5 2.19 55.6 2.13 54.1
2Y, 3.13 79.5 0.16 4.5 2.81 71.4 2.75 69.9
3Y 4.25 108 0.22 5.6 3.81 96.8 3.75 95.3
4Y, 5.38 137 0.22 5.6 4.94 125 4.88 124
6 7.00 178 0.28 7.1 6.50 165 6.44 164
8Y, 9.63 245 0.28 7.1 9.00 229 8.94 227
12 13.50 343 0.28 7.1 12.62 321 12.56 319
16 17.00 432 0.28 7.1 16.50 419 16.44 418

The sizes listed above are equal to the approximate inside diameter of the case, in inches, at the dial. The EN case
sizes listed below define size as'thé outside diameter of the case. Because of this difference, gauges made to the inch-
based sizes may not be interchangeable with those made to the EN sizes, even though the nominal sizes may be very
close. For instance, the oufsidé diameter of a size 2% gauge may be as large as 70 mm, 7 mm larger than that of an

EN 63-mm gauge.

EN 837.1 Case Sizes

Mounting Bolt Circle

Case Outside Diameter

Diameter [Note (2)]

Gauge Size mm in. mm in.
40 51 2.01 40 1.57

50 60 2.36 50 1.97

63 75 2.95 63 2.48

80 95 3.74 80 3.15
100 118 4.65 100 3.94
150 168 6.61 150 5.91
160 178 7.01 160 6.30
250 276 10.87 250 9.84

GENERAL NOTE:

NOTES:
(1) Flush-mounted cases only.

(2) The reader should reference 1ISO 3/ANSI Z17.1-1973 for additional details.
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Contact supplier for actual mounting dimensions (panel openings, bolt circle diameter, etc.).
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into small, granular pieces, usually with no jagged
edges.

window, laminated glass: a window with two or more
sheets of glass held together by an intervening layer(s)
of clear plastic. When it is cracked or broken, the pieces
of glass tend to adhere to the plastic.

window, plain glass: a window of commercial single or

3.2.2 Negative Gauge Pressure. The following is a
list of negative gauge pressure.

in. Hg Vacuum kPa bar
30/0 -100/0 -1/0

3.2.3 Compound Pressure. The following is a list of
compound pressure:

doybiestrengtit ptate or sheet giass.

=.

wirldow, plastic: a window of transparent plastic.

=.

wirldow, threaded: window, generally made of plastic,
with integral threads that match threads on the case. No
sepprate ring is required.

_--

3 [GENERAL RECOMMENDATIONS

3.1| Gauge Sizes
See Fig. 9.

3.2| Typical Ranges

—d

lany ranges in addition to the ones listed in para.
3.2]1 are in common use.

B.2.1 Positive Gauge Pressure. The following is a
list|of positive gauge pressure:

in. Hg/psi kPa bar
30 in. Hg vac/15 psi -100/150 -1/1.
30 in. Hg vac/30 psi -100/300 “1/3
30 in. Hg vac/60 psi -100/500 —1/5
30 in. Hg vac/100 psi -100/900 -1/9
30 in. Hg vac/150 psi —-100/1 500 -1/15
30 in. Hg vac/300 psi -100/2 4Q0 -1/24
3.2.4 Receiver
psi kPRa bar
3/15 207100 0.2/1.0

3.3 Construction
3.3.1 Cases:'See Fig. 4.

3.3.L1 ‘General. Cases may be fabricated from
various{materials using various manufacturing pro-
cesses.\They may have solid fronts or open fropts, and
mayor may not employ various case pressufe relief
means. Specific applications may require design varia-
tions with respect to case construction. There should be
mutual agreement between user, supplier, or mjanufac-
turer, or some combination, regarding the applications
and the design variations.

3.3.1.2 Cases With Pressure Relief Means. For
gauges used to measure gas pressures of 400 psi
(2 800 kPa) and higher and liquid pressures of 1,000 psi
(7 000 kPa) and higher, cases with pressure relidf means
are recommended.

3.3.1.3 Solid Front With Pressure Relief Back. In

the event of failure of the elastic element within |ts rated
pressure range, the solid front (partition between the
pressure element and the window) and the pressure
relief back shall be designed to reduce the possipility of
window failure and projection of parts outward fhrough
the front of the gauge. The user should consult yith the
supplier regarding the degree of protection requjred (see
section 4).
Normal mounting of the gauge shall not prevent

in. H,O psi
0/1 0/3 0/300 0/6,000
0/1% 0/5 0/600 0/10,000
0/3 0/10 /800 0/15,000
0/6 0/15 0/1,000 0/20,000
0/100 0/30 0/1,500 0/30,000
0/200 0/60 0/2,000 0/40,000
0/300 0/100 0/3,000 0/60,000
0,/160 0/4,000 0/80,000
0/200 0/5,000 0/100,000
kPa
0/1 0710 0/100 0/1 000 0/10 000 0/100 000
0/1 0 1£ Al 1({\ Al 1 00 Al 1( 000 0 1((\ 000
0/25 0/25 0/250 0/2500 0/25 000 0/250 000
0/4 0/40 0/400 0/4 000 0/40 000 0/400 000
0/6 0/60 0/600 0/6 000 0/60 000 0/600 000
bar
0/0.01 0/0.10 0/1.0 0/10 0/100 0/1,000
0/0.016 0/0.16 0/1.6 0/16 0/160 0/1,600
0/0.025 0/0.25 0/2.5 0/25 0/250 0/2,500
0/0.04 0/0.40 0/4.0 0/40 0/400 0/4,000
0/0.06 0/0.60 0/6.0 0/60 0/600 0/6,000

rd . . £ 1 C
PTOPED TUTICUHOIIITE O UIE PITSSUTIT ICHICT ITIEdITS.

3.3.1.4 Open Front With Pressure Relief. In the
event of a slow leak of media through the elastic element,
the case pressure relief shall be sufficient to vent the
case pressure increase before window failure occurs. If
case pressure increases rapidly, however, the case pres-
sure relief device may not prevent parts from being
expelled.
Normal mounting of the gauge shall not prevent
proper function of the case pressure relief means.
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3.3.1.5 Mounting. Mounting holes or studs are  in. H;O inches of water 1 in. H,O (60°F) = 1 inch of
used for flush and surface-mounted gauges. They shall (60°F) (Ref. AGA Report  water at 60°F (15.6°C) and
be sized and located as shown in Fig. 9. #3) 980.665 cm/sec” gravity
(0.036092 psi)

3.3.2 Dials in. H,O inches of water 1in. H,O (4°C) = 1 inch of

3.3.2.1 Common Units (#°0) water at 4°C and

(a) Over the years, different classifications of units 980.665 cm/ sec” gravity
of measure have been used. Many of the older units, . (0'0.3 G%ZZ psi)

oz/in. ounces per square 1 o0z/in.” = 1 ounce force
although not presently off1c1ally recogmzed by standard inch per square inch
settmg bodtes, are stittim Wlut'bpu;'du Tse ardtare there= psi pounds per square 1 psi = 1 pound force ppr
fore incJuded in this Standard for the purpose of defini- inch square inch gauge prep-
tion. THe three basic classifications are as follows: sure
(1)] SI (Le Systeme International d’Uniteés). These  psia pounds per square 1 psia = 1 poungforce per
units are recognized by the CIPM (Comité International inch absolute square ipch gbsolute gres-
des Poifls et Mesures). ) sure
(2) | MKSA (meter, kilogram-force, second, ampere). The psid pollrllﬁs dﬁ)gzrseil:;rle ! I:;Sld - p; 3‘}? force per
. . ¢ . quare inch differentiall
former [metric units, which are being replaced by the Sessure
3 ur(lgt)s.customary (inch, pound-force, second, ampere). . 3:3.2.2‘ Dial Informa.tion. Dials shall indicate|the
Custon|ary units are used primarily in English-speaking ~ Units in which the scaleds graduated.
countri¢s and are being replaced in most countries by Dual scale dials are useftl where gauges are employed
SI unitd. on equipment that may be used internationally, or where
(b) For conversion factors, see para. 7.2. users plan to congertfrom one unit of measure to another
(c) Dgfinitions of the various units are as follows: over a period<of) time.
g1 Each scale©On a dial with multiple scale shall indigate
Abbrevigtion Unit Definition the unitssint which it is graduated. One of the scples
bar bar 1 bar = 100 KPa (The bar is should be one of the typical ranges (see para. 3.2).
a unit outside the SI, Receiver gauge dials shall indicate the input presgure
which is nevertheless rec- gnge of the gauge.
ognized by CIPM.) Dials with a scale graduated in nonpressure unitg, or
kPa kilopascal 1 kPa = 1000 Pa a scale range different from the range of the presgure
ﬁ?)ﬁr millibar 1 } ﬁ?}ar:bf% 3) %%%?100 Ra element assembly, shall clearly indicate the maxinjum

a megapasca a = a s :

N/m? nefz {% rper square 1 N/m?=1Pa [;;ecs;ﬁlgfa’i}ilg; .may be applied to the gauge without foss

Pa pascal 1Pa=1N/m? The use of multipliers, such as X100, X1 000, pnd
%100 kPa, is discouraged because of potential misapjpli-
cation or misinterpretation.

MKSA All of the above scales indicate gauge pressure unfless
Abbrevigtion Unit Definition otherwise specified, except when psia, psid, or torr|are
kg/cm? kilograms per kg/cm?=1 kilogram force displayed. For all other scales, absolute or differential

square centimet€r) ™ per square centimeter pressures are indicated by adding the words ABSOLYTE
m H,0 meters of wateg 1m B0 = 1omete§ of or DIFFERENTIAL. Uppercase or lowercase letters|are
mmHg millimetele . n"ﬁfe;l;tis fé?gﬁlter of  Acceptable. When space does not permit, the abbreyia-
meped) mercury at 32°F (0°C) thl’l'ABS, D?FF, or AI? may be used.
torr torr 1 torr = 1.0 mm Hg abso- Dial markings may include manufacturer’s or custpm-
lute pressure er’s trademark, or both, and any other information
Custompry deemed appropriate for safety of specific service require-
Abbrevigtior Unit Definition ments (see para. 4.3.8).
ft H,0 feet of fresh water 1 ft H,O = 1 foot of water Numerals shall be sufficient in number to enable the

at 68°F (20°C) (0.4328 psi)
1 ft seawater = 0.4453 psi
(0.9877 ft H,0)

ft seawater feet of seawater

in. Hg inches of mercury 1 in. Hg = 1 inch of mer-
cury at 32°F (0°C)
(0.4911 psi)
in. H,O inches of water 1 in. H,O (20°C) = 1 inch of
(20°C) (Ref. ISA RP2.1) water at 20°C (68°F) and

980.665 cm/sec? gravity
(0.036063 psi)
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operator to accurately and quickly identify any pressure
on the scale. They shall not obscure or crowd gradua-
tions or important markings.

Numerals shall not extend beyond the calibrated por-
tion of the scale.

Negative (vacuum) values shall be indicated by pre-
ceding the appropriate numerals with a minus (-) or
clearly marking the dial with the words VAC or VAC-
UUM. Uppercase or lowercase letters are acceptable.
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Both signs and words should not appear on the same
scale.

The absence of a sign before a numeral indicates a
positive value except when accompanied by the words
VAC or VACUUM.

3.3.2.3 Scale Arcs. The recommended graduated
scale arc is 270 deg. Special applications and ranges may
require scale arcs greater or less than 270 deg.

(b) Surface mounted — bottom or back
(¢) Flush mounted — back

3.3.5.2 Type of Connection. Taper pipe connec-
tions for pressures up through 20,000 psi or 160 000 kPa
are usually % in. 27 NPT, ¥ in. 18 NPT, or % in. 14 NPT
American Standard external or internal taper pipe
threads per ASME B1.20.1 as required. Above this pres-
sure, Y, in. high pressure tubing connections, or equal,

3.3.2.4 Graduation Lines. Graduation lines shall
be fadial to the center of rotation of the pointer and
shalll project beyond the arc described by the end of the
pointer (mirror and multiple scale dials excepted). Major
and intermediate graduation lines shall be emphasized.
Grqduations shall not extend beyond the calibrated por-
tion of the scale.

Where possible, scale, numeral, and graduation incre-
mepts should follow the format: 1 x 10", 2 x 10", or
5 X| 10", where 1 is a whole positive or negative number
or fero.

If is desirable that the smallest graduation increment
shguld not exceed twice the error permitted (accuracy)
in fhe middle half of the scale.

3.3.2.5 Graduation Near Zero. On dials for Grades
4A pnd 3A gauges, there shall be no takeup. The number
and the spacing of the minor graduations near zero,
shalll be the same, commencing at the true zero, as in
the|rest of the scale. On dials for all other grades, take
up [may be incorporated. However, if it is incorporated;
it si\all be readily apparent at what pressure the gradua-
tions start. A zero graduation or numeral, or both; shall
not| be permitted at the stopped pointer. position on
gayges using a stop pin or internal stops,that prevent
fre¢ pointer motion to the actual zero pressure position.

8.3.3 Pointer

3.3.3.1 Length (All Grades).) The tip of the pointer
shall cover 10% to 90% of{the minor graduation. The
poipter may overlap the graduations.

3.3.3.2 Tip Width\(Grades 4A and 3A). The width
of the pointer tip.shall not be greater than the width of
the[minor graduation lines.

3.3.3.3 Pointer Rotation. The pointer shall rotate
kwise-for increasing positive pressure and counter-
kwisé for increasing negative pressure.

clo
clo

may be used. Other appropriately sized conrfections,
employing sealing means other than tapered’threads,
are acceptable.

In applications of stem-mounted gauges, egpecially
with liquid-filled cases and wherg'vibration iy severe,
consideration should be given tothepossibility qf failure
of the stem or associated piping eaused by the vibrating
mass of the gauge. A larger)connection (e.g.,|% NPT
instead of % NPT) or &¢tronger stem materfal (e.g.,
stainless steel instead~of brass), or both, shpuld be
considered.

3.3.6 Rings{)'Removable rings, size 4% an
generally have window retaining devices.

1 larger,

3.3.7{Internal Stop. An internal stop is 4 device
that restrains the motion of the pressure element or the
mechanism to reduce the probability of damage to the
préssure element or disengagement of the mgvement
mechanism caused by application of pressure b¢low the
minimum scale value or above the maximum scale value.
It will also reduce the possibility of disengagement of
the movement mechanism caused by the inertial effect
of sudden pressure changes.

3.3.7.1 Maximum Stop. A maximum stpp shall
prevent pointer motion beyond a point approyimately
midway between the last and the first dial graqduation
and shall prevent the pointer from striking an pbstruc-
tion. Pointer motion shall not be restrained at lgss than
105% of full scale pressure.

3.3.7.2 Minimum Stop. A minimum stop shall pre-
vent pointer motion below a point 5% lower {han the
first scale graduation and a point approximately midway
between the last and the first dial graduatior]. When
incorporated, requirements of para. 3.3.2.5 shall apply.

3.3.8 Windows

3.3.4 Pointer Adjustment. Pointer adjustment can
only be used to match the indication to a reference pres-
sure at one point on the scale and should not be
depended upon to recalibrate the gauge. Such an adjust-
ment could cause a significant error at pressures above
or below the setting point.

3.3.5 Pressure Connection

3.3.5.1 Location of Connection
(a) Stem mounted — bottom or back

17

3.3.8.1 Laminated Glass. Laminated gldss shall
comply with ANSI Z26.1. Laminated glass offers some
protection in all applications. It reduces the possibility of
glass particles scattering if the pressure element ruptures
and window failure results.

3.3.8.2 Tempered Glass. Tempered glass shall
comply with ASTM C 1048 (heat treated) or
ASTM C 1422 (chemically treated). Tempered glass is
generally 2 to 5 times stronger than annealed (plain)
glass.
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3.3.8.3 Plastic. Impact and abrasive environmen-
tal conditions, especially temperature and corrosive
atmosphere, must be carefully considered to determine
the type of plastic best suited for the application.

3.3.8.4 Plain Glass. This window material is com-
monly used due to its abrasion, chemical, and wear
resistance properties. Careful consideration of its use
should be given for hazardous applications.

This error is approximately proportional to the
applied pressure and therefore cannot be corrected by
resetting the pointer.

For a given temperature condition, correction can be
made by calculating the approximate error at each
applied pressure value and adding it to or subtracting
it from the indicated value. If the temperature condition
is stable and a more accurate indication is required,
recalibration may be appropriate

3.4 Acquracy

Presspire gauge accuracy is graded as shown in Table 1
(see sedtion 6 for testing procedures).

3.4.1 General Discussion

3.41.1 Elastic elements are made of many mate-
rials to fneet various requirements of corrosion resistance
and peffformance. A corrosive medium may dictate use
of an elpment material having less than optimum prop-
erties. [The accuracy classification of such a gauge
dependk to a large extent on these properties.

3.41.2 Usinga pressure gauge in an environment
or with{media that cause the temperature of the elastic
elemen{ to be different from that at which it was cali-
brated yill increase the indication error. This is caused
by temperature effects on the elastic element, movement,
and link.

3.41.3 Temperature change affects the stiffness
of the elastic element. The change in stiffness of a mate-
rial witlh change in temperature is the thermoelastic coef-
ficient|(TEC) of the material. Stiffness change is
produc¢d by a combination of changes in thevelastic
modulys (Young’s Modulus) due to thermal effects and
a change in linear dimensions due to lifteat expansion
and corjtraction.

Using a pressure gauge in an ényironment or with
media that cause the temperatufe of the elastic element
to be diffferent from that at whigh it was calibrated will
increas¢ the indication erxor.

For cpmmon materialsiof construction (e.g., stainless
steel, bfonze), the erref.caused by temperature will be
approximately the pefcentage values given by the fol-

3.4.1.4 Gauges represented as being comj
sated for service at various temperatures generally Have
components of special materials and design to’comy
sate not only for the temperature effects\on the elgstic
element stiffness, but also to compensate for sinfilar
effects on the gauge mechanism. The.accuracy classiffica-
tion of a temperature-compensated gauge is established
by the magnitude of the largest error encountered when
the gauge is tested over itsientire rated service tempgra-
ture range.

3.4.1.5 Gauges with sealed cases, liquid fillegl or
not, will exhibitadditional error as a result of expogure
to ambient ox media temperature different from fhat
at which the/case was sealed unless compensatioh is
provided:This error is caused by internal case presgure
changessand depends on fill media, extent of fill, pnd
otherdactors.

The error is constant over the entire scale, and if
temperature is stable, within limits, it can be corre
by resetting the pointer.

An increase in temperature generally causeq an
increase in internal case pressure with a resulfling
decrease in indicated pressure. The opposite occurg for
a decrease in temperature.

For a given temperature change, the percentag
error noted on the gauge is a function of the rangg
span) of the gauge. If, for example, the tempera
increases causing the internal case pressure to incr¢ase
by 3 psi, then on a 0/30 psi gauge, this will cauge a
-10% error, whereas on a 0/100 psi gauge, the efror
will be —3%. For higher ranges, the percentage of efror
becomes proportionately less.

the
ted

b of
(or
ure

3.4.1.6  The accuracy of a retard gauge shall be

lowing [formulat expressed as a percentage of the expanded portiof of
the scale. The accuracy for the compressed portiop of
Erfor (change in span) = +0.04 X (f; - #) the scale may be substantially different.
where 3.4.1.7 The accuracy of a gauge with suppressed
t; = the temperature at calibration in °C scale shall be expressed as a percentage of span.
ta = the temperature of the gauge in service in °C 3.4.1.8 The accuracy of a compound gauge shall

For example, a change of 1% at full scale pressure occurs
for each 25°C change in temperature. This error is
approximately proportional to the applied pressure.
Special alloys such as NiSpan C (Alloy 902) are also
used for elastic elements where heat treatment could
control the TEC and reduce the temperature error.
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be expressed as a percentage of span.

3.4.1.9  Accuracy is affected by readability. For
this reason, more accurate gauges are generally made
in larger sizes (see Table 1).

3.4.1.10 Mounting a pressure gauge in a position
other than that at which it was calibrated can affect its
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accuracy. Normal calibrating position is upright and
vertical. For applications requiring mounting in other
than this position, consult the supplier.

3.4.1.11 Some absolute pressure gauges are pres-
sure gauges with the pointer set to indicate 14.7 psia
with the elastic element unpressurized. These gauges
indicate in terms of absolute pressure, but will be in
error by the difference between the ambient pressure

personnel and damages to property have been minimal.
In most instances, the cause of failure has been misuse
or misapplication.

4.2.3 The pressure-sensing element in most gauges
is subjected to high internal stresses, and applications
exist where the possibility of catastrophic failure is pres-
ent. Pressure regulators, diaphragm (chemical) seals,
pulsation dampers or snubbers, syphons, and other sim-

and 1%.7 psia. Other absolute pressure gauges indicate
the| correct absolute pressure value, even though the
ampient pressure may vary.

3.4.1.12 Pressure gauges can be rendered inaccu-
during shipment despite care taken in packaging.
To ensure conformance to the standard grade to which
the| pressure gauge was manufactured, it should be
checked before use.

ratd

3.5 Installation

Before installing a pressure gauge, consideration
shguld be given to environmental conditions such as
tenperature, humidity, vibration, pulsation, and shock
and the possible need for protective attachments, main-
tenpnce, and/or special installation requirements. Refer
to dection 4, Safety.

The gauge connection must be compatible with the
mafing connection, and appropriate assembly tech-
nigpes must be used.

Ipstallation of the gauge should be accomplished by,
tightening the pressure connection using the wrench
flatp if provided. Failure to do so may result in 10ss of
accpiracy, excessive friction, or mechanical damage to
the|pressure element or case.

SAFETY
Scope

4
41

This section of the Standard,presents certain informa-
tion to guide users, suppliers, and manufacturers toward
mii[imizing the hazards.that could result from misuse or
midapplication of pressure gauges with elastic elements.
Thg user should~become familiar with all sections of
thi Standard,-as-all aspects of safety cannot be covered
in this section. Consult the manufacturer or supplier
for jadvice:whenever there is uncertainty about the safe
application of a pressure gauge.

ifar items, are available for use in these potentiglly haz-
ardous systems. The hazard potential increases.dt higher
operating pressure.

4.2.4 The following systems are'consideredl poten-
tially hazardous and must be carefully evaluatpd:

(a) compressed gas systems

(b) oxygen systems

(c) systems containing,hydrogen or free hydrogen
atoms

(d) corrosive fluid-systems (gas and liquid)

(e) pressure systems containing any expl
flammable mixtute or medium

(f) steam systems

(g) nensteady pressure systems

(h)<systems where high overpressure could
dentally applied

(i) systems wherein interchangeability of(gauges
could result in hazardous internal contamingtion or
where lower pressure gauges could be installed ih higher
pressure systems

(j) systems containing radioactive or toxic fliids (lig-
uids or gases)

(k) systems installed in a hazardous environment

4.2.5 When gauges are to be used in contpct with
media having known or uncertain corrosive effects or
known to be radioactive, random or unique dedtructive
phenomena can occur. In such cases the user| should
always furnish the supplier or manufacturer with infor-
mation relative to the application and solicit hip advice
prior to installation of the gauge.

sive or

be acci-

4.2.6 Fire and explosions within a pressure
can cause pressure element failure with very|
effects, even to the point of completely disint
or melting the pressure gauge. Violent effects
produced when failure occurs due to

(a) hydrogen embrittlement

system
violent
pgrating
are also

4.2 General Discussion

4.2.1 Adequate safety results from intelligent plan-
ning and careful selection and installation of gauges into
a pressure system. The user should inform the supplier
of all conditions pertinent to the application and envi-
ronment so that the supplier can recommend the most
suitable gauge for the application.

4.2.2 The history of safety with respect to the
use of pressure gauges has been excellent. Injuries to
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(b) contamination ol a compressed gas

(c) formation of acetylides

(d) weakening of soft solder joints by steam or other
heat sources

(e) weakening of soft soldered or silver brazed joints
caused by heat sources such as fires

(f) corrosion

(g) fatigue

(h) mechanical shock

(i) excessive vibration


https://asmenormdoc.com/api2/?name=ASME B40.100 2013.pdf

ASME B40.100-2013 (B40.1)

Failure in a compressed gas system can be expected
to produce violent effects.

4.2.7 Modes of Pressure Gauge Failure

4.2.7.1 Fatigue Failure. Fatigue failure caused by
pressure-induced stress generally occurs from the inside
to the outside along a highly stressed edge radius of a
Bourbon tube, appearing as a small crack that propa-
gates along the edge radius. Such failures are usually

4.2.7.3 Corrosion Failure. Corrosion failure occurs
when the elastic element has been weakened through
attack by corrosive chemicals present in either the media
inside or the environment outside it. Failure may occur
as pinhole leakage through the element walls or early
fatigue failure due to stress cracking brought about by
chemical deterioration or embrittlement of the material.
A diaphragm (chemical) seal should be considered

more cifitical with compressed gas media than with lig-
uid medlia.

Fatigpe cracks usually release the medium slowly so
case prgssure buildup can be averted by providing pres-
sure relfef openings in the gauge case. However, in high
pressufe elastic elements where the yield strength
approaghes the ultimate strength of the element mate-
rial, fat{gue failure may resemble explosive failure.

A snpibber (restrictor) placed in the gauge pressure
inlet will reduce pressure surges and fluid flow from
the parfially open elastic element (see para. 1-2.4).

4.2.7.2 Overpressure Failure. Overpressure failure
is causegd by the application of internal pressure greater
than th¢ rated limits of the elastic element and can occur
when a Jow pressure gauge is installed in a high pressure
port or pystem. The effects of overpressure failure, usu-
ally mdre critical in compressed gas systems than in
liquid-fjlled systems, are unpredictable and may cause
parts to be propelled in any direction. Cases with pres-
sure relfef openings will not always retain expelled parts.

Placihg a snubber (restrictor) in the pressure gauge
inlet wifl not reduce the immediate effect of failure,but
will help control flow of escaping fluid following rixpture
and reduce the potential of secondary effects.

It is generally accepted that solid front ‘eases with
pressurg relief back will reduce the possibility of parts
being projected forward in the event-of-failure.

The window alone will not provide-adequate protec-
tion agginst internal case pressute buildup, and can be
the mogt hazardous component,

Short] duration pressurelimpulses (pressure spikes)
may ocqur in hydraulic okprieumatic systems, especially
when vhlves open or-clgse. The magnitude of the spikes
may be[many times.the normal operating pressure, and
may nof be indicated by the gauge. The result could be
immediate failure, or a large upscale error. A snubber
(restrictor) ‘may reduce the magnitude of the pressure
transmiftted to the elastic element.

for use with pressure media that mayv have a corrosive
effect on the elastic element.

The addition of a seal may reduce accuracy orsensitiv-
ity or both. For further detail see ASME B40.2:

4.2.7.4 Explosive Failure. Explosive failurg is
caused by the release of explosive energy generated by
a chemical reaction such as can.result when adiabjatic
compression of oxygen occurs in‘the presence of hydro-
carbons. It is generally accepted that there is no kngwn
means of predicting the magnitude or effects of this type
of failure. For this mod€eftailure, a solid wall or porfion
between the elastic-element and the window will |not
necessarily prevént parts being projected forward.

4.2.7.5(Vibration Failure. The most common mpde
of vibratien failure is wear of mechanical components
becauseof high cyclic loading caused by vibration. This
is chatacterized by gradual loss of accuracy, and, ilti-
mately failure of the pointer to indicate any presgure
change.

4.2.7.6 Vibration-Induced Fatigue Failure. In agldi-
tion to its effect on the gauge movement and linkage,
(see para. 4.2.7.5), vibration may in some instances reult
in high loading of various parts of the pressure elejent
assembly. This loading could cause cracks in the elenjent
itself, or in joints. Case pressure buildup may be slow,
but it is possible that a large hole may suddenly develop,
with a high rate of case pressure rise, which could result
in a failure similar to an explosive failure.

4.2.7.7 Plugging. Apparent failure may| be
encountered due to plugging (clogging) of internal pjres-
sure passages or throttling devices by the presdqure
media. A diaphragm seal should be considered for|use
with pressure media that may cause plugging or

clogging.

4.2.8 Pressure Connection.

See_recommendations

Use of a pressure limiter valve can isolate the pressure
gauge from pressures greater than the rated limits of the
elastic element, protecting the gauge from overpressure
failure. A pressure limiter valve is a device that is
designed to close on rising pressure, limiting the pres-
sure at the outlet of the device. The closing pressure is
adjustable and should be set to close above the full scale
range of the pressure gauge and below the rated limit
of the elastic element. Complete information regarding
pressure limiter valves is contained in ASME B40.6.
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in para. 3.3.5.

4.3 Safety Recommendations

4.3.1 Operating Pressure. The pressure gauge
selected should have a full-scale pressure such that the
operating pressure occurs in the middle half (25% to
75%) of the scale. The full-scale pressure of the gauge
selected should be approximately 2 times the intended
operating pressure.
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Should it be necessary for the operating pressure to
exceed 75% of full scale, contact the supplier for
recommendations.

This does not apply to test retarded or suppressed
scale gauges.

NOTE: Gauges that are obviously not working or indicating
erroneously should be immediately valved off or removed from
service to prevent further damage.

4.3.5 Special Applications. Some special applica-
tions require that the pressure element assembly have
a high degree of leakage integrity. Users should contact
the supplier to ensure that the allowable leakage rate is
not exceeded.

4.3.6 Cases

4.3.6.1 Cases, Solid Front. Itis generally accepted
that a solid front case per para. 3.3.1 will reduce the

k3.2 Use of Gauges Near Zero Pressure. The use
of gauges near zero pressure is not recommended
bechuse the accuracy tolerance of the gauge may be a
large percentage of the applied pressure. If, for example,
a 0)/100 psi Grade A gauge is used to measure 4 psi,
the|accuracy of measurement will be +2 psi, or 50% of
the[applied pressure.

Hor this reason, gauges should not be used for the
pose of indicating the residual pressure in a tank,
autpclave, or other similar device that has been seem-
ingly exhausted. Depending on the accuracy and the
range of the gauge, hazardous pressure may remain
in the tank even though the gauge is indicating zero
prepsure.

he operator may develop a false sense of security
whpn the gauge indicates zero or near-zero pressure
even though there may be substantial pressure in the
system. A venting device must be used to completely
redlice the pressure to zero before unlocking covers,
renjoving fittings, or performing other similar activiti€s:

.3.3 Compatibility With Medium

4.3.3.1 Wetted Parts. The elastic elementis gener-
allyf a thin-walled member, which of negessity operates
undler high stress conditions and must, therefore, be
car¢fully selected for compatibility \with the medium
being measured. None of the conimon element materials
is impervious to every type ef/chemical attack. The
potential for corrosive attack is established by many
facfors, including the cencentration, temperature, and
contamination of the medium. The user should inform
the[gauge supplier’of-the installation conditions so that
the|appropriate(element materials can be selected.

4.3.3.2 Calibration Test Fluid. The calibration fluid
mukt be compatible with the medium. Test fluids con-
tailﬁing hydrocarbons should not be used when the
me

ium is Qoxygen or other oxidants

possibility of parts being projected forward im the event
of elastic element assembly failure. An exception is
explosive failure of the elastic element @ssembly.

4.3.6.2 Cases, Liquid Filled. Jt\has been|general
practice to use glycerin or silicone\filling fluidp. These
fluids must be avoided where ‘strong oxidizing agents
including, but not limited<te; oxygen, chlorink, nitric
acid, and hydrogen pera%ide are involved. In the pres-
ence of oxidizing agents,” potential hazard cap result
from chemical reaction, ignition, or explosiofn. Com-
pletely fluorinated(or chlorinated fluids, or bdth, may
be more suitable, for such applications.
The usershall furnish detailed information |relative
to the application of gauges having liquid-filled cases
and selicit the advice of the gauge supplier prior to
installation.
In'a compressed gas application, consideration should
also be given to the instantaneous hydraulic effect that
may be created by one of the modes of failure outlined in
para. 4.2.7. The hydraulic effect due to pressure element
failure could cause the window to be projected forward
even when a case having a solid front is emplgyed.

4.3.7 Snubber. Placing a snubber or a restrictor
between the pressure connection and the elastic felement
will not reduce the immediate effect of failure, put will
help reduce flow of escaping fluid following |[rupture
and reduce the potential of secondary effects. Fof further
details, see ASME B40.5.

4.3.8 Specific Service Conditions. Specific ppplica-
tions for pressure gauges exist where hazdrds are
known. In many instances, requirements for design, con-
struction, and use of gauges for these applicatjons are
specified by state or federal agencies or Undefwriters
Laboratories, Inc. Some of these specific servicg gauges
are listed in paras. 4.3.8.1 through 4.3.8.4. The list is not
intended to include all types, and the user should always
advise the supplier of all application details

4.3.4 Capability of a Pressure Element. In addition
to the factors discussed above, the capability of a pres-
sure element is influenced by the design, materials, and
fabrication of the joints between its parts.

Common methods of joining are soft soldering, silver
brazing, and welding. Joints can be affected by tempera-
ture, stress, and corrosive media. Where application
questions arise, these factors should be considered and
discussed by the user and supplier.
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4.3.8.1 Acetylene Gauge. A gauge designed to
indicate acetylene pressure (and other gases having simi-
lar properties). The gauge may bear the inscription
ACETYLENE on the dial. For material recommenda-
tions see CGA E-4.

4.3.8.2 Ammonia Gauge. A gauge designed to
indicate ammonia pressure and to withstand the corro-
sive effects of ammonia. The gauge may bear the inscrip-
tion AMMONIA or NH3 on the dial. It should also


https://asmenormdoc.com/api2/?name=ASME B40.100 2013.pdf

ASME B40.100-2013 (B40.1)

include the equivalent saturation temperature scale
markings on the dial. Materials such as copper, brass,
and silver brazing alloys should not be used.

4.3.8.3 Chemical Gauge. A gauge designed to
indicate the pressure of corrosive or high viscosity fluids,
or both. The primary material(s) in contact with the
medium may be identified on the dial. It may be
equipped w1th a dlaphragm (chemrcal) seal pulsat1on
dampef; o7 ¥

4.3.8.4 Oxygen Gauge. A gauge designed to indi-
cate oxgen pressure. Cleanliness shall comply with
Level IY (see section 5). The dial shall be clearly marked
with a juniversal symbol and/or USE NO OIL in red
color (spe para. 6.1.1.4).

4.4 Re

It is npt recommended that pressure gauges be moved
from ohe application to another for the following
reasons

(a) (hemical Compatibility. The consequences of
incomphtibility can range from contamination to explo-
sive faijure. For example, moving an oil service gauge
to oxygen services can result in explosive failure.

(b) Pgrtial Fatigue. The first installation may involve
pressurg pulsation that has expended most of the gauge
life, respilting in early fatigue in the second installatién.

(c) Qorrosion. Corrosion of the pressure element
assembly in the first installation may be sufficient to
cause efrly failure in the second installation.

se of Pressure Gauges

5 CLEANLINESS
5.1 Ge

This pection provides stafidardized reference for
gauge ysers in specifying cleanliness requirements and
guidance to manufactitrers in meeting these
requirements.

If gauige cleanliness/is important for the application,
such asffor use afyeéquipment involving food processing,
life support, er'oXidizing fluids, the user should specify
the appjropriate level of cleanliness listed in Table 2

If the|cléanliness requirements of the intended appli-

heral

5.3 Inspection for Cleanliness

Hydrocarbon concentration may be determined by
methods such as infrared spectrophotometry or black
light (ultraviolet) radiation of the long wave type
[approximately 3 600 angstrom units (360 nm)], where
the solvent used to flush the pressure element assembly
is evaluated.

When black hght radiation methods are employed

wrll drssolve all hydrocarbons that could be present
that all hydrocarbons are detectable and fluorésee urfder
black light.

The dimensions of particles and fibets)are usuplly
determined by microscopic examination of filter pgper
through which the flushing solvent.hds been passefl.

5.4 Packaging

Gauges shall be packaged.in'such a manner that speci-
fied cleanliness requiremeénts are maintained.
The user shall take proper precautions so that clegnli-
ness levels for socket' and pressure element are mpin-
tained after thelgauge is removed from its package for
installation.

6 PRESSURE GAUGE TESTING
6.1CCalibration Standards
6.1.1 General Discussion

6.1.1.1 Standards shall have nominal errors
greater than ”; of those permitted for the gauge bging
tested. For example, when testing a 200 psi Grade| 1A
(1%) gauge, the standard must have errors not njore
than % of 1%, or 0.5 psi. The range of the standard njust
be not less than that of the gauge under test but may
be higher, as long as the errors do not exceed 0.5 psi. A
200 psi Grade 3A gauge, with errors of 0.25% of [200
(0.5 psi), or a 500 psi Grade 4A gauge, with errorp of
0.1% of 500 (0.5 psi) or a 1,000 psi digital gauge with
errors of 0.05% of 1,000 (0.5 psi) may be used.
Standards for pressure, weight, density, and linear
dimensions used in manufacturing and calibrating|the
test instruments shall conform to equivalent measufing
standards that have been calibrated at NIST and shall
have a documented path to NIST.

not

6.1.1.2 Complete information regarding manpm-

cation are not covered in Table 2, the user should so
advise the manufacturer.

5.2 Cleanliness Levels

Cleanliness is determined by the size and quantity
of maximum permissible solid contaminants on wetted
surfaces or by the quantity of contaminant (hydrocar-
bons) discernible in the fluids used to flush or clean
such surfaces, or by both. Common cleanliness levels
are defined in Table 2.
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cters Clllb‘l Pibi.Ull 54565 ib LUIlLdillEL‘l ill ASIVIE FTC 9.2.
To compute their errors, geographical location and ele-
vation must be determined and gravity corrections
applied, as outlined in NIST manometery and piston
gage monographs.

6.1.1.3  Gauges used as standards shall be tested
for accuracy regularly. The frequency of such testing will
depend on their demonstrated ability to retain accuracy
after a period of time and after repeated use. The date
of the last test may be noted on the front of the gauge.
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Table 2 Cleanliness Levels

Allowable Size and Quantity

Particles

Fibers

Maximum
Cleanliness Maximum Maximum Hydrocarbon,
Level General Cleanliness Requirements Size Quantity Size Quantity ppm
[Note (1)] Applicable to All Levels (Micrometers) [Note (2)] (Micrometers) [Note (2)] [Note (3)]
| Normal cleanliness attained No limit No limit No limit No limit No limit
through high standard shop
practices
\% Gauge shall be free of visually Less than 100 No limit Less than 700 No limit
[Note (4)] (unaided eye) detect- 100/500 25 700/1 000 10 50
able moisture and foreign mat- Over 500 0 Over 1 000 0
ter (chips, slivers, weld slag or
splatter, shop soil, greases,
oils, or other contaminants)
that could be mechanically det-
rimental to proper function of
gauge
NOTES:

| evels Il and Ill have been discontinued.
Quantity = number by count per solvent flush.

@
@
©)
)

Excluding particle, fiber, and hydrocarbon detection procedures.

6.1.1.4 Piston gages or other standards that con-
oil or other hydrocarbon fluids shall not be used
est oxygen gauges or other gauges cleaned te
el IV. See Table 2 and para. 4.3.3.2.

6.1.1.5 If a liquid medium is used, correefion for

difference in liquid head between the standard and
gauge being tested may be necessary\especially in
case of low pressure gauges.

6.1.1.6 A liquid medium_shall not be used to
tes{ gauges where the weight ofilliquid in the pressure
element will introduce significant errors. This effect is
grepter on low pressure gauges.

6.1.1.7 If an air‘piston gage is used, no liquid is
permitted in the gaugeinder test, or in the lines between
the|gauge and thepiston gage.

tair]
to
Ley

the
the
the

6.1.2 Recommended Standards. A wide variety of
mefhanicdharnd electronic standards may be used to test
galges_Some of these are

(#) \piston gage (hydraulic or air)

Ppm per solvent flush (@approximately the volume contained by the wetted surface),

acouracy grades defined in para. 3.4. Statistical nethods
or alternate test procedures, or both, may be us¢d when
agreed to by the supplier and the user.

6.2.1 Reference Temperature (All Grades). [A tem-
perature of 20°C + 1°C (approximately 68°F + 2F) shall
be the reference standard. Temperature-compgensated
gauges shall be tested at several ambient temppratures
within the compensated range.

6.2.2 Reference Barometric Pressure. A bafometric
pressure 101.32 kPa (29.92 in. Hg) shall be the r¢eference
standard. Only absolute pressure gauges with the
pointer set to indicate 14.7 psia will be affected by
changes in barometric pressure (see para. 3.4.1]11).

6.2.3 Calibration Standards. See para. 6.1.
6.2.4 Procedures

6.2.4.1 Accuracy
(a) Grades 3A and 4A. Before conducting the 4
test, subject the gauge to a pressure equal to th

ccuracy
e maxi-

(b) manometer

(c) test gauge

(d) pressure transducer or transmitter

Selection of a standard is determined by the accuracy
and pressure range of the gauge being tested, suitability
of the medium, convenience of use, and availability.

6.2 Verification Test Procedures

The following procedures are suggested when testing
a pressure gauge to determine its compliance with the
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mum indicated pressure (or vacuum). Conduct t
racy test within 10 minutes.

(b) All Grades/Classes. Known pressure shall be
applied at each test point on increasing pressure (or
vacuum). At each test point the gauge under test shall
be read, lightly tapped, and then read again. The differ-
ence of the readings is friction error. The same sequence
shall be repeated on decreasing pressure (or vacuum).
The entire set of upscale and downscale readings shall
then be repeated.

€ accu-
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Accuracy Grade/ Minimum Recommended

7.1.1 Assistance Not Required. If the user does not

~

Classes Number of Test Points [Note (1)] require assistance with selection and recommendation
4A 10 for service involved, specify
3A,2A, 1A, A 5 (a) supplier’s catalog number, size, range, and con-
B, CD 3 nection location and size
0.6 5 .. . . .
16 3 (b) variations or accessories, or both, if required
24 3
4 4 7.1.2 Moderate Assistance Required. If the user
Minimum Number requires moderate assistance, specify
of Test Points for EN 837-1 (a) range (specify units of measure) (see parax3.2
1,025, 06 10 (b) accuracy (see para. 3.4)
1 5 (c) size (para. 3.1 and Fig. 6)
1.6,25,4 3 .
NOTE: (d) material
(1) The fest points shall be distributed over the dial range and (e) method of joining the.-ppessure-containfing
shallfinclude points within 10% of the ends of the dial range. components

The grror can be determined from the data obtained
in the tyvo pressure cycles and is equal to the maximum
error atleach test point, in either direction, after tapping.
When elxpressed as a percentage of span, the error shall
not exceed the limits in Table 1 for the applicable grade
of accufacy.

6.2.4.2 Repeatability. Repeatability can be deter-
mined from the data obtained in para. 6.2.4.1. It is the
differerfce between any two readings taken after tap-
ping, af the same pressure, approached from the same
directiopn, and in the two pressure cycles, expressed in
percenthge of span. More than two pressure cycles may
be desifable.
Repedtability does not include hysteresis or frietion
error.

6.2.4.3 Hysteresis. Hysteresis canbe determined
from thle data obtained in the two preSsute cycles (see
para. 6{2.4.1). It is the difference-at-each test point
between increasing pressure and decreasing pressure
readingf taken after tapping;~at‘the same test point,
approad¢hed from both incréasing and decreasing pres-
sure diflections; in a single pressure cycle, expressed in
percenthge of span (sée’Fig. 10).

The hysteresis value/is lower if the pressure excursion
is less than full scale. Hysteresis does not include friction
steresisefror shall not exceed the absolute value
its-of permissible error at a reference tempera-
ture of |20°C (68°F). The amount of hysteresis errors

(f) connection type, locatior, and size

(g) mounting (stem,‘surface, or flush) (see Figs. 5
and 6)

(h) supplier’s catalog number
(i) variations ‘or accessories, or both

7.1.3 ‘Detailed Assistance Required. If the user
requizes detailed assistance, specify items listed in
para: 7.1.2 plus the applicable portions of |the
following;:

(a) medium, name and state (gas or liquid), concentra-
tion, temperature

(b) material of process equipment

(c) pressure pulsation range and frequency

(d) sudden pressure increase or decrease (spikg
surge)

or

(e) case and ring materials
(f) window material
(g) environmental conditions such as
(1) vibration frequency and amplitude
(2) temperature
(3) indoor and outdoor use
(4) corrosive atmosphere
(6) dust
(6) weather resistance

should not move the readings outside the permissible
error limits for accuracy (see Table 1).

7 ORDERING PARAMETERS AND RELATED
STANDARDS

7.1 Order Checklist

The following includes some factors to consider and
questions to answer when ordering pressure gauges.

24

=\ 1 i3
{77 IUIIaIty

(8) mechanical shock

7.2 Conversion Factors (Customary Units to Sl Units)

The Customary measuring units are listed below with
their corresponding SI units and conversion factors.
Multiplying the Customary units by the conversion fac-
tor will yield the correct value in SI units.
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Conversion Factor
[Note (1)]

Customary

Unit X = SI Unit

atmosphere (standard) 1.01325 E+05 Pa (pascal)

EN 837.1, Pressure Gauges Part 1: Bourbon Tube
Pressure Gauge — Dimensions, Metrology,
Requirements, and Testing

67
r09

ing

for

Efr(i[ji%t; @] ;gzggg Eigi ga (meter) Publisher: European Committee for Standardization
ft (foot) 304800 E-01 m (CEN), Avenue Marnix 17, B-1000 Brussels, Belgium
in. H,O (4°C) 2.49081 E+02 Pa (www.cen.eu). The English language version is pub-
in. H,O (20°C) 2.48640 E+02 Pa lished by British Standards Institute (BSI),
}nAHHZOO( (60;1? 248850 E+02 Pa 389 Chiswick High Road, London W4 4AL United
t H0 (362€) RS S o
in2 (squdre inches) 645160 E-04 m? (square Kingdom (www.bsigroup.com).
meters)

£2 (squate feet) 9.29030 E—02 2 ISA RP2.1, Manometer Tables
psi (pound force per  6.89476 E+03 Pa Publisher: Instrument Society of Amefica (ISA)

Square inch) 6.89476 E-02 bar [Note (2)] Alexander Drive, Research Triangle\Park, NC 27
oz/in.” (punce per 4.30922 E+02 Pa

square|inch) .
in. Hg (hercury) (0°C) 3.38638 E+03 Pa ISO 3117{1,1 Przsi)ure Gauges Used|Inn"Welding, Cut
micron 1.00000 E-06 m and Related Processes
°F (degrge Fahrenheit) (°F-32)/1.8 °C (degree Publisher: International” Organization
NOTES: Celsius) Standardization (ISO),»Qentral Secretariat, 1, ch

(1) Conversion factors are expressed as a number between 1.0 and
10.0 yvith five decimal places. This number is followed by the
letteq E (for exponent), a plus or minus symbol, and two digits
indichting the power of 10 by which the number must be
multfplied to correctly place the decimal point. The plus or
minys indicates the direction the decimal must be moved: plus
to the right, minus to the left.

EXAMPLES:

(a) 2|54000 E-02 means 2.54000 x 1072 and equals 0.025400
(b) 1J01325 E+05 means 1.01325 x 10° and equals 101,325
The bar is a unit outside the SI system that is nevertheless
recognized by the Comité International des Poids et Mesures.
(cIein.

@

7.3 Related Standards

Othet standards and specifications relating)to pres-
sure gafiges and their performance requizements follow.
The edjtion bearing the latest date ofiissuance shall
be used.

ANSI 7
Glazi

Publisher: American Natienal Standards Institute

26.1, Safety Code for (Glazing Materials for
g Motor Vehicles Operating on Land Highways

de
la Voie-Creuse, Case'\postale 56, CH-1121 Genev¢ 20,

Switzerland /Suisse" (www.iso.org)

FED-STD-H28, Screw-Thread Standards for Federal
Services

MIL-G+6019, Gage, Pressure, Dial Indicating, Oxy
Low, Pressure

MIL:G-6035, Gage, Pressure, Dial Indicating, Oxy
High Pressure

MIL-G-17489, Gage, (Pressure) (Air) Boiler

MIL-G-18997, Gage, Pressure, Dial Indicating

Publisher: Federal specifications available fr
Superintendent of Documents, U.S. Governmnjent
Printing Office (GPO), 732 N. Capitol Street, NW,
Washington, DC 20401 (www.gpoaccess.gpv/
index.html)

ren,

ren,

NBS Monograph No. 8, Mercury Manometers

NBS Monograph No. 65, Reduction pf Data for Pigton
Gauge Pressure Measurement (NBS Technical Note

ve,

(ANSI), 25 West 43fd Street, New York, NY 10036 on Error Assessment)
(www.ansi.org) SAE J906, Automotive Safety Glazing Manual
ASME B1.20.1,Pipe Threads, General Purpose (Inch)  publisher: Society of Automotive Engineers (JAE
(Except Dryseal) ) International), 400 Commonwealth Dr
ASME B1.20:3, Dryseal Pipe Threads Warrendale, PA 15096 (www.sae.org)
ASME PTC 19.2, Performance Test Code, Pressure

Measurement

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York, NY
10016; Order Department: 22 Law Drive, P.O.
Box 2900, Fairfield, NJ 07007-2900 (www.asme.org)

CGA E-4, Standard for Gas Pressure Regulators

Publisher: Compressed Gas Association (CGA), 14501
George Carter Way, Suite 103, Chantilly, VA 20151
(www.cganet.com)

26

UL 299, Fire Extinguishers, Dry Chemical

UL 393 (ANSI B156.1), Indicating Pressure Gauges for
Fire Protection Service

UL 404, Gauges, Indicating Pressure, for Compressed
Gas Service

UL 626, Fire Extinguishers, Halogenated Agent

Publisher: Underwriters Laboratories, Inc. (UL),
333 Pfingsten Road, Northbrook, IL 60062-2096
(www.ul.com)
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MANDATORY APPENDIX |
TEST PROCEDURES USED TO MEASURE NEW GAUGE
PERFORMANCE

I-1| SCOPE

This Mandatory Appendix relates to performance and
tes{ requirements for pressure gauges utilizing C, spiral-
and helical-shaped Bourdon tubes. It covers pressure,
compound, and vacuum gauges for industrial use up to
1 600 bar (23,200 psi). It applies to liquid-filled and high-
prepsure gauges used for gases, including oxygen and
acefylene. It does not cover pressure gauges with electri-
cal pontacts. Consult the manufacturer when it is known
tha} the pressure gauges will encounter conditions more
severe than those specified in this Mandatory Appendix.

I-2| EVALUATION PROCEDURES

CAUTION: Failures during pressure testing are unpredictable
and|may cause parts to be propelled in any direction. All pressure
testJ‘ng should be conducted by qualified personnel using appro-
priate safety equipment, such as safety glasses, shields, enclo=
surgs, or a combination to prevent personal injury and propérty
danjage. Read section 4 before conducting any testing.

-2

See para. 6..1 for a description of the fest procedures.

{1 Accuracy

I-2]2 Temperature-Related Error

-2.2.1 High Temperature Etror. The gauge shall be
tesfed for accuracy in accordance with para. 6.2.4.1. The
gatge shall then be placed in a temperature test chamber
at gdn elevated temperature [e.g., 60°C (140°F)] and
allgwed to stabilize for a period of not less than 4 h.
Thg gauge shall-then be checked for accuracy at this
temperature, iniaccordance with para. 6.2.4.1. The differ-
ence in readirigs at each test point between room temper-
atufe and:the maximum operating temperature is the
high temperature error.

Table I-1 Proof Pressure Testing Specifications

Overpressure Requirements

Pressure Range of Gauge Pressure in Percerft of Span

0-100 bar (0-1,500 psi) 125%
100-400 bar (1,500-6,000 psi) 115%
400-1 400 bar (6,000-20,000  psi) 110%

I-2.2.3 Storage Temperature Test.
be tested fof accuracy in accordance with paraj 6.2.4.1.
The gauge shall then be placed in a temperature test
chamberat an elevated temperature [e.g., 70°C((158°F)]
for,a-period of 24 h. The gauge shall then be placed in
a temperature test chamber at a lower temperattre [e.g.,
~40°C (-40°F)] for a period of 24 h. This 48-h cygle shall
be repeated four times for a total of five complete cycles.
The gauge shall then be allowed to stabilize ht room
temperature and then be checked for accuracy, in accor-
dance with para. 6.2.4.1. The difference between|the two
accuracy tests is the effect of storage tempfrature
expressed as a percentage of span. The gauge ghall not
change its appearance. The dial and pointer
crack, blister, or change color. If gauge cases a
filled, there shall be no evidence of the fill liquid

The gaulge shall

eakage.

I-2.3 Pressure Testing

I-2.3.1 Rated Pressure Testing. The gauge[shall be
pressurized to its full scale pressure for a minimum of
12 h and maintain accuracy with no evidence of |eakage.

shall be
own in

1-2.3.2 Proof Pressure Testing. The gauge
overpressurized for 15 min to the values sh
Table I-1.
After applying overpressure, the gauge shall He tested
for accuracy in accordance with para. 6.2.4.1. The read-

-2.2.2 Low Temperature Error. The gauge shall be
tested for accuracy in accordance with para. 6.2.4.1. The
gauge shall then be placed in a temperature test chamber
at a lower temperature [e.g., —~20°C (—4°F)] and allowed
to stabilize for a period of not less than 4 h. The gauge
shall then be checked for accuracy at this temperature,
in accordance with para. 6.2.4.1. The difference in read-
ings at each test point between room temperature and
the minimum operating temperature is the low tempera-
ture error.

27

ings shall be within the permissible error limits for the
accuracy grade/class of the gauge under test.

I-2.4 Fatigue Testing

The gauge shall be tested for accuracy in accordance
with para. 6.2.4.1. The gauge shall then be subjected to
repeated applications of a pressure (hydraulic preferred)
that produces an indication from 20% to 80% of the
range of the gauge at a rate of 0.3 Hz to 0.6 Hz. The
application and release of the pressure shall be as smooth
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Table I-2 Fatigue Testing Cycle Requirements

Table I-3 Vibration Test Amplitudes

Fatigue Testing Cycle Specification

Pressure Range Gauge Number of Cycles Required

0-25 bar (0-350 psi) 300,000
25-600 bar (350-9,000 psi) 100,000
600-1 600 bar (9,000-23,000 psi) 20,000

Frequency, Hz Amplitude, mm Amplitude, in.
5to 15 1.5 +£0.3 0.060 + 0.012

15 to 25 1.0 £0.2 0.040 = 0.008
26 to 33 0.5 +0.1 0.020 + 0.004
34 to 40 0.25 £ 0.05 0.010 = 0.002
41 to 60 0.13 £ 0.025 0.005 + 0.001

as practlicable, so as not to subject the gauge mechanism
to excegsive upscale or downscale accelerations or high
amplityde impulses (pressure spikes). The gauge shall
be testdd periodically for accuracy in accordance with
the test[specified in para. 6.2.4.1, not less than 1 h after
stopping the pressure cycling. The difference between
the firs{ set of readings at each test point and the latest
set of r¢adings at each test point is fatigue error at this
point. The gauge shall also be tested periodically for
leakage| of the pressure element assembly at full scale
pressurp. The fatigue life is the number of cycles to
leakage| (see Table I-2).

NOTE: [Pressure limits different from 20% to 80% of the range of
the gauge can have a significant effect on the fatigue error and life.

1-2.4]1 Accuracy After Fatigue Test. After completion
of the fgtigue test, the gauge should be left undisturbed
for 1 h| Accuracy should then be tested in accordance
with pira. 6.2.4.1, and the errors should not exceed 1.2
times the original values.

I1-2.5 Effect of Mechanical Shock

Aftel being exposed to shocks of 15 g, the gauge
should ot change its reading by more than 25%0of its
accuracly grade rating. The test should be administered
in acc¢rdance with IEC 60068-2-2%:. 1987, Basic
Envirorjmental Testing Procedures Paxt'2: Tests — Test
Ea and [Guidance: Shock.

I1-2.6 Effect of Mechanical Vibration

The yibration test is reqdited for gauges of accuracy
grades PA, 1A, A, and B:

The gauge shall be tested for accuracy in accordance
with pafa. 6.2.4.1 befere starting the vibration tests. Each
of the tefsts specified below shall be conducted separately
in each|of threesmutually perpendicular axes. All tests
in one alxis Shall be completed before proceeding to tests
in another/axis. The gauge under test shall be secured

I-2.6.1 Exploratory Vibration Tests. To~deternjine
the presence of resonances, the gauge under’test shall
be vibrated at frequencies from 5 Hz to 60)Hz at a pg¢ak-
to-peak amplitude not to exceed thatshown in Table|I-3.
The change in frequency shall be imade in discrete |fre-
quency intervals of approximately’1l Hz and maintained
at each frequency for about 15 's. The frequencies pnd
locations at which resonances occur shall be noted

1-2.6.2 Endurance Test. The gauge shall be tegted
for a period of 2 h it each of three mutually perpendjcu-
lar axes (6-h totdl) at the resonant frequency. If more
than one respnant frequency exists, the test shall be
conductedhat'the highest resonant frequency. If no reso-
nance issobserved, the test shall be in accordance with
Tablecl;3.
Jest for accuracy in accordance with para. 6.214.1
before and after the endurance test. The change in erfors
should not exceed 1.5 times the permissible errors| for
the accuracy grade.

I-2.7 Solid Front Gauges

1-2.7.1 Slow Leak Bourdon Tube. Solid front gayges
should protect the user from failure of the pressure pys-
tem and the resulting release of pressurized medid by
deflecting the pressure release away from the front of
the gauge.

The baffle wall between the Bourdon tube and Hial
should have a minimal amount of openings. These hples
should be reserved for fixing screws, pointer shafts, pnd
dial pillars only. These openings should be less than| 5%
of the area of the baffle wall.

The existence of blowout devices should be verified
by inspection of the gauge.

The functionality of the pressure relief devices shquld
be tested by

to the vibration table in the same manner that it will
be secured in service. In the case of surface or flush
mounting, the panel shall be sufficiently rigid to ensure
that its motion will be essentially the same as the motion
of the platform of the vibration machine. Input condition
should be monitored adjacent to the gauge mounting.
A pressure of 50% =+ 5% of full scale shall be applied to
the gauge under test during vibration. This pressure
may be applied by pressurizing the gauge and sealing
the pressure port.

(a) slowly pressurizing the case with air of the gauge,
with the Bourdon tube removed

(b) sealing all areas of the case with low strength seal-
ant, with the exception of the pressure relief areas

(c) slowly increasing a measured pressure until the
pressure relief portion activates

(d) recording pressure at which the back blows out

The window of the gauge should not fail during these
tests, nor should any internal components of the gauge
be expelled from the front of the gauge.
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Table I-4 Receiver Pressure

Maximum Gauge Range Test Pressure

Up to and including 100 bar 1.5 times maximum scale value
(1,500 psi)

Above 100 bar (1,500 psi)
up to and including
350 bar (5,000 psi)

Above 350 bar (5,000 psi)

1.15 times maximum scale value

Maximum scale value

I1-2.9 Leak Integrity at Rated Temperatures in Service

The pressure gauge shall show no signs of leakage
(<5 x 1073 mbar % 1/s, 5 x 10~ atm cc/s) within the
manufacturer’s specified range of ambient temperatures
and media temperatures. Test samples shall be placed
at the maximum temperature recommended by the man-
ufacturer. For brass gauges, the test samples should be
subject to 2.5 times the full scale pressure of the gauge

-2.7.2 Sudden Bourdon Tube Rupture. All sizes of
solid front gauges should be subjected to a high-pressure
release test with the Bourdon tube removed, as
follpws:

This test shall be conducted on a gauge from which
pressure element has been removed. The pressure
gatge shall be connected to a pressure receiver having at
3t ten times the volume of the gauge case. Connection
shalll be made using a short length of pipe or tubing of
ifable wall thickness to withstand the required pres-
surg. The pipe or tubing between the gauge and receiver
shalll include a union fitted with a frangible blowout
. Sudden rupture of the elastic element in the pres-
surp case shall be simulated by gradually raising the
prepsure in the receiver with nitrogen or air until the
gible disc ruptures. A quick opening valve may be
substituted for the frangible blowout disc if the valve
can|be fully opened from the closed position in less than
25 ms. Pressure in the receiver shall be monitored by
andther pressure gauge or pressure transducer. Gatiges
shall be tested to the pressures specified in Table I-4.
Thg pressure relief device (pressure relief plug; blowout
dis¢, or pressure relief back) shall be blown from the
casg (pressure relief plug or blowout disc), successfully
opgn (pressure relief back), or relieve'pressure from the
casg without causing a failure ifi either the case or the

Nonsolid Front Case *— Slow Leak Bourdon Tube

e functionality of\pressure relief devices should be

prepsure-without causing a failure in the case or ejecting

Tp to 1 000 bar (14,500 pst) for 2240t Steet or jtainless
steel gauges should be subject to 2.5 times the full scale
pressure of the gauge up to 1 000 bar (14,500ypsi) [for 24 h.
After testing, gauges should show nq sign of [leakage
(<5 x 107° mbar X 1/s,5 x 107 atmi€e/s). No dccuracy
testing is required.

For ranges above 1 000 bar (14)500 psi), 1.5 ti
full scale pressure of the gauge should be app

es the
ied.

I-2.10 Rupture Pressure Test (Burst Test)

Apply pressure\hydraulic preferred) to th¢ gauge
under a test increasing at the maximum rate of 20% of
the full scalejpersecond until the Bourdon tube rizptures.
The minimum rupture pressure shall be 2.5 times the
ranges Up to and including 300 bar (5,000 psi). Hor pres-
sure<ranges above 300 bar (5,000 psi), congult the
mantifacturer.

1-2.11 Liquid-Filled Gauges — Seal Integrity and
Stability

NOTE: This test must be conducted on each fill fluid.

(a) Mount gauge normally in accordance with the
supplier’s instruction.

(b) Heat filled gauge to the supplier’s recommended
maximum temperature, and hold for a minimunh of 2 hr.

(c) Reduce temperature to the supplier’s
mended minimum temperature, and hold for
mum of 2 h.

(d) Repeat the above cycle 20 times.

(e) No leakage of the fill fluid is permitted.

(f) The dial must remain readable. No discdloration
of the fill fluid, which degrades readability of the dial,
is permitted.

recom-
a mini-

NOTE: If some slight discoloration is observed, additignal expo-
sure to the maximum temperature may be desirable, to determine
whether further darkening of the fluid, to the point whergreadabil-

the wirmdow:

29

1Ty 1S arrected, WIII OCCUr.
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MANDATORY APPENDIX I
GAUGES USED ON REGULATORS

This Mardatory Apperdtix ts-imtended toemptastze—t=2:26Hetpfuttnformatiom:—Sectior 7 contatrs plp-

and sugjplement the recommendations contained in this
Standard and to guide personnel specifying and install-
ing gauges used on regulators for oxy-fuel gas welding,
cutting and allied processes. It should not be assumed
that ev¢ry test or safety procedure or method, precau-
tion, equipment, or device is contained in this
Mandafory Appendix, or that abnormal or unusual cir-
cumstahces may not warrant suggesting further require-
ments dr additional procedures.

-1 SCOPE

This Mandatory Appendix is intended to emphasize
those p4rts of this Standard that are applicable to gauges
commohly used on regulators for oxy-fuel gas welding,
cutting {and allied processes and to provide specific con-
sideratipns for gauge dial printing (marking) and gauge
installafion.

11-2 RECOMMENDATIONS
1I-2.1 General References

Gauges used on regulators for oxy-fuel gas.welding,
cutting{and allied processes are to be governed by the
recomnjendations of this Standard.

To fa¢ilitate the use of this Standardfreferences have
been mhde to specific sections and-paragraphs.

1I-2.2 General Contents

11-2.R.1 Basic Terms. ®Basic terms and definitions

are outlined in section 2

11-2.p.2 General'Requirements. General require-
ments afre provided-in section 3. Gauges used on regula-
tors are| usually Size 1% in., 2 in., and 2% in., mounted
by the ptemr (socket), and have open front cases with
pressurg telief. They shall be grade B accuracy or better.

ful information relative to ordering gauges, related stan-
dards, and conversion factors.

1I-2.3 Gauges Used on Regulators

The following references to specifie paragraphs of this
Standard apply to gauges used on regulatprs.
Appropriate additional considerations are discussef.

II-2.3.1 Sizes. See para:‘3.1. The nominal gajuge
sizes are 1Y% in., 2 in7Dand 2% in. for regulator
applications.

1I-2.3.2 Ranges. ~See para. 3.2. Common ranged for
gauges used _©On) regulators are listed in Table II-1 by
customary“anits and the corresponding SI uhits
(rounded-to a maximum of two significant figures)

It is recommended that no larger graduations than
theseshown in Table II-1 be printed (marked) on|the
gauge dial. The spacing and displaying of the numejrals
marked on the gauge dial may vary for aesthetic reaspns,
provided that at least three numerals are displayed.

1I-2.3.3 Cases. See paras. 3.3.1 and 4.3.8. The cases
commonly used for regulator gauge applications|are
open front with pressure relief. Figure 6 and paras. 3.4.1.1
and 3.3.1.4 outline case construction.

1I-2.3.4 Dials. See para. 3.3.2.

11-2.3.4.1 Recommended units of measure|for
gauges used on regulators are kPa and psi (psig) pre-
sented together (dual scale).

1I-2.3.4.2  Paragraphs 3.3.2.3 through 3.3.2.5|are
applicable. Scale graduations on gauges installed on|the
output side of acetylene regulators are usually restri¢ted
to 15 psi, with the scale red-lined above 15 psi.

1I-2.3.4.3  Dials used on regulator gauges haying
ranges greater than 1,000 psi usually contain a UL lisfing

11-2.2.3 Safety Considerations. Safety considera-
tions are discussed in section 4.

1I-2.2.4 Cleanliness Levels. Cleanliness levels are
detailed in section 5. Gauges used on oxygen regulators
shall have cleanliness equivalent to Level IV.

11-2.2.5 Testing Standards and Procedures. Pressure
gauge testing standards and procedures are discussed
in section 6. Additional information is outlined in
Mandatory Appendix I.

mark. The UL listing mark indicates that the gauge
design complies with Underwriters Laboratories Safety
Standard UL 404 and gauges bearing the listing mark
are subject to UL follow-up procedures.

1I-2.3.5 Pointer Length. See para. 3.3.3.

11-2.3.6 Pressure Connection. See para. 3.3.5.
Gauges used on regulators are stem mounted and have
% in. 27 NPT or % in. 18 NPT taper pipe threads, per
ANSI B1.20.1.
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Table II-1 Ranges

Customary Units, psi S| Units, kPa
Smallest Smallest
Range Graduation Numerals Range Graduation Numerals
0/15 0.5 3.0 0/100 2.0 20
0/30 1.0 5.0 0/200 5.0 50
0/50 1.0 10 0/350 10 50
0/60 2.0 10 0/400 10 100
0/100 2.0 20 0/700 20 100
0/150 5.0 30 0/1 000 20 200
0/160 5.0 20 0/1 100 20 200
0/200 5.0 40 0/1 400 50 200
0/300 10 50 0/2 000 50 500
0/400 10 50 0/2 800 100 400
0/500 10 100 0/3 500 100 500
0/600 20 100 0/4 000 100 1000
0/1,000 20 200 0/7 000 200 1000
0/1,500 50 300 0/10 000 200 2 000
0/2,000 50 400 0/14 000 500 2000
0/3,000 100 500 0/20 000 500 5000
0/4,000 100 500 0/28 000 1000 4 000
0/5,000 100 1,000 0/35 000 1000 5000
0/6,000 200 1,000 0/40.000 1000 10 000
0/7,500 200 1,000 0/501000 1000 10 000
0/10,000 200 2,000 0/70 000 2000 10 000
1-2.3.7 Windows. See para. 3.3.8. Plastic,windows  11-3 INSTALLATION
are|most commonly used on regulator gauges.
Y graor &% I1-3.1 References
I-2.3.8 Accuracy. See para. 3.4.\Gauges shall. have This section is limited to the installation of gquges on
an accuracy Qf Gr.adeB.orb.etter (seeTable 1). Applicable regulators, as used for oxy-fuel gas welding, |cutting,
parpgraphs in this section inclide? 3.4.1, 3.4.1.1, 3.4.1.2, and allied processes. The installation and operation of
3.44.6,34.19, 34.110, and@ 41.12. regulators may be found in manufacturer’s instruction
1-2.3.9 Safety. Seesection 4. Personnel specifying manuals or handbooks, in the Occupational Safety and
and installing pressure gauges used on oxy-fuel gas Health Standards ff’r Inhdustry .(29 (l:FR, P..art 191f0),
regllators should béeome familiar with the material pre- Subpart. Q, and in the National Institute for
sented in this séction. Occupafﬂonal Safety and Health (NIQSH), Saﬁ?ty.and
Health in Arc Welding and Gas Welding and (utting.
-2.3.10.Cleanliness. See section 5. Gauges used on
oxylgentegulators shall comply with cleanliness Level IV 1I-3.2 General Precautions
or better:

Oxygen and hydrocarbons (oil and grease are com-

11-2.3.11 Acetylene. See para. 4.3.8.2.

11-2.3.12 Pressure Gauge Testing. See section 6. The
pressure medium used for testing shall maintain the
required cleanliness level of the gauge under calibration
or calibration verification. The dead-ended pressure ele-
ment assembly of regulator gauges cannot be reliably
cleaned once contaminated. Gauges contaminated with
hydrocarbon pressure media shall not be used on oxygen
regulators.
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mon hydrocarbons) under certain conditions can react
violently, resulting in explosions, fire, and damage and
injury to personnel and property. Never allow oil or
grease to come into contact with any external or internal
part of the threaded fitting or internal portion of the
pressure element assembly of oxygen gauges. Even a
minute amount of hydrocarbon can be hazardous in the
presence of oxygen.

Regulator gauges should be installed or replaced only
by skilled personnel who have been properly instructed.
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11-3.3 Installation Precautions

DO maintain the pressure element assembly and connection
cleanliness level required for the intended application.

DO refer to the manufacturer’s instruction manual for the
correct pressure ranges to be used.

DO use the wrench flats provided on the gauge connection
and the proper size wrench to secure the gauge to the regulator.

DO use only the thread sealant recommended by the regulator
manufacturer for the spec1f1c appllcatlon

DO NOF-in a : :
port on 2 regulator.

DO NOT use the gauge case for wrenching.

DO NPT interchange gauges from one gas application to
another.
DO NOT exchange gauges from one regulator to another.

DO NOT conduct calibration verification using air from shop
air lines/] oil, or a contaminated pressure source.

DO NOT remove the restrictor installed in the gauge connec-
tion. Thd restrictor limits gas flow and aids in limiting tempera-
ture rise|due to adiabatic compression.

peration Precautions

gees can fail during operation and the energy con-
compressed gases can produce violent effects

DO stqnd with the cylinder between yourself and the regulator
(cylindey valve outlet facing away) when opening the cylinder
valve.

DO repd CGA Safety Bulletin SB-8, Use of Oxy-Fuel Gas
Welding|and Cutting Apparatus.

DO NOT stand in front of or behind the pressure gauges wlien
applying cylinder pressure to the regulator. This will,redtce
the possjbility of injury from flying parts should the _pressure
element pssembly rupture.

DO NOT operate regulators without eye protection.

II-4 Referenced Documents

The edition bearing the latest date of issuance shall
be used.

ASME B1.20.1, Pipe Threads, General Purpose, (Inch)
(Except Dryseal)

Publisher: The American Society of Mechanical
Engineers (ASME) Two Park Avenue, New York, NY

CGA E-4 Regulator Pressure Gauges
CGA TB8 Use of Oxy-Fuel Gas Welding. and Cut
Apparatus, Technical Bulletin

ing

A),
VA

Publisher: Compressed Gas Association, Inc. (CC
14501 George Carter Way, Stite 103, Chantilly,
20151 (www.cganet.com)

NIOSH Publication No(78-138, Safety and Health in
Arc Welding and Gas"Welding and Cutting

29 CFR, Part 1910/Subpart Q, National Institute
Occupational Safety and Health. (NIOSH), Safety
Health in Axc Welding and Gas Welding and Cutfing

Publishet: Department of Health, Education and
Welfare; Public Health Service, National Instifute
of @ccupational Safety and Health, Robert A. [[aft
Laboratories, 4676 Columbia Parkway, Cincinrfati,
OH 45226 (www.cdc.gov/niosh)

for
hnd

UL 404, Gauges, Indicating Pressure, for Compregsed
Gas Service

Publisher: Underwriters Laboratories, Inc. (UL), 333
Pfingsten Road, Northbrook, IL 60062-2096
(www.ul.com)
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MANDATORY APPENDIX IlI
SUPPLEMENTAL REQUIREMENTS

The following supplementary requirements established for naval shipboard application shall apply when specified in the contract or

GENERAL REQUIREMENTS

.1 Gauge Sizes

laval hardened gauges are limited to these five nomi-

I1I-2.2.1 Positive Pressure. Table HI-1‘shows the
ranges and range designators for generalpurpose posi-
tivg pressure gauges.

I{I-2.2.2 Negative Pressure:” ‘Fable I1I-2 shows the
ranjges and range designators for negative (vacuum)
prepsure gauges.

1I-2.2.3 Compound.Pressure. Table III-3 shows the
ranges and range designators for general purpose com-
poynd pressure(gauges.

11-2.2.4 <Refrigerant Pressure. Table IlI-4 shows the
ranges and '‘range designators for refrigerant pressure

gayges.

purchase order. When there is conflict between the Standard (ASME B40.1) and

Indicating, for new ship construction.

this supplement, the requirements of this supplement
en percede ges, Pre g, Dial

Table IlI-1 Positive Pressure Range Desigpators

Positive Pressure,

lb/in.? Range [esignator

0/15 5P
0/30 oP
0/60 bOP
0/100 LhP
0/160 160P
0/200 PhP
0/390. hP
0/400 LhP
0/600 bhP
0/800 BhP
0/1,000 LkP
0/1,500 1bhP
0/2,000 PkP
0/3,000 BkP
0/5,000 bkP
0/8,000 BkP
0/10,000 1pkP

GENERAL NOTES:

(@) Gauge pressure ranges from 0/15 to 0/1,000 are applicable to
both simplex and duplex indicators.

(b) Gauge pressure ranges from 0/1,500 to 0/10,000 are
ble to simplex only.

applica-

Table 1lI-2 Negative Pressure Range Designators

Negative Pressure,

in. Hg Vacuum Range Designator

0/30 v

I11-2.2.7 Caisson Pressure. Caisson gauges are

Ml-2.2.4.1 Gauge Scale. A separate temperature
degrees Fahrenheit (°F) equivalent scale in red printing,
in addition to the pressure scale in Ib/in.%, shall be
included. The type of refrigerant used with the pressure
gauge shall be marked on the dial (see para. I11-2.3.3.2).

IlI-2.2.5 Suppressed. Table III-5 shows the range
and range designator for suppressed pressure gauges.

ll1-2.2.6 Retard. Table III-6 shows the ranges and
range designators for retard pressure gauges.
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intended for use in submarine escape trunks and decom-
pression chambers. They shall have a dual scale with
the inner scale graduated in meters or feet of seawater
and the outer scale in Ib/in.? The gauge case shall be
open to the ambient pressure through a vent in the
bottom of the case. The vent shall be threaded to accept
a 7 in. NPT male fitting. Table III-7 shows the ranges
and range designators for caisson pressure gauges. Feet
shall indicate feet (depth) of seawater. One foot of seawa-
ter shall equal 0.4453 psi.
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Table IlI-3 Compound Pressure Range
Designators

Table IlI-7 Caisson Pressure Range Designators

Caisson Range Designator
Compound Pressure .
0/100 lb/in.” — 0/230 ft depth 1hK
Vacuum, Gauge Pressure, ) 0/200 Ib/in.2 = 0/450 ft depth 2hK
in. Hg lb/in. Range Designator 0/300 lb/in.2 - 0/675 ft depth 3hK
0/380 Ib/in.2 = 0/850 ft depth 380K
30 0/15 15C o
30 0/30 30C 0/380 lb/in.” — 0/900 ft depth 4hK
30 0/60 60C
30 0/100 hC -
30 0/150 150C lll-2.3 Construction
30 0/200 2hC lI-2.3.1 Case
30 0/300 3hC N
30 0/400 4hC IlI-2.3.1.1 Design. Pressure gauge Cases shal| be
30 0/600 6hC safety solid front. However, a nonsolid front is permifted
30 0/800 8hC for gauges with elastic element Style'D.(helical and heli-

Table IlI-4 Refrigerant Pressure Range

Designators
Ranges
Gauge
Vacuum, Pressure, Refrigerant Range
in. Hg lb/in.> Type Designator
30 0/30 R-11 Al1l
30 0/100 R-11 B11
30 0/150 R-11 C11
30 0/300 R-11 D11
30 0/100 R-12 E12
30 0/150 R-12 F12
30 0/300 R-12 G12
30 0/150 R-22 H22
30 0/300 R-22 22
30 0/30 R-114 K14
30 0/100 R-114 L14
30 0/150 R-134A M34
30 0/300 R-134A N34

Table IlI-5 Suppressed Pressure Range
Desighators

SuppJessed Pressure

Rdnge, Ib/in.? Range Designator

1,000/1,500 S

cal-spiral Bourdon tube). Cases, for hardened gayges
must withstand the demands of a'saltwater environnjent
and meet shock requiremefits./Cast iron, mild stee]l or
plastic (with the exception of the window) shall nof be
used. When used, alumintim per ASTM B26, ASTM B85,
and ASTM B209 shall be protected against corrosfon.
Case finish shalk’then include air dry primer and a gray
enamel finish{ coat in accordance with FED-STD-§95,
color 26307 Corrosion resisting steel (CRES) shall be
per ASTMNA167 Series 300 and ASTM A473 Series [300
when used. Cases shall be interchangeable for mounting
purposes with the case shown in Fig. III-1. Dimensjons
A3,vA4, A8, A10, A15, and A17 shall be critical dimen-
sions and shall be in accordance with Fig. III-1.

ll1-2.3.1.2 Mounting. Flush mounting kits shall be
provided with all pressure gauges. Material shall] be
CRES except steel may be used for the ring and clamping
ring. The maximum outside diameter of the flush
mounting rings shall overlap the panel hole by no more
than 0.25 in.

11I-2.3.2 Internal and Other Parts

llI-2.3.2.1 Welding or Nicrobrazing. Internal pyes-
sure containing parts shall be joined by welding or
nicrobrazing.

ll1-2.3.2.2 Materials. Wetted parts shall be nickel-
copper alloys. Wetted parts include any part that comes
in contact with the measured fluid, e.g., Bourdon tiibe,
stem, tail piece (see Fig. III-2), etc. Materials reafily
susceptible to sea water corrosion damage (for examjple,
brass, aluminum, beryllium copper, mild steel) shalllnot
be used for threaded fasteners or washers

Table IlI-6 Retard Pressure Range Designators

Retard
Gauge
Vacuum, Pressure, Range
in. Hg Ib/in.2 Expanded Portion Designator
e 0/30 0/10 R1
30 0/30 30 in. 0/5 lb/in.2 R2
30 0/150 30 in. 0/75 lb/in.? R3
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llI-2.3.2.3 O-Ring. O-rings shall be fluorocarbon
rubber in accordance with SAE-AMS 7259, hardness of
85 to 95 Durameter.

llI-2.3.3 Dials. Dials shall be designed to resist dam-
age from corrosion.

ll1-2.3.3.1 Units. The standard units for gauges
shall be Customary (English). Dual scale (Customary
and SI) may be used on all gauges except for Caisson
(see para. III-2.2.7) and Refrigeration (see para. 111-2.2.4),
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Fig. lll-1 _Case Design
Hole A10
(3 places) <\
120 deg
A15 \
Standoffs
(optional)
_ _ L ?
A A17
\ Alternate Back | .
& A 2 bottom 3= :l connection
A4 | connection B\ i
_ _ N T~ ]
{% N\ *;‘
i — N
S |
| |
Bottom \ e
connection —/__ \ n :__:
' —» A3
—»| A8 |=—
«—— A30 —>
Front Elevation Side View
Sizg/DIM A £ 0.1 Al + 00000~ 0.1 A3 +0.3 A4 + 0.3 A8 + 0.1 A10 + 0.01 A15 + 0.015 A17 + 0.050 A30
314 4.75 3.97 1.2 3.2 1.0 0.22 4.25 1.063 .54 — 4.0
41/; 5.80 5.00 1.2 3.8 1.0 0.22 5.375 1.625 .54 — 4.0
81> 10.25 8.97 1.2 5.8 1.0 0.28 9.625 3.625 .54 — 4.0

GENERAL NOTES:
(@
38— 414,
4%, — 5Y%,

For flush\mounting, standard panel hole diameters are:

1 29
S/rp——> 7 /32
(b) Dimensions are in inches.
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Table I1I-8

Pressure Connection Requirements and Applications

Pressure Connection Threads

Reference Intended Use

O-ring union %6 in. UNF-3A

Figs. 1lI-2 and III-3 For all applications,

except nuclear

Taper pipe thread (male) Y, in. 18 NPT ASME B1.20.1 For use in stem-mounted
pressure gauges with
ranges 0/100 lb/in.?
or below

Flareless fbite-type) 14 H—tubing; 7 2 0-UNE-2A SAE1024 Fornuclear-apphecatinns

6,000 psi

in orde
gauges
ings sh

IlI-2.3.3.2 Markings. Dial markings shall include

(a) tHe manufacturer’s name or trademark (or both)

(b) CAGE (Commercial and Government Entity) code

(c) PartIdentifying Number (PIN) (see para. III-6.2.1)

(d) NSN (National Stock Number), if assigned

(e) sgale graduations, numerals, and units of
graduafiions

(f) refrigerant gauges shall include the type refriger-
ant and| applicable temperature equivalent scale

F to permit transition to SI units. Refrigeration
that show both temperature and pressure read-
11 use Customary units for readability.

llI-2.3.4 Pointer. Indicating pointers shall be a non-
reflectiye black with white background dials or white
when djials have black backgrounds. The index pointer
shall b¢ a nonreflective red and shall be set off-scale
prior t¢ delivery. Duplex indicator pointers shall be
orange [left) and green (right).

llI-2.B.5 Pressure Connection. The pressureconnec-
tion shdll be in accordance with Table III-8. The O-ring
union cpnnection (see Figs. III-2 and IIl:3)\shall be sup-
plied upless otherwise specified and shall include the
threadefd end, union nut, tail piece, and O-ring.

-
ble con:

1lI-2.3.5.2 Type of Connection. Threads shall be in
accordance with Table 1II-8. Tapered threads shall not
be used| except orx2un. and 21/2 in., dial sizes for ranges
0/100 1b/in.? otbelow.

I11-2{3.6-Windows. Windows shall be fabricated
from scfatch-resistant thermoplastic in accordance with

.3.5.1 Location. Table\HH-9 lists the four possi-
hection locations.

oxygen service (see para. III-7.8). Naval pressure gatges
(especially the wetted parts) shall be free of loose sdale,
rust, grit, filings, mercury, calibration-liquids, oil, grepse,
solvents, and other organic matefials.

llI-3.2 Packaging

Unless special packaging is specified, gauges shall be
bagged and boxed ifn accordance with ASTM D395]1.

lll-4 VERIFICATION
lll-4.1 Responsibility for Inspection

Unless.otherwise specified in the contract or purchase
orderthe manufacturer is responsible for the perform-
ance of all inspection requirements as specified hetein.
Except as otherwise specified in the contract or purchase
order, the manufacturer may use his own or any other
facilities suitable for the performance of the inspection
requirements specified herein, unless disapproved by
the purchaser. The purchaser reserves the right to per-
form any of the inspections set forth in the standard
where such inspections are deemed necessary to engure
supplies and services conform to prescriped
requirements.

lll-4.1.1 Responsibility for Compliance. All items
shall meet all requirements of section III-5. The inspec-
tion set forth in this specification shall become a paft of
the manufacturer’s overall inspection system or qudlity
program. The absence of any inspection requireménts
in this specification shall not relieve the manufactpirer
of the responsibility of assuring that all product§ or
supplies submitted to the purchaser for acceptance cpm-
ply with all requirements of the contract. Sampling
inspection, as part of the manufacturing operations, is

ASTM D788.

llI-2.3.7 Maximum Stop. Gauges shall incorporate
a maximum stop (see para. 3.3.7.1).

11I-3 CLEANLINESS AND PACKAGING
1I-3.1 Wetted Parts Cleanliness

Naval hardened gauges shall meet Cleanliness
Level IV (see Table 2) for all applications except for
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an acceptable practice to ascertain conformance to
requirements, however this does not authorize submis-
sion of known defective material, either indicated or
actual, nor does it commit the purchaser to accept defec-
tive material.

lll-4.2 Classification of Inspections

111-4.2.1 Qualification Inspection. Qualification
inspection shall be performed and passed prior to pro-
duction. Qualification inspection shall be performed on
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Fig. Ill-2 O-Ring Union Assembly

>l |~ 0.07070.903 11-X-0.003 TIR

<— 7/16 —>
0316 |«
dia. See O-ring —> 0.140*3885

e groove detail :

0 T¢(

A A

0.003

0.497 +0-000 — 0.252 5000
~77-0.003 dia. 0.000
0-Ring Detail dia. A 0.390 5662

Y
+0.003 g
0.093+0-093 dia.
0.005R max. —> <— 3/,6
| ©.@252, 0.093, 0.316, 0.497, 0.003 TIR

Tail Piece Detail

0.004
"‘ ~ 0-350 20.000
1a.
5 deg +0 deg éz

-5deg typ

Threaded end \
Union nut\ \

Tail/piece

0-Ring Union Assembly 0-Ring Groove Detail

GENERAL NOTE: Dimensions are in inches.
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Fig. -3 O-Ring Union Nut/Threaded End Detail

Minimum effective

thread 7/37 —»|

1/30 x 45 deg ~

0.005R —

e

9/46 in. 18 UNF-3B
Y

| -X- 0.003TIR

|© 0.395 0.003TIR

-

|

_X—

Union

15 deg both ends

0.002
0.395%5°600

dia.

Nut Detail

0.005
<—0.100*§-99%

—| ©) 0.484 &0.093 dia., 0.003 TIR

0.000
0.31625 003
dia.

45 deg *5 deg

—>

+0.015

0.083 5000

0.015R

9/46 i=18 UNF-3A

722

y O\

1
1

0.002
0.4%_34 j0.003
dia.

1/16 X 45 deg *5 deg

| 0.484 dia. 0.003 TIR

o
/
|_

-1

GENERAL NOTE:

Dimensions are in inches.
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11/3210.

0.015
0.0_16Fs’ *6°000
dia.
015

- 11/16 hex —»
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Table 1lI-9 Gauge Connection Positions

Case Bottom Lower Back Center Back 5 O’clock Position
Flush/surface-mounted X X X
Caisson X ...
Stem-mounted X X

Table T-10 Inspecflon Requnemenfs MM-5  TEST PROCEDURES AND REQUIREMEN[TS

Inspection Qualification Conformance

Examination

Accyracy

Frictjon error

Repeatability

Inclipation

Pregsure integrity

Temperature

Salt|spray

Loaq test

Predsure cycling

Elasfic element or joining
mleans failure

Vibrption

Shofk

Cas¢ pressure relief

> X X X X X X X X X X X
X X X X

> X

ples which have been produced with equipment and
edures normally used in production and shall.¢on-
sist|of the examination and tests specified in Table H1-10.

I11-4.2.1.1 Sample Size. Two gaugesof each
dedign, size, range, and elastic element-style shall be
subjjected to the qualification inspection.

11-4.2.2 Conformance Inspection. Conformance
inspection shall be performed at the place of manufac-
turp. Each gauge shall be subjected to conformance
inspection which consists“ef-the examination and tests
sperified in Table III-10:

11-4.2.3 Acceptance Criteria. If any gauge sample
failp to meet the¢ conformance inspection requirements
of Table III-19,~no gauges shall be accepted until the
mahufactutet/has determined the cause of the defect
and has-taken the necessary action to correct or eliminate
the[defeet from each gauge in the lot. The failed test shall
be ePeatectocemonstratetis e ecttve-acttorivt
enable the gauges to conform to the requirements of this
specification. In addition, the results of previous tests
may be deemed invalid, unless the manufacturer can
prove to the satisfaction of the purchaser that such test
would not be adversely impacted by the corrective
action.

llI-4.2.3.1 Lot. A lot consists of all gauges of the
same part identification number that are manufactured
at one time.
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11I-5.1 Examination

Gauges shall be examined to determine/that the mate-

rial, finish, workmanship, construction, as

sembly,

dimensions, and markings conform to this Stapdard.

11-5.2 Accuracy

Accuracy shall begtésted in accordang
para. 6.2.4.1. Accuraey.for 3%, 4%, and 8% shd
accordance with therequirements of Table 1, 4
Grade 1A. Accufacy for 2 and 2% shall be in acc
with the requirements of Table 1, accuracy Graj

111-5.3 Friction Error

Friction error shall be tested in accordance w
6.24.1. The friction error shall not exceed %%
for ranges above 0/60 Ib/ in.% for ranges 0/6(
and below, the friction error shall not exceed 1%

llI-5.4 Repeatability

Repeatability shall be tested in accordance w
6.2.4.2. Repeatability requirements shall be with
of span.

1I-5.5 Inclination

Pressure gauges shall be pressurized so {
pointer is in a vertical position. The sample
positioned so that the dial faces the operator. Thg
shall then be inclined 60 deg to the right, left, fr
back. The sample shall remain at each of these
positions for at least 1 min. Maximum deviatiog
indication shall be within half of the specified 4
except for ranges 0/100 psi and below, which
within twice the specified accuracy.

I-5.6 Temperature

e with
111 be in
ccuracy
prdance
de B.

th para.
of span

Ib/in.2
of span.

th para.

in il/z“yo

hat the
shall be
sample
bnt, and
inclined
n of the
ccuracy
shall be

error shall be tested in accordance

Ot

erature

with pra. 1-2.2 except

for the manufacturers recommended high temperature;

high temperature shall be 145°F for all testing
conclusion of the test, accuracy shall be in acc
with Table 1, accuracy Grade 1A.

11l-5.6.2 Low Temperature Error.
error shall be tested in accordance with para. I-2.

. At the
ordance

Low temperature

3 except

for the manufacturer’s recommended low temperature.

Low temperature shall be 40°F for all testing.

At the
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conclusion of the test, accuracy shall be in accordance
with para. III-5.2.

II-5.7 Shock

Pressure gauges shall be subjected to a shock test in
accordance with MIL-5-901, Grade A, Class I, except for
duplex pressure gauges, which shall be Grade B. All
pressure gauges shall be sub]ected to nine blows Flush—

ona 6D 1 adapter plate except the plate shall be l/4 in., in
thicknegs to simulate the more rigid instrument boards
installedl in submarines. Stem-mounted pressure gauges
(i.e., 2 in. and 2% in., dial size) shall be mounted on a
4C-2 adppter plate. The pressure gauge shall be mounted
not less than 3 in. from the sides or rear of the adapter
plate. Fpr each classification of flush-/surface-mounted
pressurf gauge samples submitted, one pressure gauge
sample|shall be secured to the adapter plate in a flush-
mounted configuration and the other pressure gauge
sample n a surface-mounted configuration. Throughout
this tesf, the pressure gauge(s) shall be pressurized to
mid-spqn.

-5
Above.

7.1 Requirements for Ranges 0/60 Ilb/in.? and
The pressure gauge shall show no evidence of
improppr operation, failure, or damage. A shift in the
pointer [indication shall not exceed 5 times the specified
accuracly. The red index shall not shift during the shock
test. The accuracy, after a zero adjustment is made, shall
meet thle requirements of para. III-5.2.

-5
Below.
improp
pointer

7.2 Requirements for Ranges 0/30 lb/in,? and
The pressure gauge shall show no evidence of
br operation, failure, or damage. A shift in the
indication shall not exceed +25% of span. The
red ind¢x shall not shift during the shock:test. The accu-
racy affer a zero adjustment is made’ shall meet the
requirements of para. III-5.2.

1-5.8

Presspire gauges shallybe' subjected to salt spray tests
in accofdance with ASTM B117. The test(s) shall have
a duratjon of 96 i The pressure connection shall be
sealed fo prevent penetration into the elastic element.
The prgssure‘gauge shall show no evidence of visible
corrosignyer-other damage, or exhibit improper opera-

Balt Spray

I11-5.10 Vibration

Flush- and surface-mounted gauges shall be vibration
tested in accordance with para. I-2.5. Stem-mounted
gauges shall be tested in accordance with Table III-11.
The red index pointer shall not shift during the test.
Total pointer oscillation shall not exceed +5% of span
(10% of span for ranges 0/100 Ib/in.? and below), peak-
to- peak at any test frequency At the conclusmn of the

3 —shra retar orra b.2.

llI-5.11 Pressure Cycling

Testing shall be in accordance with para. 12,4 Fatigue
error shall not exceed 3 times the specified accuracy.
leakage is permitted.

The pressure cycling test shall bé performed using a
pressure cycler that shall subjectythe pressure gaugp to
the following criteria:

(a) A cycle from 20% = 4%to 80% = 4% of span|
pressure ranges 0/3,000 b7/in.” and below. A cycle f
40% + 4% to 60% = 4% of span for pressure rar
0/5,000 1b/in.? andrabove.

(b) Unless otlerwise specified, within a frequency of
0.5 Hz through !5 Hz when cycling only gauge presgure
(no vacuum ‘portion).

(c) A.tetal of 260,000 cycles for pressure raniges
0/3,000 1b/in.? and below and a total of 50,000 cykles
for\pressure ranges 0/5,000 Ib/in.? and above.

(d) The application and release of pressure shal| be
as smooth as practicable, so as not to subject the presgure
gauge pressure element assembly and movemenit to
excessive upscale or downscale accelerations or high
amplitude impulse (pressure spikes).

(e) Suitable fluid shall be used to cycle presgure
gauges with ranges greater than 0/200 1b/in.?

A reference measurement shall be performed after| the
conclusion of the test. The pressure gauge shall show
no evidence of improper operation, failure, or damage.
A reference measurement shall be within +3 times|the
specified accuracy but not more than 6% of span.

for
fom
ges

llI-5.12 Elastic Element or Joining Means Failure

Nonsolid front gauges with ranges 0/60 1b/in.? pnd
above shall be subjected to the internal explosion |test
as specified in UL 404 for each unique case design. [The
pressure relief device shall successfully relieve the pjres-
sure from the case without causing a failure in either

the case or the window.

t' A i R I | 4l .52
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I1I-5.9 Load

The load test shall only be performed on stem-
mounted pressure gauges. The pressure gauge shall be
threaded into a plate and securely held in place. A con-
stant load of 150 lb shall be applied to the pressure
gauge case as shown on Fig. IlI-4 for 5 min. At the
conclusion of the test, accuracy shall be in accordance
with para. III-5.2.

40

llI-5.13 Case Pressure Relief

The case pressure relief test shall be performed in
accordance with para. I-2.7.2.
l-5.14 Pressure Integrity’

The pressure gauge shall be pressurized to the maxi-
mum scale value and sealed for 5 min and a reference

! Some of the text was taken from MIL-G-18997E, paras. 4.4.4
and 3.4.4 and Table XVIIL
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Fig. lll-4 Load Test
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Table IlI-11 Stem-Mounted Gauge Vibration

Table Displacement, in. (Peak-to-Peak)

Frequency Range,
Hz (Inclusive)

Exploratory Test

Variable Frequency Test

5to 20 0.0200 = 0.0040 0.060 + 0.012
21to 50 0.0100 + 0.0020 0.040 + 0.008
51 to 100 0.0050 + 0.0010 0.020 + 0.004

101 to 200 0.0010 = 0.0002 0.004 + 0.001

Table IlI-12 Conditions for Pressure

Integrity Testing
Range Test Pressure
All range Under pressure to equivalent of
1 bar (29 in. Hg) vacuum

Up to andl including 1.50 times maximum scale value

1,500 psi (103.41 bar)
Above 1,500 psi (103.41 bar) 1.15 times maximum scale value

up to gnd including

5,000 psi (344.74 bar)
Above 5,000 psi (344.74 bar) Maximum scale value
measutement shall then be performed. The pressure
gauge pressure element assembly shall show no evi-
dence df leakage, and there shall be no downscale shift

in the pointer position.

Accufacy and friction error shall meet the require-
ments g¢f para. III-5.2. If the pressure gauge meets the
requirefnents specified, the gauge shall then be subjected
to each| of the applicable test conditions specified in
Table IIf-12 for 1 hr. A reference measurement$hall be
perfornjed after each applicable test condition, $pecified
in Tabl¢ III-12. The pressure gauge shall\be-exposed to
the pregsure conditions without damage;or a change in
accuracy exceeding that specified in para. I1I-5.2.

-6
l-6.1

Wher} specifying agauge for acquisition, the following

RDERING PARAMETERS

cquisition Requirements

(c)

(b) dial size and case design

(c) elastic element style

(d) dial color

(e) pressure connection and connection location
(f) liquid fill case fluid and cleanliness

(¢) dial range

llI-6.2.1 Part Identifying'Number (PIN) Format. [The
PIN to be used for itemis~gcquired to this supplenpent
are created as shown i Table III-13.

IlI-6.2.2 Design.~ Pressure gauge design is desig-
nated by one ©ofithe following symbols:

Pressure Gauge

Design Symbol
Simplex S
Caisson K
Oxygen X
Duplex D

11I-6.2.3 Dial Size and Case Design. The dial
and case design is designated by one of the follow
symbols:

Eize

ing

Size Case Design Symbol
2 Stem mounted 1
2% Stem mounted 2
3% Flush/surface mounted 3
4% Flush/surface mounted 4
8% Flush/surface mounted 8

111-6.2.4 Elastic Element. The elastic element is dles-

ignated as shown below.

shall be provideds Elastic Element Style Symbol
(a) tifle, number, and date of this supplement C-type Bourdon tube C
(b) Part Identifying Number (PIN) Helical (also helical-spiral) Bour- D
én-qualification is required don tube
. . . R C-type, or helical — manufacturer N
(d) spectatdiat marking, wher Tequired T
option

(e) National Stock Number (NSN), if available
(f) special dial color, when required
llI-6.2 Part Identifying Number (PIN) Parameters

Hardened pressure gauges are classified according to
the following variables:
(a) design

2 Table III-12 was taken from MIL-G-18997E, Table XVIIL
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ll1-6.2.5 Dial Color. The color of the dial is desig-
nated by one of the following symbols:

Dial Color Symbol
Black background dial with white gradua- B
tions and markings
White background dial with black gradua- \4%
tions and markings
Special S
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Table 11I-13 Part Identifying Number (PIN)

B40.1 C1 C 1 C w RA NG 3P
Precedes Design Dial Size Elastic Dial color Pressure connection Liquid fill Dial range

classifica- and element and Connection case

tion Case style location fluid

(Appendix Design and

C to B40.1) Cleanliness

GEI\IEDI\I NOTE. E. amp'n B0 1 C1 . CICWDANCID

11-6.2.6 Pressure Connection and Connection Table 1lI-14 Oxygen Service Ranges
Lp tion. The type qf pressure connection and its loca- Ranges, [b/in.2 Range Designator
tionp for connection is designated by two symbols as
provided below. The first symbol designates the type of 0/100 Ihx
connection fitting. The second symbol designates the 0/3,000 Jrx
location of the pressure connection. 0/5,000 X
Pressure Connection Symbol

O-ring union R llI-7.2 Dial

Y NPT (male) P . . .

Welded nipple W Dial marking$.shall include the words “OXYGEN

Threaded vent (caisson only) K CLEAN — USE'NO OIL” in red printing, when| oxygen

Flareless (bite type) %¢ in. 20 UNF-2A C application ‘designated.

111-7.3\Pressure Connection

Connection Location Symbol Pressure connection shall be a Monel (per ASTM B 127,
Back A B164, and B 564) pipe nipple,  in., nominal ipe size
Bottom o (NPS) with 0.109 in., minimum wall thickness, 6 in.,
5 o’clock C long, welded to the socket. Connection location|shall be
he 1 f th .
|l1-6.2.7 Liquid Fill Case Fluid and Cleanliness.- Lig- at the lower back or bottom of the case
uid|fill applies to stem-mounted gauges only. Theoption  |1I-7.4 Ranges

for [the pressure gauge case containing a liquid fill and
the| cleanliness is designated by the two\symbols as
provided below. The first symbol designates whether a
fill fluid is required. The second symbol designates the I11-7.5 Internal Dimensions
clegnliness.

Table I1I-14 shows the ranges and range desjgnators
for oxygen gauges.

Pressure gauges designated for oxygen servjce shall

Liquid Fill (stem mount have a minimum internal dimensions throughout the
only) Symbol pressure element assembly of not less than 0.025 in. to
None N promote cleaning.
Glycerine G

l-7.6 Liquid-Filled Gauges

Cleanliness Symbol Liquid-filled gauges shall not be used on oxygen sys-
tems, and shall have a warning label on the regr of the

General G .
Oxygen X case that states:
WARNING: DO NOT USE ON OXYGEN
11:6:2.8 Ranges. The range is designated by a SYSTEMS — LIQUID FILLED.
sequence of symbols (see para. III-2.2). Special ranges are .
permissible. The range designator shall be constructed in ~ 1lI-7.7 Quality Control
accordance with the formats as shown in Tables III-1 Oxygen service gauges shall not be examined on a
through III-4. sampling basis. One-hundred percent (100%) of all oxy-
gen service gauges shall be examined for cleanliness,
-7 OXYGEN PRESSURE GAUGES marking, and packaging.
lll-7.1 Case lll-7.8 Cleaning
Stem-mounted cases are not permitted. Joints shall be Cleaning for oxygen service gauges shall be per
welded for all ranges. MIL-STD-1330.
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lI-7.9 Qualification and Conformance Inspection

Qualification and conformance inspections shall be
performed in accordance with para. III-4.2.

I-8 REFERENCED DOCUMENTS

The following is a list of publications referenced in
this Mandatory Appendix.

ASTM D3951, Practice for Commercial Packaging

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

FED-STD-595, Standard Practice for Precision Cleaning
and Testing of Shipboard Oxygen, Helium, Helium-
Oxygen, Nitrogen, and Hydrogen System

ASME tl.ZO.l, Pipe Threads, General Purpose (Inch)

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York, NY
1001¢; Order Department: 22 Law Drive, PO. Box
2900, |Fairfield, NJ 07007-2900 (www.asme.org)

ASTM [A167, Specification for Stainless and Heat-
Resigting Chromium-Nickel Steel Plate Sheet, and
Strip

ASTM
Resis

A473, Specification for Stainless and Heat-
ing Steel Forgings

ASTM B26, Specification for Aluminum-Alloy Sand
Castihgs

ASTM B85, Specification for Aluminum-Alloy Die
Castihgs

ASTM B117, Practice for Operating Salt Spray (Fog)
Appdratus

ASTM B127, Specification for Nickel-Copper Alloy

(UNY N04400) Plate, Sheet, and Strip
ASTM B164, Specification for Nickel-Copper Alloy Rod,
Bar, gnd Wire
B209, Specification for Aluminum afd
Alunjinum-Alloy Sheet and Plate
B564, Specification for Nickel Alloy Forgings
D788, Classification System for Poly/(Methyl
acrylate) (PMMA) Molding and-Extrusion
Compounds

MIL-5-907, Shock Tests, High Impact, Shipbolrd
Machinery, Equipment and Systems Requirements
MIL-STD-1330, Standard Practice for PrecisipniClear)ing
and Testing of Shipboard Oxygen, Heliunmy, Helifim-
Oxygen, Nitrogen and Hydrogen Systems
Publisher: Federal specifications_available from:
Superintendent of Documents; U.S. Governmjent
Printing Office (GPO), 732 N./Capitol Street, NW,
Washington, DC 2040{{(www.gpoaccess.gpv/
index.html)

SAE AMS 7259, Ringsy Sealings, Fluorocarbon (FKM)
Rubber High-Temperature-Fluid Resistant Very-LLow
Compression Gét 85 to 95

SAE J 1926,.Connections for General Use and Fluid
Power Ports and Stud Ends with ISO 725 Threads
and O:Ring Sealing — Part 1: Threaded Port with
O-Ring Seal in Truncated Housing

Publisher: Society of Automotive Engineers (§
International), 400 Commonwealth Dr
Warrendale, PA 15096 (www.sae.org)

UL 404, Underwriters Laboratory Standard for Safety
Gauges, Indicating Pressure, for Compressed {Gas
Service

Publisher: Underwriters Laboratories, Inc. (L),
333 Pfingsten Road, Northbrook, IL 60062-2096
(www.ul.com)

AE
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DIAPHRAGM SEALS

1 SCOPE

tomackhoni o]

connection, instrument: a pressure connection in the
upper housing to which the pressure instrument is

This

A
tOTHRECHOTHCaTSCP

rators ytilizing diaphragms or bladders together with a
fill fluidl to transmit pressure from the medium to the
pressurg element assembly of pressure gauges or other
pressurg measuring instruments such as transducers,
transmiftters, and switches.

It dops not include diaphragm actuated pressure
instruments that employ mechanical linkages to trans-
mit the] applied pressure or other separation devices

designed to protect the pressure element assembly.

2 DIAPHRAGM SEAL

2.1 Tenminology and Definitions

accuracy: the conformity of an instrument’s performance
to an|accepted standard or true value [see
para. 2.10.4.2(a)].

capsule:Jan all-welded diaphragm assembly that threads
into thd upper housing (see Fig. 3).

chemical seal: see diaphragm seal.

coefficieft of thermal expansion: volumetric change per unit
of voliime per unit of temperature change, [see
paras. 4.5.2.5 and 2.5.1.1(a)].

cold flog: a physical change in the shape of a part at
room temperature due to applied forces (see para. 2.4.3).

compres
being r¢
paras. 2

bibility: the property of a substance capable of
duced in volume by application of pressure [see
.5.2.10 and 2.5.1.1(f)].

connectipn: see mountinge

connectipn, butt welded=the lower housing is butt welded
directly| to the process’line [see para. 2.3.10.3(c)].

connectipn, fill/bléed: a connection in the upper housing
used fof filling the seal or bleeding excess fill fluid (see
para. 2.B.8):

attached (see para. 2.3.9).

Hed
red
[see

connection, saddle: the lower housing is fillet wel
within a hole cut in the process line or may be“secy
by a saddle adapter welded onto the process line

paras. 2.3.10.3(e) and (f)].

connection sleeve: a type of in-line (flow through) confec-
tion [see para. 2.3.10.3(f)].

connection, socket welded: a lower housing socket welfed
directly to the process linesee para. 2.3.10.3(d)].

connection, threaded: the/lower housing is connectedl to
the process line using a threaded connection (see
para. 2.3.10.1),

continuous duty. see upper housing, continuous duty.
continugus,seal: see upper housing, continuous seal.

diaphvagm: the flexible component that separates|the

médium from the fill fluid (see para. 2.3.1).

diaphragm seal: a diaphragm seal is a mechanical sepfra-
tor using a diaphragm or bladder together with 4 fill
fluid to transmit pressure from the medium to the pjres-
sure element assembly. Other term used are chenfical
seal and gage isolator. This device is intended to Keep
the medium out of the pressure element assembly. [The
purpose of this device is to prevent damage from cojro-
sion or clogging, to maintain sanitary requirementp of
the medium or to reduce the process temperature to
which the pressure element assembly is exposed.

fill fluid: the liquid used to fill that portion of
pressure-sensing system between the diaphragm
the pressure-sensing element (see para. 2.5.1).

the
hnd

freeze point: the temperature at which a liquid and a splid

may be in equilibrium [see para. 2.5.1.1(g)].

flow through: see in-line.

gage isolator: a seal consisting of an elastomeric bladder

connection, flanged: a process connection using a flange
(see para. 2.3.10.2).

connection, flanged pressure class: common pipe flange
pressure classes that conform to pressure/temperature
ratings per ASME B16.5 (see para. 2.3.14).

connection, flushing: a connection that permits the user
to purge the volume below the diaphragm without
removing the entire seal from the process line (see
para. 2.3.11).
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installled within the connection of a pressure instrument
or in an adapter fitting (see para. 2.3.13).

guasket: a means used to seal joints exposed to the medium
or fill fluid (see para. 2.3.5).

head effect: a change of an instrument’s indication or
output when the elevation of the instrument is above
or below the seal (see para. 2.5.2.7).

in-line: a diaphragm seal installed directly in the process
flow line (see para. 2.3.10.3).
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long term stability (closed system): the resistance to decom-
position, physical disintegration, or other chemical
change over a long period of time [see paras. 2.5.2.4 and
2.5.1.1G)].

lower housing: the component connected to the process
line and wetted by the process fluid (see para. 2.3.3).

medium: the process fluid (gas or liquid).

mi

upper housing, noncontinuous duty: an upper housing that
does not prevent damage to the diaphragm or leaking
of the process fluid should the pressure instrument leak
or be removed (see para. 2.3.2.3).

upper housing, nonremovable: an upper housing that if
removed from the bottom housing with the instrument
installed, will result in the loss of fill fluid (see
para. 2.3.2.5).

7-hnu<i14g (cleanout ring)' the component located

betjveen the upper and lower housing (see para. 2.3.4).

predsure rating: the maximum operating pressure (see
parp. 2.3.14).

progess connection: a method for attaching or installing
a dlaphragm seal to a process line, tank, vessel, etc. (see
parp. 2.3.10).

rein
nor

forcing rings: rings that support clamping forces on
metallic lower housings (see para. 2.3.6).

sanftary seal: a quick disconnect type, where the upper
and lower housings are held together by a unique clamp,
pejmitting ease of dismantling and cleaning (see

parp. 2.3.12).

serqice temperature range: the high and low temperatures
betpveen which the fill fluid will remain serviceable [see
parp 2.5.1.1(b)].

speific gravity: the ratio of a fluid’s density to the density
of water at 4°C (39.2°F) [see paras. 2.5.2.7 and 2.5.1.1(c)].

spoptaneous ignition temperature: the temperature.at
which ignition can occur resulting from the generation
of |heat that cannot be readily dissipated” [see
parp. 2.5.1.1(1)].

temperature, ambient: the temperature of thé atmosphere
sufrounding the instrument/seal assembly (see
parp. 2.5.2.5).

temperature, process: the tempefrature of the medium at
the| pressure connection 6f the lower housing (see
parp. 2.5.2.5).

temiperature, storage: the extremes of temperature (high
and low) that the/instrument/seal will be exposed to
whpn not presstirized (see para. 2.5.2.6).

thetmal decofuposition point: the temperature at which
changes in\the chemical or physical characteristics of a
material-are initiated [see para. 2.5.1.1(h)].

upper housing, removable: an upper housing that{ may be
removed from the bottom housing with theé.insfrument
installed without loss of fill fluid (see para. 2.312.4).

vapor pressure: the pressure of the vapor in equjlibrium
with the liquid [see paras. 2.5.1.1(e)~and 2.5.2.9].

viscosity: the resistance that agaseous or liquid system
offers to flow when it is Subjected to a sheaf stress.
Also, known as flow resistance [see paras. 2.5/2.8 and
2.5.1.1(d)].

volumetric displacement: the volume of fill fluid d
by the movemerit of the diaphragm (see para.

splaced
D.6.1).

volumentric §pring rate: the flexibility of the diaphragm
(see para,2.6.1).

wetted sutface: the portions of the diaphragm geal that
aréexposed to the medium.

2.2 Mounting of Diaphragm Seals

The physical or “flow properties” of the medifim such
as listed below may determine the method of aftaching
or installing the diaphragm seal:

(a) the physical characteristics, i.e., a gas or

(b) the percentage of solids

(c) the melting and freezing point

(d) the effect of changes in process or ambient
atures on the viscosity

(e) the maximum and minimum temperatur¢s

(f) the maximum and minimum process pregsure

(g) the need to provide the capability to clean the
process piping

2.2.1 Threaded Connection. The most cpmmon
method for attaching or installing a diaphragm seal to
a process line, tank, or vessel is with a threaded|connec-
tion. Common connections are from % in. 18|NPT to
1% in. 11.5 NPT per ASME B1.20.1. With this [method
of connection, process media should be eithef liquid,

liquid

temper-

er hnucfﬂg' the nnmpnhnn{' that includes a connection

upp
for the pressure instrument (see para. 2.3.2).

upper housing, continuous duty: an upper housing that
prevents damage to the diaphragm or leaking of the
process fluid should the pressure instrument leak or be
removed (see para. 2.3.2.1).

upper housing, continuous seal: an upper housing that
prevents leaking of the process medium should the pres-
sure instrument leak or be removed, however, the dia-
phragm may be damaged (see para. 2.3.2.2).
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Vapor, o1 gas; ora Luul]uiuaﬁuu Uf ﬂlc:bl:, but f;ee fI'OIIl
solids. A small percentage of solids could plug or clog
the process takeoff pipe or build up in the isolator cavity
on the process side of the diaphragm.

Process media should not be sufficiently viscous, or
of the type that will solidify in the takeoff pipe or the
lower housing of the diaphragm seal within the limits
of the ambient and process temperatures.

2.2.2 Flanged Connection. A second method of
attaching diaphragm seals is by a flanged connection.
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The integral flange of the isolator is bolted to a compan-
ion flange in the process piping or to flange openings,
as hand holes, on tanks and vessels. Common pipe sizes
are from % in. to 6 in. with ASME B16.5 flanges in
pressure classes of 150, 300, 600, 1500, and 2500. Flanged
seals may also be manufactured to other standards such
as DIN.

2.2.3 In-Line Connection. A third method is to

2.3.2.1 Upper Housing, Continuous Duty. Should
the pressure instrument leak or be removed, the dia-
phragm will seat against a matching or other support
surface in the upper housing, preventing damage to the
diaphragm or leaking of the medium [see Fig. 1 and
para. 2.10.4.2(h)].

2.3.2.2 Upper Housing, Continuous Seal. Should
the pressure instrument leak, or be removed accidentally,

install fhe diaphragm seal directly in the process flow
line. These are referred to as “in-line” or “flow-through”
types. This diaphragm seal is so designed that the dia-
phragny is essentially flush with the flow stream and
thus coftinually washed by the process media. This “in-
line” type should be used when the process media is a
slurry ¢r a liquid that contains a solid component, is
viscous| or has a melting or freezing point at normal
ambienf temperatures. This method is frequently used
where irocess lines are externally heated. The process
connectfions are as follows:

(a) Threaded. Pressure lines are connected using a
threadefd connection; generally NPT.

(b) Flanged. Process connections are connected to
pressurg flanges.

(c) Bytt Welded. The diaphragm seal is butt welded
directly| to the process line.

(d) Spcket Welded. The diaphragm seal is socket
welded|directly to the process line.

(e) Sqddle. The diaphragm seal is fillet welded within
a hole qut into the process pipe or may be secured by
a saddlg adapter welded onto the process pipe.

(f) Clamped (Sanitary). Sanitary application, stich as
food piocessing require diaphragm seals to-be-easily
cleaned|after use. Quick removable clamps may be used
to conngct the diaphragm seal to the prodess’connection
(lower housing). Industry standaxyds cover specific
details pf these applications.

2.3 Conpstruction

A digphragm seal consists/of several components, as
describ¢d in paras. 2.37) through 2.3.15.

2.3.1 Diaphragm.-The diaphragm is the most critical
comporjent in the assembly. It separates the medium
from the fill fluid. It is designed to flex in a direction
essentidlly. perpendicular to its surface. Diaphragms are

the diaphragm will seat against a support surface-in| the
upper housing to prevent leakage of the meditum' [The
diaphragm may be damaged [see para. 2.10:4:2(i)].

2.3.2.3 Upper Housing, Noncontindous Duty. [The
upper housing does not contain a_matching or other
support surface to support the diaphragm. Leakagp of
the pressure instrument or reméyal may result in dam-
age to the diaphragm and loss.6f the medium (see Fig. 2).

2.3.2.4 Upper Housing, Removable. The presgure
instrument and top hotsing assembly may be remoyed
from the bottom heusing as a unit, without loss of fill
fluid (this shouldde done only when there is no presgure
in the process\line). The diaphragm may be clamped
to the upper housing with a middle housing, welded,
bonded, or otherwise attached to the upper housfng.
The diaphragm may be made in the form of a capsule
threaded into the upper housing (see Figs. 3 and 4).

2.3.2.5 Upper Housing, Nonremovable. When|the
diaphragm is clamped to the upper housing by the lower
housing, removal of the pressure instrument and ugper
housing assembly from the lower housing will result in
loss of the fill fluid (see Fig. 5).

2.3.2.6 Upper Housing, Flush Flanged. Flanged
seals include a mounting flange that assists when
aligning the diaphragm with the process connectjon.
The 2 in. to 5 in. versions of this seal may be used with
the diaphragm surface flush with the process or with a
flushing ring. The diaphragm is an integral part ¢f a
standard flange and installed to be flush with the flange
sealing face [see Fig. 6, illustration (a)].

2.3.2.7 Upper Housing, Flush Flanged Seal
(Sandwiched) With Backup Flange. These seals proyide
abasic 2 in. to 5 in. process connection. Available with or
without a flushing ring, this seal has a flush or recegsed

generaLy convoluted because sensitixy, H’y over a wide
range of pressure is greater than that of a flat diaphragm
of the same diameter.

2.3.2 Upper Housing. The upper housing includes
a connection for the pressure instrument. Since this com-
ponent is not in contact with the process fluid, it is
commonly made of steel. However, if the external atmo-
sphere contains corrosive elements, other materials may
be required. Standard instrument connections are % in.
18 NPT and % in. 14 NPT female.
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diaphragm surface. The capillary connection is on the
side of the seal, enabling use in areas where space is
limited or restricted on the outside of the vessel. Because
the flange is not a permanent part of this seal, it provides
more user flexibility where flanges with different pres-
sure ratings are required. The diaphragm housing cor-
responds to the size of the sealing face of a standard
flange. Upon installation, the diaphragm seal is sand-
wiched between the process flange and a standard blind
flange [see Fig. 6, illustration (b)].
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Fig. 1 Upper Housing, Continuous Duty
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GENERAL NOTE: Not intended*to show design detail.

Fig.-2~" Upper Housing, Noncontinuous Duty
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Fig. 3 Upper Housing, Removable
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GENERAL NOTE: Not intended to show design detail.
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Fig. 4 Upper Housing, Removable
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GENERAL NOTE: Not intended to show design detail.
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Fig. 5 Upper Housing, Nonremovable
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Fig. 6 Upper Housing, Flush Flanged

Diaphragm support surface Instrument connection

Bolts and nuts

r—+—1 ——— Upper housinlg

| S P I

Gasket

/
\

i
|
|

|

Diaphragm
(welded or bonded I

I
to upper housing) :

=
:

|

|

|

L

7,
k/”///,@?/”/l\
044;4‘, N pe

(a)

Bolts and nuts ——[

———Blind flange

717

Piaphragm support surface\ - Instrument conngction

A I
\—

-

Upper housing
dJ=—"  (pancake)

[=——————— Gasket

d———=
|
|
L

L b e e e N _:
1ofi
Diaphragm b ! Suoplied b
(welded or bonded —)l/ﬂ/ : : upplied by user
to upperhousing) ] | J
su

(b)

GENERAL NOTE: These drawings are not intended to show design detail.
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Fig. 7 Upper Housing, Inserted Flange
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GENERAL|NOTE: This drawing is not intended to show design detail.

2.3.2.8 UpperHousing, Inserted Flange. Thetpper
housing with its welded diaphragm is separated from
the retafiner flange (see Fig. 7).

2.3.2.9 Upper Housing, Flanged Seal-With Extended
Diaphragm. Extended flanged seals-in 2 in. to 5 in.
versionp are common and provide a-choice of extension
length. [Typical extension lengths/are 2 in., 4 in., 6 in.,
and 8 in}. These seals mount oirpipe flanges and extend
througl} insulation to the tank wall (see Fig. 8).

2.3.3 Lower Housing. The lower housing connects
to the grocess line,~and is wetted by the medium. For
this reason thelwhaterial must be compatible with the
mediu\I. Seepara. 2.3.10 for process connections.

2.3.4CMid-Housing (Cleanout Ring). The

farge—
Upper housing

rreteitet

—~———————— Gasket

______ l

~—— Supplied by user

Al
<y 77, /?//:’L\
(A ~ -

to
ust
Hia-

2.3.5 Gasket. A gasket or O-ring may be use
seal joints exposed to the medium. The material
be compatible with the medium. A coating on the
phragm or housing may function as the gasket.

2.3.6 Reinforcing Rings. Some diaphragm seal
designs use reinforcing rings to support clamping forces
onnonmetalliclower housings. These rings are generplly
not in contact with the medium and are commonly mfade
of steel. If the external atmosphere contains corrogive
elements, other materials may be required [see Fig. 9,
illustration (b)].

2.3.7 Fastening Methods. Several methods may be
employed to fasten the upper, mid, and lower houging
together.

mid-housing (cleanout ring) is located between the
upper and lower housing. This housing is used on dia-
phragm seals with replaceable diaphragms. Removal of
the connection between the mid-housing and the lower
housing permits access to the process side of the dia-
phragm without loss of the seal between the upper hous-
ing and the diaphragm. This housing is exposed to the
medium and the material must be compatible with the
medium. If a diaphragm capsule is used, a mid-housing
may not be required [see Figs. 3 and 4, illustration (a)].
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(a) Bolts and Nufs.  A'series of bolfs and nufs are used
to fasten the upper housing to either the mid or lower
housing. The housing may be tapped to replace the nut.

(b) Clamp. A clamp assembly may fasten the upper
housing to the lower housing [see Fig. 10,
illustration (a)].

(c) Welded. The upper and lower housings may be
joined by a weld. Weld filler material is generally identi-
cal to the material of the lower housing [see Fig. 10,
illustration (b)].
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Fig. 8 Upper Housing, Flanged Seal
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Fig. 9 Lower Housing
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Fig. 10 Fastening Methods
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These drawings are not intended to show design detail.
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The fastening method is generally not in contact with
the medium.

2.3.8 Fill/Bleed Connection (Optional Feature). A
fill/bleed port is a connection machined integral with
the upper housing, accessing the filled volume. A fill
adapter may be inserted into the fill /bleed port allowing
filling of the diaphragm seal/instrument assembly after
assembly. After filling, the bleed screw is inserted into

2.3.10 Process Connections (Lower Housing). Com-
mon process connections are described in paras. 2.3.10.1
through 2.3.10.4.

2.3.10.1 Threaded. The lower housing includes a
threaded connection for attachment to the process line
(see Fig. 9). A threaded lower housing may be provided
with wrench flats or spanner wrench holes to facilitate
assembly.

the fill /pleed port for sealing pUrposes and may be used
to pernfit bleeding excess fill fluid (see Fig. 1).

2.3.9 Instrument Connection. The pressure instru-
ment is| attached directly to the diaphragm seal. Stan-
dard inftrument connection ports are ¥ in. 18 NPT and
% NPT female, although other connections may be used
as requjred.

It may be desirable, however, to install the instrument
remote [from the seal, for one or more of the following
reasons

(a) tqremove the instrument from an adverse environ-
ment (temperature, corrosive atmosphere, vibration,
etc.)

(b) tq

tion fon

locate the instrument in a more convenient loca-
readability or serviceability (see Fig. 1)

2.3.9.1 Remote Instrument Attachment. If remote
attachnfent is necessary, a length of capillary with suit-
able enfl fittings may be installed between the instru-
ment afid the seal. This capillary may be enclosed in a
protective armor.

The following factors must be considered when
remote [mounting is required:

(a) The bore of the capillary must be kept to @ mini-
mum i} order to reduce the effect of ambieint témpera-
ture chgnges upon the accuracy of the instrument. If the
bore is|too small, however, the response time of the
assembly may become unacceptablyleng and filling will
be morg difficult. A bore of approximately % in. (2 mm)
is suggested for most applications.

(b) The capillary material~and size must be suitable
for the naximum and minimum pressure and tempera-
ture of the medium afid-the maximum and minimum
ambien} temperatures,

(c) The elevation of the instrument above or below
the seal will introduce a head effect on its reading or
output,|and-will be more significant at low operating
pressurgs.

to mate and seal with a companion ASME B16.5\flange
in various sizes and pressure ratings. Flanged dlia-
phragm seal parts may be manufactured, of bar stpck,
castings, or forgings [see Fig. 11, illustration (a)]. In{the
smaller sizes, the use of studs asseémbled to the lower
housing may be necessary because\of diaphragm degign
considerations [see Fig. 11, illustration (b)].

2.3.10.3 In-Line (Flow:Through). In this type,|the
diaphragm surface isparalleled to the process flow,
resulting in minimuim Testriction of the flow, and [less
tendency to build up deposits in the seal because|the
flow tends to wash the diaphragm continually. Conhec-
tions are asdollow:
(a) threaded (see Fig. 12)
(b) flanged [see Fig. 13)]
(c)'butt weld (see Fig. 14)
(d) socket weld (see Fig. 15)
(e) Saddle
(1) fillet welded within a hole cut in the pro
line [see Fig. 16, illustration (a)]
(2) fillet welded onto the process line [see Fig
illustration (b)]
(f) sleeve [see Fig. 13, illustration (b)].

2.3.10.4 In-Line Seal (Crevice Free). This sedl is
suitable for rapidly flowing process fluids. The $eal
forms an integral part of the pipe to allow undisturped
flow of the process. The housing diameter corresponds
to the size of the sealing face of a standard flang¢ or
standard clamp connection. The seal is comprised of
a cylindrical jacket section (tube) in which the ropind
diaphragm is welded (see Fig. 17).

2.3.10.2 Flanged. The lower housing is desi%ed

fess

16,

2.3.11 Flushing Connection (Optional Feature).
Threaded and flanged lower housings may be provided
with a flushing connection, permitting the user to pyrge
the area below the diaphragm without removing the peal

(d) As capillary length increases, time response and
temperature errors will increase.

(e) Length, size, material, and stiffness of the capillary
must be such that it can be suitably installed.

(f) Capillary material, and joints between capillary
and end fittings, must be compatible with expected
ambient conditions, especially ambient temperatures
and corrosiveness.

(g) All joints between the seal and the instrument
must be leak-tight.

58

from the process line. This connection may be located in
the mid-housing, if supplied [see Fig. 9, illustration (a)].

2.3.11.1 Flushing Ring. Flushing rings are com-
monly provided with one or two % NPT or % NPT
connection(s). The ring facilitates purging of the process
cavity. The ring is mounted between the diaphragm seal
and the process flange (see Fig. 18).

2.3.12 Sanitary Seals. Sanitary seals are quick dis-
connect types, where the upper and lower housings are
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Fig. 11 Flanged Seal
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RAL NOTE: These drawings are not intended to show design detail.
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Fig. 12 Threaded Seal
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Fig. 13 Flanged Seal With Sleeve
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These drawings are not intended to show design detail.
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Fig. 14 Butt Weld Seal
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Fig. 15 Socket Weld Seal
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GENERAL NOTE: Not intended to show design detail.

62



https://asmenormdoc.com/api2/?name=ASME B40.100 2013.pdf

ASME B40.100-2013 (B40.2)

Fig. 16 Welded Seal Saddle
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These drawings are not intended to show design detail.
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Fig. 17 In-Line Seal (Crevice Free)
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held together by a unique clamp, permitting ease of
dismantling and cleaning [see Fig. 10, illustration (b)].

2.3.13 Gauge lsolators. This type of seal consists
of an elastomeric bladder installed within the connection
of a pressure instrument or within an adapter fitting
(see Fig. 19).

2.3.14 Pressure Ratlngs Pressure ratmgs decrease
(possib

aterial Selection

2.4.1
phragnj
propert

2.4.2 The majority of failures of diaphragm seals
are due| to the improper selection of materials for dia-
phragnis and other surfaces exposed to the medijtm. In
the selpction of materials of construction for any
medium resistance to corrosion is usually the determin-
ing factpr. As a general rule, the same material used in
process| construction, pipe lines, tanks) etc., should be
used fof the surfaces exposed to the)medium. Because
of the thin cross section, special @ttention must be given
to the gelection of material-for)the diaphragm. Some-
times a[material more corrgsion resistant than the heav-
ier botfom housing orassociated piping should be
considefred. The physical characteristics of the medium,
such as femperature:and pressure, should also be consid-
ered. Inladditienyconsideration should be given to envi-
ronmerptal effects such as corrosion of the external
portionf of the dlaphragm seal. Laboratory corrosion

The materials used in fabrication of the dia-
seal will depend upon the chemical and physical
es of the medium.

may be requlred The user should obtain expert advice
from a qualified source for selection of materials. The
materials of construction in contact with the medium
should be identified on the diaphragm seal.

2.4.3 Plastics such as PVC, Teflon®, etc., are used
for lower and middle housings in diaphragm seals.
However, there are temperature and pressure limitations
to all plastics which must be strictly adhered to, or the
application will fail. Because of their low tensile strength
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and cold flow characteristics, plastics are usually not
recommended for threaded process connections. If
threaded plastic bottom housings are required, care must
be taken to avoid over-tightening the process connec-
tion, which could cause failure of the housing after a
period of time.

2.4.4 When using a flange-connected type, caution
must be used in attachmg to the compamon ﬂange As

be t1ghtened evenly Over—tlghtemng may result in
tortion of the plastic parts and possible failute

2.4.5 Diaphragm materials such as Teflon®, o
plastics or elastomers are sometimes used. Becausg of
the thin sections, these materials maybe porous. Consid-
eration must be given to potentially. hazardous intefac-
tion between the medium and the fluid used to fill
diaphragm seal and pfessure instrument
para. 2.5.2.2).

2.4.6 If the medium contains a hard solid, and|the
diaphragm seal is the flanged or flow-through type |the
possibility of exosion of the thin diaphragm should be
considered.Qaution must be taken to select the prdper
diaphragm.material.

2.4.7"" A coating on a diaphragm should not be
relied‘on for corrosion resistance unless specifically frec-
ommended by the supplier. Coatings may have Heen
applied for other purposes and may have voids fhat
allow corrosion. The permeability of the coating to|the
chemicals in the media must also be considered.

2.4.8 Lower or middle housings may be coatedl or
plated to improve corrosion resistance. Caution must be
taken on threaded housings as the coating or plating
on the housings may be damaged during installatipn.

2.4.9 Fasteners that are usually highly stregsed
must be selected with consideration to strength, ambjent
temperature, and environmental effects. Stainless steel
fasteners have improved corrosion resistance over far-
bon steel but may have lower strength. Some fast¢ner
materials may begin to lose strength at temperatures as
low as 100°F (37.8°C). Combined effect of stress pnd
corrosive ambient environments should be considefed.

2,410 Gaskets used to seal the joints between
the dlaphragm mlddle and bottom housing mus{ be

2.5 Fill Fluids and Selection

2.5.1 Fill Fluid. Fill fluid is the liquid used to fill
that portion of the pressure-sensing system between the
diaphragm and the pressure-sensing element, acting as
the hydraulic medium for transmission of pressure.

2.5.1.1 Physical Properties.
physical properties of fill fluid:
(a) coefficient of thermal expansion

The following are
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Fig. 19 Gauge Isolator
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(b) service temperature range

(c) specific gravity

(d) viscosity

(e) vapor pressure

(f) compressibility

(g) freeze point

(h) thermal decomposition point

(i) spontaneous ignition temperature

may be exposed, for example, sun shining on exposed
capillary line, temperature changes from noon to mid-
night or mid-summer to mid-winter. Exposed compo-
nents may be insulated, heated, or cooled to reduce the
effects of ambient temperature variations.

2.5.2.6 Storage Temperature. Consideration shall
be given to prevent damage to the seal/instrument
assembly caused by high and/or low ambient tempera-

(i) lo

2.5.2 Fluid Selection. The attributes of a fluid, speci-
fied in ffaras. 2.5.2.1 through 2.5.2.11, shall be considered.

Tt 1 1
lg CTIIT bldUulLy (C105€Ud byblﬂlll}

2.5.2.1 Toxicity. Consideration must be made of
the posgibility of health hazards associated with the han-
dling of fill fluids. If the fill fluid is to be used in an
application to measure pressure in a food, beverage, or
pharmaceutical process, the user should determine the
nature ¢f the risk involved, if small quantities of the fill
fluid erjter the process stream, by means of a leak.

2.5.2.2 Medium and External Environmental
Compatjbility. A fill fluid should not react adversely
with th¢ medium or environment if a leak should occur.
Reactioh with the environment could include toxic or
corrosiye contaminating and/or corrosive contamina-
tion andl/or ignition. Reaction with the medium could
includeftoxic contamination or loss of purity, which may
damagg the process or render the medium unusable (see
para. 2.B).

2.5.2.3 Instrument Compatibility. The fill fluid
must b¢ compatible with all materials it contactsstich
as O-rings, gaskets, diaphragms, pressure elemerits; and
housings.

2.5.2.4 Long Term Stability. Fill fluid shall be suit-
able fo1 continuous operation at specified application
service femperatures, pressures, and other service condi-
tions. Irjcorrect selection with respect to service tempera-
ture range could result ir( fill fluid freezing, gel
formatipn, polymerization;solidification, etc.

2.5(2.5 Effect of Temperature. The addition of a
liquid-fflled diaphragm seal to an instrument may create
a detecfable errorin the pressure reading. Sealed sys-
tems contain fixéd volumes of liquid. Temperature
induced expansion and/or contraction of the fill fluid
may in¢redse or decrease the pressure reading. These

ture while the assembly 1s 1n transit or storage.

2.5.2.7 Effect of Liquid Head. The specific grayity
of the fluid may have a distorting effect because offthe
static head pressure. This static head presstire will be a
function of the fluid specific gravity and’ the elevation
difference between the diaphragm ‘and the sensing fele-
ment of the instrument.

2.5.2.8 Viscosity. Theflid viscosity or resistgqnce
to flow has an effect upon the speed or response off the
pressure instrument toya“pressure change at the flia-
phragm. This effect will' be greater on a system in which
the instrument js,connected to a diaphragm seal hy a
length of capillary.

2.5.2,9 Vapor Pressure. The fill fluid vapor pjres-
sure must'be compatible with the following:
(1) (évacuation and fill procedures
() ambient temperatures
(c) transport and storage temperatures
(d) medium pressure and temperature

2.5.2.10 Compressibility. Compressibility of [the
fill fluid must be considered in higher pressure applica-
tions because of the finite displacement capability off the
diaphragm. Movement of the diaphragm is requiregl to
produce both the volume of compression of the fill fluid
and the displacement required for the pressure-senging
element to function.

2.5.2.11 Other Considerations. The fill fluid
should not support bacteriological growth or react with
the materials of the diaphragm seal or the instrument.

2.6 Selection of a Diaphragm Seal

The following attributes of an application should be
considered by the user for each application of a (lia-

phragm seal. This listing is intended as an outline gnly
with paragraph references-to-detailed r]ocnriph'r\nc The

effects will be greater for lower pressure instruments.

(a) Consideration should be given to the conse-
quences of difference between assembly point (shop)
ambient temperature and process service and ambient
temperatures. When optimum accuracy is required, the
filled seal and instrument system should be calibrated
at the process service and ambient temperature.

(b) Consideration should also be given to the conse-
quences of potential high or low ambient temperatures
to which all or a portion of the seal/instrument assembly
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supplier should be consulted for assistance if required.

2.6.1 Degradation of Accuracy. The volumetric dis-
placement and volumetric spring rate of the diaphragm
must be adequate to actuate the sensing mechanism of
the instrument. The addition of the seal will, however,
affect the accuracy of the instrument. Because the dia-
phragm has a finite spring rate, it will require some
pressure to displace the fluid necessary to operate the
pressure element.
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This effect will be greater on instruments with ele-
ments requiring more fluid displacement, with dia-
phragms having higher volumetric spring rates, and on
lower pressure range instruments.

The need to recalibrate the instrument with the seal
attached will depend on the range, and also the desired
accuracy.

2.6.2 Process Pressure. Process pressure is the max-

alld U
applied to the diaphragm seal.

cU1Uu pre ure d W De

P.6.3 Temperature. The following are types of
temperature:

}) process temperature (see para. 2.5.2.5)

p) ambient temperature (see para. 2.5.2.5)

) storage temperature (see para. 2.5.2.6)

P.6.4 Mounting

2.6.4.1 Mounting Style. See para. 2.2 and the
follpowing;:

(#) attached to the outside of a pipe or vessel

(b) in-line

2.6.4.2 Mounting Method. See para. 2.2 and the
follpwing:

p) threaded

) flanged

) welded

) saddle

) clamped (sanitary)

—_ ~ ~

_~ ~ ~ ~ ~

2.6.4.3 Process Connection.
the|following;:

(%) thread (e.g., % in. 14 NPT)
(b) flange size and rating and face configuration (e.g.,
ASME B16.5, 1% in. Class 150 RF)

() weld size and configuration (e.g., 1-in. socket
weld)

() saddle, pipe size (e.g{, 3 in.)

(¢) clamp, size and type

See para. 2.3.10 and

P.6.5 Materials .See*para. 2.4.

2.6.5.1 Parts.in Contact With the Medium. The fol-
lowing parts are-in contact with the medium:

(4) diaphragm

(b) lower housing

(¢) ymid housing

2.6.6 Instrument Connection. See para. 2.3.9. Also,
see the following:

(a) size (e.g., % in. 14 NPT female)

(b) direct or remote

2.6.7 Fill Fluid. See para. 2.5.

2.6.8 Other Features.
following;:

See para. 2.3. Also, see the

(b) removable/nonremovable
(c) flushing connection (see para. 2.3,11)
(d) locking device (see para. 2.3.15),

2.7 Reuse of Diaphragm Seals

It is not recommended that diaphragm seals b¢ moved
from one application to another for the reasons stated
in paras. 2.7.1 through 2.7 4.

2.7.1 Chemical Compatibility. The conseqience of
re-use without eleaning can range from contamination
to explosive failure. For example, moving an oi service
diaphragm.s€al to oxygen service without cleahing for
oxygensservice can result in explosive failjre (see
Compressed Gas Association, Inc., STD. CGA 4.1,
“Cleaning Equipment for Oxygen Service”). Diaphragm
seals should be disassembled and cleaned withh appro-
priate solvents prior to any reuse on djfferent
applications.

2.7.2 Partial Fatigue. The first installation may
involve pressure pulsations that have expended|most of
the diaphragm fatigue life, resulting in early fatigue in
the second installation.

2.7.3 Corrosion. Corrosion of the diaphragm, lower
and mid-housings, gaskets, and other parts wetted by
the medium in the first installation may be sufffcient to
cause early failure in the second installation.

2.7.4 Other Considerations. If reusing a diaphragm
seal is required, all guidelines covered in this Sfandard,
relative to applications of diaphragm seals, should be
followed in the same manner as when a new diaphragm
seal is selected (see para. 2.5.2).

2.8 Safety

All diaphragm seal components, including fgsteners,

(f)—saskets
(e) weld
(f) flushing connection plug

2.6.5.2 Parts Not in Contact With Medium. The
following parts are not in contact with the medium:
(a) upper housing
(b) bolts and nuts
(c) reinforcing rings
(d) seal within the filled system
(e) fill/bleed screw

must-be-selected—eonsidering—al-process—and—ambient
operating conditions, including corrosion, temperature,
and pressure, to prevent misapplication (see para. 2.4).
Improper selection could result in failure and possible
injury or property damage.

2.8.1 Because of its thin cross section, special atten-
tion must be given to diaphragm material selection.
Sometimes a material more corrosion resistant than that
of the heavier bottom housing or associated piping
should be considered. Operating temperatures must not
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exceed the limit for the materials selected, including that
of the fill fluids.

2.8.2 The maximum allowable pressure must not
be exceeded. Flanged seals are generally limited to the
maximum rating of the flange itself. Plastic lower hous-
ing will not withstand the same pressures as metal
equivalents. Maximum allowable pressures for all mate-
rials decrease as temperatures increase.

2.9.2 Filling Stations

(a) The fill station shown on Fig. 20 consists of a
vacuum pump, a sight glass, a liquid trap, and a regu-
lated source of pressure. In operation, the system to be
filled is attached to the fill station. When the vacuum
is applied, the air is drawn from the sealed system and
is visible as bubbles in the sight glass. When the vacuum
is withdrawn, the fill fluid fills the sealed system. The fill

2.8.3
ponents
with fa

2.8.4
the ope

Fasteners used to secure the structural com-
of the diaphragm seal shall only be replaced
teners specified by the supplier.

The fill fluid must be capable of withstanding
ating temperature. Glycerin or silicone fill fluids
are not|suitable for all applications. These fluids must
be avoigled where strong oxidizing agents are involved
includifg, but not limited to, oxygen, chlorine, nitric
acid, ar{d hydrogen peroxide. In the presence of oxidiz-
ing agents, potential hazard will result from chemical
reactiorf, ignition, or explosion. Completely fluorinated
or chloffinated fluids, or both, may be more suitable for
such apjplications.

2.8.5
require
during
pounds
oxygen

Specific applications of diaphragm seals may
specific types of handling and cleaning of parts
manufacture. Oil and/or hydrocarbon com-
should not be used on parts that will contact

Seals to be used on pharmaceutical or food
processing application should be manufactured and/or
cleanedl in accordance with U.S. Food and Drug
Administration, 3A Sanitary Standards, or other appli-
cable standards.

2.8. The entire filled portion of the system must
be leak-tight. It is not recommended that the user tamper
with th¢ pressure instrument and diaphragm seal assem-
bly. Any loss of fill fluid will result ifi significant errors
or complete failure to transmit pressure to the instru-
ment. In addition, the exposuré of the fill fluid to the

to conngct the lowerthousing to the process line to avoid
damagge from overheating. Consult the supplier for
installafion instrtrctions.

2.9 Filling.Diaphragm Seals

fliid is anntomatically. dpgacqu dnring the fill nppm’r'on,

(b) The fill station shown on Fig. 21 consists-¢f a
vacuum pump, a fill reservoir, and two valves~Fill fluid
is placed in the reservoir. When the valves aré positioned
as shown in Fig. 21, illustration (a),the vacuun is
applied to the sealed system and the fluid is degasged.
When valves are positioned as showaiin Fig. 21, illudtra-
tion (b), the fill fluid enters the/sealed system.

2.9.3 Filling Procedures..‘\The procedures descriped
within this section are generalized for use as guidelipes.
The diaphragm seal supplier should be consulted| for
assistance with specific procedures. Applying vacuu
low pressure instruments may damage the instru

be¢onnected to the manifold in the filling system.
dum is then applied to the assembly until all ai
removed. Vacuum is then released and the fill fluid per-
mitted to enter the interior of the assembly. After filling,
before tightening the fill /bleed screw, the flatness off the
diaphragm should be checked as follows:

(a) If the diaphragm is not flat, excessive nonlinearity
and/or temperature error may result.

(b) If the diaphragm is convex toward the progess
side (over-filled), gently press the diaphragm upward
until it is flat and then tighten the fill/bleed screw.

(c) If the diaphragm is concave, additional fill f
should be added.

Special procedures may be required to fill diaphrggm
seals with elastomeric or Teflon® diaphragms becquse
the diaphragm may be excessively distorted by|the
application of vacuum. The seal and instrument may
also be filled per paras. 2.9.3.2 and 2.9.3.3.

uid

2.9.3.2 Filling Diaphragm Seal and Instrument
Before Assembly

2.9.1 Objective of the Filling Operation. The objec-
tive of the filling operation is to fill the sealed system
consisting of the diaphragm seal top assembly, connec-
tions, and the instrument with the fill fluid. Air bubbles
cause some loss of accuracy, but are particularly trouble-
some when operating either at high temperature or vac-
uum. Under these conditions the air expands, over-
filling the limited volume within the sealed system,
causing inaccurate pressure measurements and fre-
quently distorting metal diaphragms.
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(a) Filling a Diaphragm Seal. A diaphragm seal with-
out a fill/bleed screw can be filled using an oil can. The
diaphragm should be flexed gently using a finger or
pencil eraser on the process side to remove the air bub-
bles. Diaphragm seals with Teflon® or elastomeric dia-
phragms may also be filled by pouring the fill fluid into
the seal. These diaphragms are soft and may sag when
the liquid is poured. This sag may be prevented by
attaching a low pressure source to the process side of
the seal to support the diaphragm. The supplier should
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Fig. 20 Sealed Setting
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Fig. 21 Fill Setting
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be consulted for advice on the pressure required for
diaphragm support.

(b) Filling an Instrument. An instrument may be filled
by attaching it to a manifold and applying vacuum to
the connection until all air is removed. The vacuum is
then released and the fill fluid permitted to enter the
interior of the instrument.

(c) Assemblzng a Filled Seal to a Filled Instmment After
filling both -

2.9.3.3 Filling a Seal With Capillary Between the
Sedl and the Pressure Instrument. These assemblies can
be filled as a unit using the procedures described in
parp. 2.9.3.1.

If filled before assembly, first the seal and instrument
shquld be filled as per paras. 2.9.3.2(a) and 2.9.3.2(b)
and then the capillary filled either by pressurizing the
fill fluid into one end and allowing flow until no bubbles
appear at the other end, or by applying vacuum to_one
end of the capillary and immersing the other end into
a cpntainer of fill fluid, continuing the process until all
air fis removed.

The filled capillary is then assembled tq the instrument
and seal in the same manner as the seal.and instrument
assembly described in para. 2.9.3.2(g).

2.10 Testing

P.10.1 Scope. This §ection is intended to provide
an putline of the parameters used when evaluating the
performance of diaphragm seal/instrument assemblies
and to suggest evaluation outlines. These test methods
may or may notsatisfy the requirements of the intended
applicationtWhen it is known that the diaphragm seal/
insfrumeéntidassembly will encounter conditions more or
lesq severe than those specified, the test may be modified

other test parameters of the diaphragm seal/instrument
assembly may exceed the specified parameters of the
instrument used within the assembly. Acceptable per-
formance specifications shall be agreed to by the sup-
plier and user.

2.10.3 Calibration Standards

2.10.3.1 General Discussion

4 g 0 piston
gages is contamed in ASME PTC 19.2. In computing
the accuracy of these instruments, their-geographical
location must be accurately ascertained'and cofrections
applied as outlined in National Institute of Sthndards
and Technology, NIST, (formerly\National Byreau of
Standards) Manometry Manual, 'and NIST Pist¢n Gage
Manual.

(b) Working standards/shall be tested before and after
a period of use. Therequency of recalibratjon will
depend on their ability” to retain their accuracyf during
use.

(c) For information regarding indicating dial
used as working standards, see ASME B40.1.

2.10.3.2 Recommended Standards. Stgndards
shall-<have nominal errors no greater than % of those
perniitted for the seal/instrument assembly being
tested. If a liquid medium is used, correction| for the
difference in liquid head between the standard [and the
instrument being tested may be necessary.

gauges

CAUTION: Piston gages, or other standards that contain oil or
other hydrocarbon fluids, shall not be used to test dfaphragm
seal/instrument assemblies cleaned for oxygen service

2.10.4 Test Procedures

2.10.4.1 General. The following procedfires are
suggested when testing a diaphragm seal/insfrument
assembly. Statistical methods, alternate procedures, or
both, may be used when agreed to by the supplier
and user.
(a) Reference Temperature. A temperature off 73.4°F
(23°C) shall be the reference standard for tegting all
diaphragm seal/instrument assemblies. Tempgrature-
compensated pressure instruments shall be testef at sev-
eral ambient temperatures within the range spegified by
the supplier.

(b) Liquid Head. When using a liquid-fillgd dead

t0 More r']nca]y match-the npp“nath A_functional test

in the intended application is generally the best evalua-
tion method.

2.10.2 General. All tests described within this sec-
tion shall be conducted with a diaphragm seal instru-
ment that is filled in accordance with the procedures
described in para. 2.9. After assembly and filling, the
instrument shall be recalibrated to its specified accuracy
prior to conducting any accuracy testing of the dia-
phragm seal/instrument assembly. The accuracy and
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weight piston-oace appropriate-compensation

kAo hidhg ¥ ¥
made for liquid head effects.

shall be

2.10.4.2 Procedures. Itissuggested thatall testing
be conducted on the assembly of a diaphragm seal and
the attached pressure instrument. Statistical methods or
alternate test procedures, or both, may be used when
agreed to by the supplier and the user.
(a) Accuracy. The accuracy of the diaphragm seal/
instrument assembly shall be tested using the proce-
dures for the instrument alone. Procedures for accuracy
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testing elastic element pressure gauges are described in
ASME B40.1. Appropriate procedures should be applied
to other types of pressure instruments.

(b) Repeatability. The repeatability of the diaphragm
seal/instrument assembly shall be tested using the pro-
cedures for the instrument alone. Procedures for repeat-
ability testing elastic element pressure gauges are
described in ASME B40.1. Appropriate procedures
should be-apph , of pre i A -

(c) Hysteresis. The hysteresis of the diaphragm seal/
instrumnent assembly shall be tested using the proce-
dures fdr the instrument alone. Procedures for hysteresis
testing pf elastic element pressure gauges are described
in ASME B40.1. Appropriate procedures should be
applied| to other types of pressure instruments.

(d) High Temperature Error. The diaphragm seal/
instrumnent assembly shall be tested in accordance with
para. 2.10.4.2(a). The assembly shall be placed in a tem-
peraturg test chamber at a temperature not to exceed
the supfplier’s maximum operating temperature and
allowed to stabilize for a period of not less than 4 hr.
The asspmbly shall then be checked for accuracy at this
tempergture, in accordance with para. 2.10.4.2(a). The
differerfce in test readings at each test point between
room temperature and the maximum operating temper-
ature is|the high temperature error.

(e) Lqw Temperature. The diaphragm seal/instrument
assemBly shall be tested in accordance with para.
2.10.4.2{a). The assembly shall be placed in a tempera-
ture tegt chamber at a temperature no lower thanxthe
suppliet’s low limit and allowed to stabilize for a period
of not I¢ss than 4 hr. The assembly shall then bechecked
for accliracy at this temperature, in accordance with
para. 2.[10.4.2(a). The difference in test réadings at each
test poihit between room temperature@nd the minimum
operatifig temperature is the low temperature error.

(f) Sporage Temperature. The ‘diaphragm seal/
instrunfent assembly shall.be tested for accuracy in
accordance with para. 2.10.4.2(a). The assembly shall
then be|placed in a temperature test chamber at a tem-
peraturg no higher than'the supplier’s high limit of stor-
age tenpperature for a period of 24 hr. The assembly
shall then be placed in a temperature test chamber at a
tempergture no lower than the supplier’s low limit of
storage|témperature for a period of 24 hr. This 48-hr

has the largest actuating displacement (usually the low-
est pressure) for the application which the test is being
performed.

(1) Since the diaphragm is basically an isolator with
nearly equal pressure on both sides, pressure stresses
are very low. Working stresses, therefore, are mostly
deflection related. Testing on a low pressure/large dis-
placement seal/instrument assembly, therefore, would

e n the highest d esse

(2) The diphragm seal /nstrument assembly-shall

of the assembly at a rate of 0.5 Hz. The application pnd
release of the pressure shall be as)smooth as practicable,
so as not to subject the instrument mechanism to exges-
sive upscale or downscale aecélerations or high ampli-
tude impulses (pressure(spikes). The assembly shall be
tested for accuracy in accordance with the test specified
in para. 2.10.4.2(a) not less than 1 hr after stopping|the
pressure cycling_ The difference between the first sqt of
readings at edch) test point and the last set of readings
at each test point is the fatigue error at this point.

(3). The assembly shall also be examined peri
cally during the test for leakage of the diaphragm.
fatigue life is the number of cycles to leakage. If
insttument fails, the instrument shall be replaced
the test continued.

(h) Continuous Duty. This test is intended to be per-
formed only on diaphragm seals that are specified| for
“Continuous Duty” performance per para. 2.3.2.1.

(1) The diaphragm seal/instrument assembly shall
be filled in accordance with the procedures descriped
in para. 2.9. The instrument may be recalibrated pnd
the assembly shall be tested in accordance with ppra.
2.10.4.2(a). The instrument shall then be removed from
the diaphragm seal and the instrument connection of
the seal left open. The rated maximum operating pjres-
sure shall be applied to the process connection of|the
diaphragm seal for a period of 15 min. The diaphrggm
seal shall not show any evidence of leakage.

(2) After the test pressure is released, the insfru-
ment shall be reassembled to the diaphragm seal,|the
assembly refilled using the procedures described in ppra.
2.9. The instrument may be recalibrated and the asspm-
bly shall be tested for accuracy in accordance with

bdi-
The
the
hnd

cycle shall be fepeated for a total of two complete cycies.
The assembly shall then be allowed to stabilize at room
temperature and then checked for accuracy in acccor-
dance with para. 2.10.4.2(a). The difference between the
two accuracy tests is the effect of storage temperature
expressed as a percent of span.

(g) Pressure Cycling. The pressure cycling test shall be
conducted with a diaphragm seal/instrument assembly
as agreed to by the supplier and user. It is recommended
that this test be performed utilizing the instrument that
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para. 2.10.4.2(a). The assembly shall be within the accu-
racy limits observed prior to the test.

(i) Continuous Seal. This test is intended to be per-
formed only on diaphragm seals that are specified for
“Continuous Seal” performance per para. 2.3.2.2.

The diaphragm seal/instrument assembly shall be
filled in accordance with para. 2.9. The instrument shall
then be removed from the diaphragm seal and the instru-
ment connection of the seal left open. The rated maxi-
mum operating pressure shall be applied to the pressure
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connection of the diaphragm seal, with no instrument
attached, for 15 min. The diaphragm seal shall not show
any evidence of leakage.

(j) Fatigue. This test determines the fatigue life of the
diaphragm. It shall be conducted on a diaphragm seal/
instrument assembly, using the instrument with the larg-
est actuating displacement (usually the lowest pressure
range) for the intended application of the seal. Since the

(1) The diaphragm seal/instrument assembly shall
be filled in accordance with para. 2.9. It shall then be
subjected to repeated applications of pressure (hydraulic
preferred) equal to approximately 20% to 80% of the
range of the instrument, at a rate of 0.5 Hz. The rate of
presssure change should approximate a sine wave, to
avoid upscale or downscale impulses (spikes).

(2) The assembly shall be exammed periodically for
3 mber of
Cycles before leakage If the instrument failsy7it [shall be
replaced and the test continued.
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SNUBBERS

1 SCOPE

Thls Standard (RA(\ '-\) isconfined to devices that are

Fig. 1 Fixed Orifice

Orifice.

installe
sensing|
of pres:
sensing|

 between the pressure source and the pressure-

element and are used to minimize the effect
ure surges on positive and negative pressure-
instruments.

2 PURPOSE

Thes¢ devices commonly known as snubbers, pulsa-
tion danpeners, pressure equalizers, gauge protectors,
gauge davers, etc., are used to improve the output or
readability of the instrument, and to reduce the effect
of presgure surges on the instrument. They also limit
the ext¢rnal discharge of the pressure medium, in the
event a| discontinuity should occur on the instrument
side of the snubber.

3 GE:I:RAL
3.1 Temminology Defined

Term$ relevant to this Standard and its application
are as fpllows:

amplitu
the ave

fluctuat

e: the maximum departure of the pressurelfrom
age pressure.

on: a nonperiodic surge.
pulsatio

rate of p

responsd time: the time required\for'a change in system
pressurg to be indicated by-the/instrument.

1: a periodic surge.

essure change: pressure charige per time interval.

snubber] a surge dampening device that is designed to
minimife the effect of/pressure spikes and surges on
instruments while allowing changes in system pressure,
and low frequericy. pulsations to be transmitted to the
instrument.

spike: a short-duration, high amplitude surge.

=i/

GENERAL NOTE: Not intendedto.show design detail.

employ sealing means 6ther than tapered threads
acceptable.

In applications of pipe-mounted instruments, where
vibration is extremely severe, consideration should be
given to the possibility of failure of the snubber or associ-
ated piping,“caused by the vibrating mass. A lafger
connection*(e.g., % in. 14 NPT instead of % in. 18 NPT)
and/pr a stronger material (e.g., stainless steel instead
of.brass) should be considered.

are

3.3 Materials

The internal materials must be compatible with|the
process and the external materials must be compatjible
with the environment. The effect of the structura] or
mechanical loading must also be considered. If elasto-
meric or nonmetallic materials are present, they shquld
be selected to ensure compatibility with the progess
medium, temperature, and pressure.

3.4 Types of Snubbers

3.4.1 Fixed Orifice. This device contains one or njore
orifices, and is available in different sizes and configpira-
tions. The orifice may be in the form of a capillary. [The
fixed orifice is not adjustable and may become plugged
in media with suspended solids. It can reduce modefate
surges in clean systems (see Fig. 1).

3.4.2 Valve. This device consists of an externally

surge: a sudden rise Or drop In system pressure.

3.2 Connections

3.2.1 Type of Connection. Tapered pipe connections
for pressure up through 20,000 psi or 160 000 kPa are
usually % in. 27 NPT, % in. 18 NPT, or % in. 14 NPT
American Standard external or internal tapered pipe
threads per ANSI B1.20.1, as required. Above this pres-
sure, high pressure tubing connections, or equal, should
be used. Other appropriately sized connections, that
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adjnth]p valve (‘]nqing the valve increases the da np-
ening action. Some valves include long tapered plugs,
filters, and/or controlled leak checks.

CAUTION:
(see Fig. 2).

It may be possible to close off the valve completely

3.4.3 Porous Metal. This nonadjustable device con-
sists of a porous metal element, available in several
porosities, installed within a fitting. It has an increased
range of dampening and a reduced tendency to plugging
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Fig. 2 Valve

/ Valve stem

\XB\X\

/
Radial
/ groove
Contrelled
Ledk Check
GENERAL NOTE: Not intended to show design detail.
Fig. 3 Porous ‘Metal
) )
\ %
Porous
metal disc
L Ay
GENERAL NOTE: Not intended to show design detail.
with suspended solids as compared to fixed orifices (see ~ hole determines the amount of dampening. It is| usually
Figl 3). furnished with multiple pistons or a cylinder with multi-
] le holes. The amount of snubbing can be changed by

a bladder or diaphragm enclosing a fluid-filled chamber
with felt plugs inserted between the chamber and the
instrument. The pressure-sensing element of the instru-
ment must be fluid filled. The felt plugs can be com-
pressed to provide the required dampening and the
fluid-filled bladder minimizes plugging by media solids
(see Fig. 4).

3.4.5 Piston. This device consists of a movable pis-
ton in a hole. The clearance between the piston and the
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changing pistons or holes. Piston-type snubbers tend to
be self cleaning because of the action of the piston (see
Fig. 5).

3.5 Selection

3.5.1 System Parameters. The following system
parameters should be considered by the user for each
application of a snubber. The effect of these parameters
may vary depending on the instrument used. The sup-
plier should be consulted for assistance, if required.
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Fig. 4 Felt Plug — Fluid Filled

/ Felt plugs
/— Adjusting
screw

/— Bladder

JlU.g
L

GENERAL NOTE:Not'intended to show design detail.

Fig. 5 Piston

Piston stop

Extra A/

% Piston
N

%_gw hole A V

Piston stop

Piston

Cylinder

GENERAL NOTE: Not intended to show design detail.
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3.5.1.1 Viscosity. More dampening is required for
media of low viscosity.

3.5.1.2 Pressure. The higher the pressure the
greater the amount of dampening required. Below
approximately 10 psi the performance becomes less pre-
dictable. At lower pressure generally less dampening is
required, and some experimentation may be required
to obtain the desired amount of dampening.

pressure, gradual fluctuation of the instrument output
due to changes in pressure is permissible. The effect of
pressure spikes on the instrument should be minimized.

3.6.3 Mechanical Vibration. Most snubbers will not
be effective in reducing the effects of mechanical
vibration.

3.6.4 Existing Systems. The installation of a new

Prnpm‘]v selected snubberin a system containing a worn

3.5.1.3 Rate of Pressure Change. The higher the
makimum rate of pressure change, the greater the
ampunt of dampening required.

3.5.1.4 Amplitude of Pressure Change. The higher
thel amplitude of pressure change, the greater the
ampunt of dampening required.

3.5.1.5 Volumetric Displacement of the
Instrument. Generally less dampening is required with
higher instrument volumetric displacement.

3.5.1.6 System Pressure. The snubber must be
caplable of withstanding the system pressure.

3.5.1.7 Suspended Solids. Some pressure media
may contain solids. A snubber may be partially or com-
pletely plugged depending on its design. In these cases,
it would be advisable to protect the instrument and the
snybber with a diaphragm seal or similar device, unless
thiq feature is provided in the snubber.

3.5.1.8 Materials of Construction. The intennal
erial must be compatible with the process and the
brnal materials must be compatible with the environ-
ht. The effect of the structural or mechanical loading
mupt also be considered. If elastomeric(on nonmetallic
erials are present, they should be selected to ensure
patibility with the process medium, temperature,
and pressure.

.5.2 Consultation. Dug to-the extensive number of
varjables associated with(the selection of snubber types,
styles, operating prarmeters, etc., detailed selection cri-
teria is beyond the Scope of this Standard (B40.5). The
uselr should consult the supplier for recommendation.

3.6| Performance

.6.1- Pressure Transmission Characteristics. Insys-
tem)stthat have surges, the snubber will minimize the
eff Lt Uf t}lc lJCCll\ PLCDDULUD UIl t}lc .Lllbtl ulllCllt. If }liS}l
frequency pulsations are present, the instrument output
will tend to be an average reading.

3.6.2 General. When the working parts are properly
selected in accordance with para. 3.5, as well as compati-
bility with the pressure medium, and when the instru-
ment and the snubber are filled completely with the
pressure medium, the instrument should respond to
changes in system pressure within an acceptable time
span without overshoot. When the system is at operating
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instrument may not provide the desired restilt,

3.6.5 Response Time. There are two-responbe times
that are of interest (paras. 3.6.5.1 and-3.6:5.2).

3.6.5.1 Response Time at Operating Pressyre. On
a properly selected and installed unit, a change i} system
pressure should be indicated.within an acceptaple time
span. This time is shorténed by reducing the [volume
between the snubber and‘the pressure-sensing element
and on liquid-filled-systems by eleminating all gas
between the snubbei and the pressure-sensing ¢lement.
The response time may be reduced by reduding the
amount of dampening.

3.6.5.2" Response Time on Start-Up. Wheh a sys-
tem islinitially pressurized, the pressure will |register
slowly for the initial and final portion of the pressure
rise, but will be rapid for the central portion. To dlecrease
the overall response time, minimize the fluid |volume
from the snubber to the pressure-sensing elerpent. In
liquid-filled systems remove all gas from the pnubber
to the pressure-sensing element or reduce the Jamount
of dampening.

3.6.6 Temperature Effect on Response Time. |[A lower
temperature that results in a more viscous gressure
medium will increase the response time. This| will be
most noticeable on start-up.

3.6.7 Location. The snubber should be lo
close as possible to the instrument.

3.6.8 Entrapped Gas. Entrapped gas in g liquid-
filled system will result in a slow response o initial
pressurization, will cause the instrument to be|slow to
reach zero when pressure is removed, and will affect
instrument accuracy to some extent.

rated as

4 SAFETY
4.1 Scope

This section of the standard presents certain informa-
tion to guide users, suppliers, and manufacturers toward
minimizing the hazards that could result from misuse
or misapplication of pressure snubbers. The user should
become familiar with all sections of this Standard
(B40.5), as all aspects of safety cannot be covered in this
section. Consult the supplier for advice whenever there
is uncertainty about the application.
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4.2 General Discussion

4.2.1 Planning. Adequate safety results from intelli-
gent planning, careful selection, and proper installation.
The user should inform the supplier of all conditions
pertinent to the application and environment so that the
supplier can make the most suitable recommendation
for the application.

4.2.7
tems sufh as, but not limited to the following, are consid-
ered po¢tentially hazardous and must be carefully
evaluated:

(1) cgmpressed gas systems

(b) oxygen systems

(c) systems containing hydrogen or free hydrogen
atoms

(d) cgrrosive fluid systems (gas and liquid)

(e) pfessure systems containing any explosive or
flammaple mixture or medium

(f) stpam systems

(¢) npnsteady pressure systems

(h) systems where high overpressure could be acci-
dentally applied

(i) systems wherein interchangeability of snubber
could result in hazardous internal contamination or
where Jower pressure snubbers could be installed in
higher pressure systems

(j) systems containing radioactive or toxic fluids (lig-
uid or gases)

(k) systems installed in a hazardous environment

4.2.3 Unique Media. When snubbers are to be'used
in contdct with media having known or unceftain corro-
sive effects or known to be radioactive; random or
unique destructive phenomena can occuy In such cases
the uset should always furnish the suipplier with infor-
mation [relative to the application and solicit his advice
prior td installation of the snubber.

4.2.4 Violent Effects. (Fire and explosions within a
pressuie system can cause failure with very violent
effects] Failure in a~¢ompressed gas system can be
expectef to produce violent effects. Violent effects may
also be producéd’by other failure causes including, but
not limjted to:the following:

(a) hydrogen embrittlement

4.2.5 Caution to Users

4.2.5.1 Contamination. Oil from instrument cali-
bration or other sources should not come in contact with
the internal part of the snubber that is intended for air,
gas, or water service. If it does, unacceptable delays
in the transmission of pressure may occur, resulting in
accidental system over-pressure or failure.

ber

not be moved from one application to another. Shquld
it be necessary, the following should be consjdered
(a) Chemical Compatibility. The consequences of
incompatibility can range from contamination to explo-
sive failure. For example, moving an oikservice devide to
oxygen or other oxidants can result@n explosive failjire.
(b) Viscosity Compatibility. Theyviscosity of the pyres-
sure medium must be within’ the’range of the snubjber
being moved.
(c) Pressure Compatibility.” The operating pressur¢ of
the new installation, must not exceed the rating of|the
snubber being reused:
(d) Other Considerations. When reusing a snubber, all
guidelines coyered in this Standard (B40.5) relative to
applications should be followed in the same mannefr as
when a new snubber is selected.

5 “TESTING

5.1 General

These tests are intended to provide an outline of|the
parameters used when evaluating new snubber per-
formance and to suggest evaluation outlines. These tests
may or may not satisfy the requirements of the intenfled
application. When it is known that the snubber will
encounter conditions more severe or less severe than
those specified, the test may be modified to more clogely
match the application. A functional test in the intenfed
application is generally the best evaluation method.

5.2 Surge Generation

her-
the

To test the effectiveness of a snubber, a means of ge
ating surges and a means of measuring pressure on|
instrument side of the snubber are required.

5.3 Comparison Testing

If comparison tests are wanted, then the ability to

(b) c

(c) formation of acetylides

(d) weakening of soft soldered joints by steam or other
heat sources

(e) weakening of soft-soldered or silver-brazed joints
caused by heat sources such as fires

(f) corrosions

(g) fatigue

(h) mechanical shock

(i) excessive vibration

4 M b £ 1
TTILAITHITAlIUIT Ul d LUlllPlCDDC\J 56[3
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repeat the surge and measure it with and without the
snubber is necessary.

5.4 Test Fluid

The test fluid can be the fluid on which the snubber
will operate or, if the test is for general effectiveness of
the snubber, the fluid can be that which is used in
existing test equipment. If the choice of fluids is optional,

choose a low viscosity liquid such as water or a thin
hydraulic fluid.


https://asmenormdoc.com/api2/?name=ASME B40.100 2013.pdf

ASME B40.100-2013 (B40.5)

5.5 Test

WARNING: Failures during pressure testing are unpredictable
and may cause parts to be propelled in any direction. All pressure
testing should be conducted by qualified personnel using appro-
priate safety equipment such as safety glasses, shields, or enclo-
sures, or a combination, to prevent personal injury and property
damage. Read section 4 before conducting any testing.

to dne onother, the test temperatures should be the same.
It thay be worth noting that after a prolonged shut-
down at cold temperatures, the first pressurization will
be ¢onsiderably slower than subsequent pressurization.
This phenomenon can be overlooked if the system is
prepsurized for calibration immediately before the test.

5.5.2 Test Set-Up. See Fig. 6 for a test set-up that
hag been successfully used. It generates surges approxi-
mately twice the input pressure. A typical input surge
is shown in Fig. 7.

5.5.3 Desirable Snubber Output. The dampened
output should resemble Fig. 8. Generally the maximum
rat¢ of pressure rise would be from 5,000 psi/sec to
15,000 psi/sec; 30,000 psi/sec would be maximum for
effdctive protection of the instrument without any pres-
surp overshoot.

5.6

Hquipment can be added or changed to suit the.test
objectives. Electronic transducers and recording equip-
meht reduce observation errors and give permanent test
datp. Simultaneous records of the input and-éutput are
an jmprovement. An environmental test chamber is nec-
essqry if high and /or low temperature tests are required.

Equipment

—

5.6.1 Solenoids. The solenoids must be fast acting.

5.6.2 Twelve-Foot Coil. The 12-ft coil of tubing is to
simulate system piping. It has very little effect on the
rate of pressure rise, but it does reduce the frequency
of the surges that follow the initial surge.

5.6.3 Transducer Location. It may be desirable to
move the transducer out of the test chamber for tests
at temperatures beyond the limits of the transducer. A
second transducer could be added so surges could be

S [ and w ou e nubber a he same

5.6.4 Needle Valves. The needle valves are in the
system for convenience in setting up, but care must be
taken because a partially closed valve could atfect the
test results.

5.6.5 Temperature Measurement. The mdthod of
temperature measurement,is not important, hut it is
advisable to measure<the fluid temperature, as| well as
the ambient temperafiire, to be certain that all dlements
of the system are at the same temperature.

5.7 Test Procedure

(a) The'system should be filled with the fressure
meditm,'and all air bled from the system with particular
attention being paid to the space between the pressure
pick-up and the snubber. Filling at low pressufe helps
eliminate foam and air bubbles. Do as follows;

(b) Open needle valves 1 through 4.

(c) Close needle valve 3.

(d) Pressurize the accumulator to the test prgssure.

(e) Actuate the solenoid valves to apply prepsure to
the system and start the oscilloscope trace.

(f) When the results have been observed
recorded, actuate the solenoid valves to drop thg
pressure.

(¢) To repeat start at para. 5.7(d).

land /or
system
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Pressure

Fig. 7 Typical Input Surge

Time

GENERAL NOTE: See para. 5.5.2.
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Fig. 8 Desirable Snubber Output

Pressure

Time

GENERAL NOTE: See para. 5.5.3.
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NONMANDATORY APPENDIX A
SUPPLEMENTAL REQUIREMENTS

The following supplementary requirements established for naval shipboard applications shall apply when specified in the contract or
purchase order. When there is conflict between the Standard (ASME B40.5) and this supplement, the requirements of this supplement

A-1 SCOPE

This specification supplement covers shock resistant,
enyironmentally hardened devices that are installed
betpveen the pressure source and the pressure-sensing
element and are used to minimize the effect of pressure
su;lges on positive and negative pressure-sensing
insfruments.

A-2 GENERAL

A-2.1 Connections

Mlaterials used for connections shall be compatible
th the specified snubber body composition.

A-2.1.1 General Pressure Applications. Snubbers
used in pressure applications shall be as specified' in
parps. A-2.1.1.1 through A-2.1.1.4.

—-.

wW.

A-2.1.1.1 O-Ring Union Connection,-Snubbers
used for O-ring union pressure gauge applications shall
havje a connection in accordance with.Figs. A-1 and A-2.
WHen the O-ring union is specified;each snubber shall
be furnished with a union nut; tailpiece, and O-ring as
shgwn on Figs. A-1 and A2

A-2.1.1.2 Flareless~(Bite Type) Connection. Snub-
berp used for flareless (bite type) pressure gauge applica-
tions shall have 742in. 20 UNF-2A external threads on
the|inlet connédction and 7 in. 20 UNF-2B internal
threads on the“outlet connection in accordance with
SAE J 1926,56000 psi for % in., tubing.

A-2.1.1.3 Pressure Transducer Connection. Snub-

berkused for proccnvo transducer an]inaHr\nc shallhave

hall take-precedence-foreguipment-acauired-by this-supnplement-This-document-supersedesMIL-S-2940 Snubbers FEluid Pressure
L ororHe f Y g e e Y Y s

Instrument Protection, for new ship construction.

A-2.2 Materials

Materials for snubbers and guidance for provegn mate-
rials are specified in parasfA>2.2.2.1 through A-2.2.2.6.
Material for wetted parts.shall be selected for lopg-term
compatibility with thesservice fluid (see para. |A-4.2.2)
and shall be equalto-or superior in corrosion resistance
to that used in the'body except that corrosion-fesistant
steel is prohibited for Type 4 (seawater) snubbe}s or for
oxygen applications.

Preferable Materials. Recycled, recovered, or ¢nviron-
mentally preferable materials should be used to fhe max-
imum extent possible, provided that the materigl meets
or exceeds the operational and maintenance [require-
ments and promotes economically advantaggous life
cycle costs.

A-2.2(1 Recycled, Recovered, or Environv}:ntally

A-2.2.2 Snubber Body. The materials for cpnstruc-
tion of the bodies of snubbers may be select¢d from
compositions A, B, and C. Snubber body materjial shall
be of composition X if other than A, B, or C.

A-2.2.2.1 Composition A. The material for|compo-
sition “A” shall be copper-nickel alloy in accordance
with ASTM B122 and ASTM B151 and may be fised for
Types 1 through 4.

A-2.2.2.2 Composition B. The material forfcompo-
sition “B” shall be nickel-copper alloy in acdordance
with ASTM B127, ASTM B164, and ASTM Bj64, and
may be used for Types 1 through 4.

A-2.2.2.3 Composition C. The material for{compo-
sition “C” shall be corrosion-resistant steel {CRES),

a 74 in. 20 UNF flareless tube connection [% in., outside
diameter (O.D.)] on the inlet connection. The outlet con-
nection shall be 7% in. 20 UNF-2A external thread to
mate with the SAE ] 1926 internal connection port of
the pressure transducer. An O-ring shall be supplied on
the outlet connection.

A-2.1.1.4 Other Connections. Snubbers not used
in any of the above applications shall have connections
specified in the contract or ordering data.

Classes—364—NS-5306403),3+6—UINS-S34603), 321
(UNS 532100), or 347 (UNS S34700) and may be used
for Types 1 through 3, except oxygen applications.
Where the end connections do not require welding,
Classes 304 (UNS S30400) or 316 (UNS S31600) are also
acceptable.

A-2.2.2.4 Composition X. The material for compo-
sition “X” is any material, metallic or nonmetallic, used
for the snubber body not covered under compositions A
through C. Material shall be compatible with the service
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NOTE:

Fig. A-1 0O-Ring Union Connection

0.003
~«—0.070 57000

0.316
dia.

-
See O-ring

0.000
0.4?7 t0_003
0-Ring Detail dia.
0.000 i
0.093%5 go3 dia-

0.005R max.

groove detail

S
- Y

11-X-0.003 TIR

— 7/15 —>

+0.005
0.140 Z0.000
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=

0.252+0-908
dia.
0.000
0.390 %5602
v
— ~—3/1¢
| ©) 0.252,0.093, 0.316, 0.497, 0.003 TIR

5 deg

+0 deg
-5 deg typ

\$A324

Tail Piece Detail

0.004
~<— 0.050 %5 500

dia.
32

‘

Threaded end \

Union nut

Tail piece dia.

O-Ring Union Assembly

Dimensions are in inches.

* 0.008
T 0.090 t0.000

0.000
0.316 %5003

0O-Ring Groove Detail
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Fig. A-2 O-Ring Union Nut/Threaded End Detail

Minimum effective

thread 7/32 —

1/32 x 45 deg

Y.

15 deg both ends

/Y‘\
2\

0.005R

‘i

0.002
0.395 t0.000
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9/16 in. 18 UNF-3B

dia.

v

.
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| -X- 0.003 TIR

|© 0395 0.003TIR

< 7/16 >

+0.005
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Union Nut®Detail

l«— 11/16 hex —>

— © 0484 &0.093 dia., 0.003 TIR

45 deg *5 deg
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0.0931-0.003

0.015
0.083 5600

0.015R

dia. —
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“ 74
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e %
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GENERAL NOTE:

Dimensions are in inches.
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fluid. For composition “X,” material identification shall
be included in the snubber marking (see para. A-2.2.4).

A-2.2.2.5 Nonmetallic Materials. Nonmetals shall
be moisture and flame resistant, shall not support fungus
growth, and shall not be adversely affected by the ambi-
ent environments specified in the configuration and per-
formance requirements of this specification. Nonmetals
shall not chemically react, degrade, or outgas when sub-

word “sensor” shall be metal stamped or otherwise per-
manently marked.

A-2.2.4.2 Warning Label. Type 3 snubbers shall
have a warning label included on its primary pack
marked “oxygen” or “dry nitrogen” service, as applica-
ble for the system use when cleaned for these
applications.

A-2.3 Cleaning and Packaging

jected tp the following;:

(a) ai

(b) distilled water

(c) sdawater

(d) sqlt

(e) p¢troleum- and silicone-based oils

(f) oi] solvents

(g) prolonged (greater than 1 mo) periods of exposure
to ambient temperatures

(h) ptolonged periods of exposure to elevated tem-
peraturgs (up to 350°F)

(i) eXposure to prolonged cycling periods from ambi-
ent to elevated temperatures

Any material, which provides a nutrient medium for
fungus fand insects, shall not be used.

A-2.2.2.5.1 O-Ring. O-rings shall be fluorocar-
bon rubiber with SAE AMS 7259, hardness of 85 to 95.

A-2
metal ¢
prohibi
service.

.2.2.6 Porous Metal. Snubbers with a porous
mposition (internal parts and configuration) are
ed for gas (Type 3) or for seawater (Type4)
When used for oil or water (Types 1 and*2)
service [snubbers with porous metal compositiofisshall
only belemployed in systems with particulate ¢ontami-
nants l¢ss than 25 microns in size.

A-2.2
bled sn
have h{

.3 SnubberBody Size. Theléngth of the assem-
ibber body shall not exceed 4)in. The body shall
xagonal cross sections (ofy sufficient widths to
allow the use of a wrench fof installing and removing.
The distance across the flats/ shall not exceed 1.25 in.
The maximum diameter of the snubber body shall not
exceed P in.

A-2.2.4 Marking. Each snubber shall be metal
stampefl with the following:

(a) tHe maximum working pressure, followed by the
abbreviption “

(b) Part Ident1fy1ng Number (see para. A-4.2)

(c) manufacturer’s stamp or trademark

(d) material type (if composition “X” is used)

A-2.2.4.1 Flow Direction. The direction of flow
through the snubber shall be indicated by an arrow with
the word “sensor” at the point of the arrow. The arrow
shall be raised from the surface (0.010 in. min.) or marked
into the surface in a permanent manner and to the extent
that it can be easily identified by human touch. The

90

Surfaces of castings, forgings, molded parts, stamp-
ings, machined, and welded parts shall be freeof defects
such as cracks, porosity, undercuts, voids, and gapp as
well as sand, dirt, fins, sharp edges, scale;flux, and other
harmful or extraneous materials. External’'surfaces shall
be smooth and edges shall be either toumnded or beveled.
There shall be no warpage or dimensional change due
to heat from welding operatiohs. There shall be no dam-
age to adjacent parts resulting from welding. Unlless
special cleaning, drying,unit protection, and intermedi-
ate packaging are specified, the snubber shall be cleafied,
dried, and bagged with boxing in accordance with
ASTM D3951.

A-3 VERIFICATION
A-3.1 Responsibility for Inspection

Unless otherwise specified in the contract or purchase
order, the manufacturer is responsible for the perfopm-
ance of all inspection requirements as specified herein.
Except as otherwise specified in the contract or purchase
order, the manufacturer may use his own or any other
facilities suitable for the performance of the inspection
requirements specified herein, unless disapproved by
the buyer. The buyer reserves the right to perform pny
of the inspections set forth in the standard where such
inspections are deemed necessary to assure supplies pnd
services conform to prescribed requirements.

A-3.1.1 Responsibility for Compliance. All it
shall meet the requirements of sections A-2 and A-3.
The inspection set forth in this specification shall bec
a part of the manufacturer’s overall inspection sysfem
or quality program. The absence of any inspection
requirements in this specification shall not relieve
manufacturer of the responsibility of assuring tha
products or supplies submitted to the government
acceptance Comply with all requirements of the contyact.

at1ons, isan acceptable practlce to ascertam conformance
to requirements, however, this does not authorize sub-
mission of known defective material, either indicated or
actual, nor does it commit the buyer to accept defective
material.

A-3.2 Classification of Inspections

A-3.2.1 Qualification Inspection. Qualification
inspection shall consist of examination and tests speci-
fied in Table A-1 and shall be performed and passed
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Table A-1 Qualification and Conformance

A-3.4 General Examination

The snubbers shall be subjected to a thorough exami-
nation to ascertain that the material, finish, workman-
ship, construction, assembly, dimensions, and marking
are in conformance with the requirements of this specifi-
cation. Examinations shall be limited to disassembling
the snubbers to the extent that the performance, durabil-
ity, or appearance would not be affected.

Inspections
Qualification Conformance
Inspection Inspection Inspection

Examination X X
Steady-state transmission X ...
Dampening X X
Temperature X
Vlbl L;UII /(
Shofk X
Pregsure integrity X

pri¢r to production. Qualification inspection shall be
performed on samples that have been produced with
eqyipment and procedures normally used in production.

A-3.2.1.1 Sample Size. Two snubber samples of
each type, class, and composition shall be subjected to
the|qualification inspection.

A\-3.2.2 Conformance Inspection. Conformance
inspection shall be performed at the place of manufac-
tur¢. Conformance inspection shall consist of the exami-
natjon and tests specified in Table A-1 and shall be
performed on samples selected from each lot.

A-3.2.2.1 Lot. A lot shall consist of all snubbers
of the same type, class, composition, and end connection
mahufactured at one time.

A-3.2.2.2 Sampling. Sample selection:shall be in
accprdance with ANSI/ASQC Z1.4, inspection level I,
accpptable quality level (AQL); 1%2% nonconformities

apply.

A-3.2.2.3 Nonconformity. “The AQL for each non-
confformity is as shown in~Fable A-2.

A-3.2.3 Acceptance Criteria. If any snubber sample
failg to meet the imspection requirements of Table A-1,
no fsnubbers shallybe accepted until the manufacturer
has| determinedsthe cause of the defect and has taken
the| necessaryaction to correct or eliminate the defect
from eachisnubber in the lot. The failed test shall be

this specification. In addition, the results of previous
tests may be deemed invalid, unless the manufacturer
can prove to the satisfaction of the buyer that such test
would not be adversely impacted by the corrective
action.

A-3.3 Test Conditions

Test conditions shall be as specified in the applicable
examinations and test procedures.
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A-3.5 Test Procedures and Requirements

Tests shall be conducted as described below.|For the
dampening test, a storage oscilloscope,|oscilldgraphic
recorder, or other data acquisitioncsystem with a fre-
quency response sufficient to resolve full scal¢ deflec-
tions in 10 milliseconds or less shall be used. Inptit signal
resolution shall be 2% or less«of full scale. Signals from
both the test and mondtoring transducers ghall be
recorded simultaneously: (see para. A-3.5.2). With the
exception of the dampening test, which requireq the use
of pressure transducers, all other tests may be m¢nitored
with either a pressure transducer or a pressurp gauge
of suitable-range which shall have accuracies ¢f 1% of
span or/better and shall have an overpressure fating of
atleast 125% of upper range value. To maintain spifficient
accuracy, the maximum upper range limit for apy pres-
sure transducer or pressure gauge shall not exceg¢d twice
the maximum pressure expected in any test. In addition,
controls of the storage oscilloscope, oscillographic
recorder, or other data acquisition system should be set
that recorded signals are at least 50% of full scalg. Except
for the dampening tests that require a specific ffll fluid,
the others may employ fresh water as the fill [fluid. If
fresh water is used as the fill fluid for the temperature
test, provision should be made to employ a [suitable
additive to prevent freezing. As applicable, the pnubber
should be thoroughly cleaned prior to conducting the
dampening test. The fill fluids for the dampening tests
shall be as follows:

(a) for Type 1, 2190-TEP oil or equivalent

(b) for Types 2 and 4, fresh water

(c) for Type 3, air or nitrogen

Unless otherwise indicated, the pressure transducer
or pressure gauge shall be connected to the output side
of the snubber with only an adapter fitting between
them. Except where temperature is a variable,|the test
in this specification shall be conducted at an pmbient

A-3.5.1 Steady-State Transmission. A reference
measurement shall be made employing either a pressure
transducer, or pressure gauge, both with and without a
snubber. The reference measurement shall be made both
upscale and down scale at the test pressures for the
applicable class (see para. A-4.2.3) as shown in Table A-3.
The difference in indicated output with and without the
snubber under test shall be within the accuracy limits
of the pressure instrumentation employed.
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Table A-2 AQL for Nonconformities

Categories Nonconformities AQL

Critical

1 Evidence that snubbers for oxygen service are not cleaned, 0
improperly marked, or improperly packaged.

2 Snubber does not meet the pressure integrity. 0

Major

101 Evidence of unauthorized material. 0

102 Inspection systems are not provided, dimensional tolerances 0
not maintained, mounting dimensions not interchangeable,
pressure connection wrong design, or dimensions erroneous.

103 Snubber does not meet steady state transmission or 0
dampening.

104 Markings not provided or erroneous; part number not provided. 0

Minor

202 Evidence that snubber for nonoxygen service are not’cleaned. 1Y%

203 Finish non-conforming, scratched, chipped; burrs/met\removed. 4

204 Cleaning, drying, preservation, packaging, or packing. 4

Table A-3 Steady-State Transmission Pressures

Snubber Class

Operating Range Uppér’Limit,

Test Pressures,

(See Para. A-4.2.3) psi psi
L 10/1,000 10; 250; 500; 750; 1,000
H 1,001/6,000 1,200; 2,400; 3,600; 4,800; 6,000

A-3.5.2 Dampening. The dampening test shall be
conducted using an apparatus similar to that shown on
Fig. A-3. A step change shall besmade from atmospheric
pressurg to 200 psi +10 psi forClass L snubbers and from
atmospheric pressure to1,500 psi +100 psi for Class H
snubbefs. The pressure-step change shall be accom-
plished|in 100 milliseconds or less as measured with
the mopitoring pressure transducer. Both the test and
monitofing presstre transducers shall have frequency
response chardcteristics sufficient to respond to and pro-
duce a1} electrical signal output in response to a full-

A-3.5.2.1 Procedure. The following procedfire,
applicable to Fig. A-3, may be used to perform the damp-
ening test:

(a) Ensure that V2 and V4 are closed and that| V3
is open.
(b) Utilizing V3, introduce the fill fluid, as applicgble
in the monitoring and test transducer legs. Loosen|the
fittings at T1 and T2 to ensure a complete fill. Tighten all
transducer fittings and close V3 after the fill proceduye is

complete.
(o)

scale pressure change occurring in 10 milliseconds or
less. The pressure as indicated by the test pressure trans-
ducer shall satisfy the following criteria:

(a) Indicate a pressure of 25% or less of the final
steady-state pressure at a time equal to that at which
the monitoring pressure transducer initially reaches its
step pressure level.

(b) Reach at least 90% of its final steady-state pressure
in not more than 2.5 sec after initiation of the pressure
step as indicated by the monitoring transducer.
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(e Utilizing Vi -pressurizethe high-presstrereseroir
with nitrogen to a value sufficient to ensure that the
pressure step change in the transducer legs will satisfy
the criteria of para. A-3.5.2. Close V1.

(d) Energize the transducers and applicable monitor-
ing equipment, and actuate V2.

(e) After steady state has been achieved, close V2 and
relieve the test pressure by opening V4.

(f) As applicable, thoroughly clean the entire damp-
ening apparatus to remove residual traces of the fill fluid.


https://asmenormdoc.com/api2/?name=ASME B40.100 2013.pdf

ASME B40.100-2013 (B40.5)

Fig. A-3 Suggested Dampening Test Set-Up

T
P S
4 I 2 vt
><] R —] 00 >
V1 - Reservoir fill valve
V2 - Quick-opening valve
V3 - Fluid fill valve
V4 — Vent valve V3
P — Reservoir pressure monitor
R - High-pressure monitor T2
S - Pressure snubber
T1 - Test transducer
T2 - Monitor transducer

A-3.5.3 Temperature

A-3.5.3.1 High Temperature. Place the snubber in
an pnvironmental chamber and pressurize the snubber
to 250 psi + 10 psi for a Class L snubber and 1,500 psi
+ 50 psi for a Class H snubber. Increase the chamber
tenjperature from ambient to 150°F = 5°F in not less
thah 1 hr. Adjust the pressure as necessary to maintain
the[required pressure. Maintain the pressure and)tem-
perpture conditions for a minimum of 4 hr. Redtice the
chamber to ambient temperature in not léss-than 1 hr.
Remove the snubber from the chamber) Allow it to
remain at ambient temperature for,at.least 1 hr. The
snybber shall show no evidence, ofileakage or damage
and shall meet the dampening réquirement of para.
A-3.5.2 after the high temperature test.

A-3.5.3.2 Low Temperature. Place the snubber in
an pnvironmental chamber and pressurize the snubber
to 250 psi + 10 psifoi*a Class L snubber and 1,500 psi
+ 5D psi for a Clags H snubber. Decrease the chamber
temperature from ambient to 40°F + 5°F in not less than
1 hf. Adjust(the pressure as necessary to maintain the
reqpired pressure. Maintain the pressure and tempera-
tur¢ conditions for a minimum of 4 hr. Increase the

as shown'in' Table A-4. After completion of the fourth
cycle,:the snubber shall be removed from the ¢ghamber
and-allowed to stabilize at ambient conditiorfs for at
least 1 hr. The snubber shall show no evidence of|leakage
or damage and shall meet the dampening reqiirement
of para. A-3.5.2 after the temperature cycling test.

A-3.5.4 Vibration. The snubber shall be tested in
accordance with Type I (environmental) vibration of
MIL-STD-167-1 except that the upper frequency|shall be
175 Hz; the amplitude of vibration shall be in accprdance
with Table A-5; and for the variable frequency portion,
the vibration level shall be maintained for 2 minjat every
integral value of frequency. If no resonances are
observed, the 2-hr endurance test shall be cohducted
at 175 Hz. If a particular snubber is determingd to be
axisymmetric, then the vibration test need only|be con-
ducted along the two mutually perpendicular akes. The
snubber shall be pressurized to 250 psi + 10 gsi for a
Class L snubber and 1,500 psi + 50 psi for a [Class H
snubber and monitored throughout the test. Affter this
test, the snubber shall show no indication of legkage or
damage and shall meet the dampening requirgment of
para. A-3.5.2.

A-3.5.4.1 Fixture. The snubber shall be connected

chamber—toambienttemperature—innottess—thanthr
Remove the snubber from the chamber and allow it to
remain at ambient temperature for at least 1 hr. The
snubber shall show no evidence of leakage or damage
and shall meet the dampening requirement of para.
A-3.5.2 after the low temperature test.

A-3.5.3.3 Temperature Cycling. Place the snubber
in an environmental chamber. The snubber shall remain
unpressurized during the temperature cycling. The test
shall consist of four complete cycles (steps 1 through 4),
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to the outlet side of an instrument cutoff valve. The valve
and snubber assembly shall be mounted to a vertical
panel of the vibration fixture. A flexible hose shall be
used to connect the pressure source to the inlet side of
the instrument cutoff valve. A flexible hose shall be used
to connect a pressure monitor (gauge or transducer)
to the test connection port located in the stem of the
instrument cutoff valve. Flexible pressure hoses shall be
of sufficient length so as to not interfere with the vibra-
tion fixture and shall have appropriate pressure ratings.
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Table A-4 Temperature Cycle

Step Temperature Condition Duration
1 Increase temperature [Note (1)] from 75°F + 5°F to 150°F + 5°F 1 hr
2 Constant temperature of 150°F + 50°F 22 hr [Note (2)]
3 Decrease temperature to — 10°F + 5°F 2 hr
4 Constant temperature of — 10°F + 5°F 22 hr [Note (2)]
5 Increasing temperature to 75°F + 5°F [Note (3)] 1 hr

MNOTES.

(1) Ambient temperature for the first cycle.
(2) Minimum duration.
(3) Ambient temperature for the last cycle.

Table A-5 Vibratory Displacement Criteria

Frequency Range, Table Displacement, in. (Peak-to-Peak)

Hz (Inclusive) Exploratory Test Variable Frequency Test
5to 20 0.020 £ 0.004 0.060 £ 0.012
21to 50 0.010 £ 0.002 0.040 £ 0.008
51 to 100 0.003 £ 0.0006 0.020 + 0.004
101 to 175 0.001 £ 0.0002 0.003 £ 0.0006
After fiJlling and pressurizing the system, the snubber A-3.5.6 Pressure Integrity. Pressurize the Clags L

and prepsure monitor shall be isolated from the pressure ;shubber to 1,500 psi and the Class H snubber to 9,000psi.
source py means of the instrument cutoff valve. Test \\"Isolate the pressurized snubber from the pressure sotirce
fixturing shall replicate typical shipboard installation: and monitor the snubber pressure with the approprjiate

A-3.5.5 Shock. A lightweight shock test shall be range pressure transducer or pressure gauge. Mainfain

th f iod of 1 hr. After this test,|th
conducted in accordance with MIL-5-901 for-Grade A, © pressure fof a period o R et s tes ¢

) ; snubber shall show no evidence of leakage or damfage
Class 1f Type A equipment. A total of nine blows shall "0 o ge dampening requirements of phra.

be appljed, three blows applied parallel to each axis of A-3.5.2.

the snubber. The snubber shall be pressurized to 250 psi

+ 10 ps] for a Class L snubber and {1,500 psi + 50 psi for

a Class|H snubber and monitorfed throughout the test.

The snybber shall show no indication of leakage or dam- A-4  ORDERING PARAMETERS
age and shall meet the dampening requirements of para.

A-352. A-4.1 Acquisition Requirements
A-3.5.5.1 Fixture.) The snubber shall be connected Acquisition documents should specify the followng:
to the opitlet side’ofan instrument cutoff valve. The valve (a) title, number, and date of this specification
and sniibber<assémbly shall be mounted to a vertical (b) Part Identifying Number (PIN)
panel c;]1 a type 6D-1 adapter plate. A flexible hose shall (c) when qualification is required
be used to/connect the pressure source to the inlet side (d)-specialmarking

—HRRARS

of the instrument cutoff valve. A flexible hose shall be
used to connect a pressure monitor (gauge or transducer) .
to the test connection port located in the stem of the A-4.2 Part Identifying Number (PIN) Parameters
instrument cutoff valve. Flexible pressure hoses shall be

ne ’ ' The parameters for PIN are as follows:
of sufficient length so as to not interfere with the shock

fixture and shall have appropriate pressure ratings. (a) Type

After filling and pressurizing the system, the snubber (b) Class -

and pressure monitor shall be isolated from the pressure (c) composition
source by means of the instrument cutoff valve. Test (d) end connection
fixturing shall replicate typical shipboard installation. (e) cleanliness
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A-4.2.1 Part Identifying Number (PIN) Format. The
PINs to be used for items acquired to this supplement
shall be created as follows:

EXAMPLE: B40.5A1-1LCPG

B40.5A1 1 L C P G
Precedes Type Class Composition End Cleanliness
classification connection

Cleanliness Application
G General
X Oxygen and dry nitro-

gen

A-5 REFERENCES
ANSI/ASQC Z1.4, Sampling Procedures and Tables for

R-&.2.Z Types.” The type of service in which the
snybber will be used shall be designated by one of the
follpowing numbers and shall be selected based on the
expected fluid and fluid temperature (viscosity) at the
snuybber location.

Type Service

1 Oil, hydraulic fluid above 20 centistokes
at operating temperature. Oil above
225 saybolt universal seconds at
operating temperatures

2 Fresh water, steam, gasoline, light oils
below 20 centistokes at operating tem-
perature

3 Gases

4 Seawater

A-4.2.3 Class. The range of operating pressures is
dedignated by a single character.

Class Operating Range Limit, psi
L 10 to 1,000
H 1,001 to 6,000

\-4.2.4 Composition. The material composition of

the|snubber is designated by one letter.

Composition Material,

A Copper nickel alloy (see para. A-2.2.2.1)

B Nickel-copper alloy {see'para. A-2.2.2.2)

C Corrosion resisting steel (see para. A-2.2.2.3)
X Other (see paraw A-2.2.2.4)

\-4.2.5 End Connectiofiy;~The configuration for the
snybber’s end connection is designated by a single
chafracter.

In Qppr‘h' aon by Attributes

Publisher: American National Standards I]llstitute
(ANSI), 25 West 43rd Street, New York, "N} 10036
(www.ansi.org)

ASTM B122, Standard Specification.for CoppertNickel-
Tin Alloy, Copper-Nickel-Zine Alloy (Nickell Silver),
and Copper-Nickel Alloy|\Plate, Sheet, Stijip, and
Rolled Bar

ASTM B127, Standard §pecification for Nickel
Alloy (UNS N04400)-Plate, Sheet, and Strip

ASTM B151, Standard’ Specification for CoppertNickel-
Zinc Alloy (Nickel Silver) and Copper-Nickel Rod
and Bar

ASTM B164) ‘Standard Specification for Nickel
Alloy\Rod, Bar, and Wire

ASTM.B564, Aluminum and Aluminum-Nicke¢l Alloy
Forgings

ASTM D3951, Standard Practice for Com
Packaging

Copper

Copper

mercial

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Driyve, P.O.
Box C700, West Conshohocken, PA 19428-29%9
(www.astm.org)

MIL-S-901, Shock Tests, High Impact, Shipboard
Machinery, Equipment and Systems Requirements
MIL-STD-167-1, Mechanical Vibrations of Shjpboard
Equipment (Type I — Environmental and Type II -
Internally Excited

MIL-STD-1330, Standard Practice for Precision (
and Testing of Shipboard Oxygen, Helium,
Oxygen, Nitrogen and Hydrogen Systems

leaning
Helium-

Publisher: Federal specifications available from:

s.gov/

(FKM)

c Fnd Abolicati Superintendent of Documents, U.S. Government
ornection pplication Printing Office (GPO), 732 N. Capitol Strept, NW,
P Pressure gauge O-ring union (see para. Washington, DC 20401 (www.gpoacces
A-21.11) index.html)
R Pressure gauge flareless [Bite type (see para.
A-2.112)] SAE AMS 7259 T\’ingcl Qpn]ingal Fluorocarbon
T Pressure transducer (see para. A-2.1.1.3) Rubber High-Temperature-Fluid Resistant Very-Low
S Other. The end connections must be specified in Compression Set 85 to 95

the contract or ordering data.

A-4.2.6 Cleanliness. The level of cleanliness of the
snubber is designated by a single character. Cleaning
for oxygen applications shall be in accordance with
MIL-STD-1330. Cleaning for general applications shall
be in accordance with Cleanliness Level IV, Table 2 of
ASME B40.1.

95

SAE J 1926, Connections for General Use and Fluid
Power — Ports and Stud Ends with ISO 725 Threads
and O-Ring Sealing — Part 1: Threaded Port with
O-Ring Seal in Truncated Housing

Publisher: Society of Automotive Engineers (SAE
International), 400 Commonwealth Drive,
Warrendale, PA 15096 (www.sae.org)
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PRESSURE LIMITER VALVES

1 SCOPE

This Standard (B40 6) is confined to devices that pro-

environment: the conditions external to the device,
including weather, temperature, humidity, salt spray,

tect prepsure-sensing instruments from pressure sources
in the eyent of system pressure rising above the adjusted
closing |pressure of the device. These devices are not
pressurg regulators. Pressure limiter valves are designed
only to[ prevent the passage of excessive pressure to
downstiream pressure-sensing instruments. Hereafter,
pressurg limiter valves may be referred to as “devices.”

2 PRE
2.1 Pu

Presspire limiter valves are used to protect pressure-
sensing| instruments against damage, loss of accuracy,
and/of rupture in the event of excessive system
pressurg.

SSURE LIMITER VALVES, GENERAL
pose

2.2 Pripciple of Operation

Gengdrally, these devices consist of the following
comporjents:

(a) bpdy with inlet and outlet ports, designed to
contain|maximum system design pressure

(b) pfessure-sensing element

(c) rqnge spring

(d) mjechanism for sealing or isolating the(outlet port
from thg inlet port

The pressure-sensing element has_system pressure
working against an adjustable range'\spring. The range
spring Holds the sealing mechanismiin the open position,
allowing system pressure into the ihstrument. Increasing
load or] the adjustable range-spring increases closing
pressurg, and decreasing the’load lowers closing pres-
sure. Ak system pressure overcomes the force of the
range spring, the préssure-sensing element moves, caus-
ing the|sealing sfiechanism to close. With the sealing
mechanism clesed, the outlet side is isolated from
increasing system pressure and the instrument is pro-
tected. A§syStem pressure drops to the reopening pres-

opens and allows transmission of system pressure back
into the instrument.

2.3 Pressure Limiter Valve Terminology

closing range: the minimum and maximum values of
closing pressure.

element, pressure-sensing: the element that, in conjunction
with a range spring, converts a pressure change into
motion.
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vibration, corrosive atmosphere, and other similar ¢on-
ditions, that could affect the performance of the\degfice.

medium: the process fluid (gas or liquid).

pressure, burst: the maximum pressure,(above whigh a
device may no longer hold pressure.

pressure, closing: the system pressurgat which the sealing
mechanism closes, isolating the préssure-sensing insfru-
ment from rising system pressure.

pressure, maximum inlet: the maximum pressure that
be applied to the inlet\port of a pressure limiter v
continually or repeatedly without degradation in
performance of the valve.

can
Ive
the

pressure, maximum working: maximum inlet pressure;see

pressure, mpximum inlet.

pressure,~over-range: the maximum pressure differential
between inlet and outlet ports for a given closing pjres-
sure. This pressure may be continuously or repeat¢dly
applied without degradation in performance. It may be
expressed as a pressure or as a percentage of the cloging
pressure above the closing pressure.

pressure, proof: the pressure a device can withstand with-
out degradation in performance. Repeated application
of proof pressure may be destructive.

pressure, reopening: the system pressure at which a clgsed
sealing mechanism reopens, generally expressed 3s a
percentage of closing pressure.

pressure, rupture: the pressure differential between inlet
and outlet ports at which the device may no longer lfmit
pressure.

pressure-sensing instrument: instrument being prote¢ted

by the pressure limiter valve.
pressure, set: closing pressure; see pressure, closing.

pressure, system: the pressure of the process mediurh at

pulsation: a periodic surge.

range spring: the spring against which the pressure-
sensing element works. Changing the load on the range
spring changes the closing pressure.

rate of pressure change: pressure change per time interval.

repeatability of closing pressure: the maximum difference
between a number of consecutive closing pressures for
the same applied rate of pressure change under the
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