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This standard is issued under the fixed designation F 2070; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope ANSI/ISA S37.1 shall apply, except as modified by the

1.1 This specification covers the requirements for pressurg€finitions listed as follows: _
and differential pressure transducers for general applications. 3:1.1 absolute pressure-pressure measured relative to zero
1.2 The values stated in S units are to be regarded as tH¥€ssure (vacuum). N (ANSI/ISA S37.1)
standard. The values given in parentheses are for information 3-1.2 ambient conditions-conditions such as pressure and
only. Where information is to be specified, it shall be stated ifemperature of the medium surrounding the case of the
Sl units. transducer. (ANSI/ISA S37.1)
1.3 This standard does not purport to address all of the 3.1.3 burst pressure-the maximum pressure applied to the
safety concerns, if any, associated with its use. It is thdransducer sensing element W'thOL{t_ rupture of the sensing
responsibility of the user of this standard to establish appro-(3|ement or tran.sducer case as s_peC|f|gd.
priate safety and health practices, and determine the applica- 3.1.4 calibration—the test during which known values of
bility of regulatory limitations prior to use. measurands_ are applied to the transducer a_n_d corresp_o_ndmg
1.4 Special requirements for naval shipboard application§utput readings are recorded under specified conditions.

are included in Supplementary Requirements S1, S2, and S3. (ANSI/ISA S37.1)
3.1.5 common mode pressure¢he common mode pressure

2. Referenced Documents is static line pressure applied simultaneously to both pressure
2.1 ASTM Standards: sides of the transducer for the differential pressure transducer
D 3951 Practice for Commercial Packaging only.

2.2 ANSI/ISA Standards: 3.1.6 differential pressure-the difference in pressure be-
ANSI/ISA S37.1 Electrical Transducer Nomenclature andtween two points of measurement. (ANSI/ISA S37.1)
Terminology? 3.1.7 environmental conditions-specified external condi-
2.3 ISO Standard: tions, such as shock, vibration, and temperature, to which a

ISO 9001 Quality System—Model for Quality Assurance in transducer may be exposed during shipping, storage, handling,
Design/Development, Production, Installation, and Serand operation. (ANSI/ISA S37.1)
vicing? 3.1.8 error—the algebraic difference between the indicated

value and the true value of the measurand.

3. Terminology (ANSI/ISA S37.1)

3.1 3.1.9 fiber-optic pressure transducera device that con-

Terms marked with (ANSI/ISA S37.1) are taken directly from verts fluid pressure, by means of changes in fiber-optic
ANSI/ISA S37.1 (R-1982) and are included for the conve-Properties, to an output that is a function of the applied
nience of the usebefinitions—Terminology consistent with measurand. The fiber-optic pressure transducer normally con-
sists of a sensor head, optoelectronics module, and connector-
ized fiber-optic cable.
3.1.10 hysteresis-the maximum difference in output, at any
1 This specification is under the jurisdiction of ASTM Committee F25 on Ships measurand value within the specified range, when the value is

and Marine Technology and is the direct responsibility of Subcommittee F25.10 o . . . . . .
Electrical. pproached first with increasing and then with decreasing

Current edition approved Dec. 10, 2000. Published March 2001. measurand. (ANSI/ISA S37.1)
2 Annual Book of ASTM Standardéol 15.09. 3.1.11 insulation resistance-the resistance measured be-

3 Available from American National Standards Institute, 11 W. 42nd St., l3thtween insulated portions of a transducer and between the
Floor, New York, NY 10036. . . e
4 Available from International Organization for Standardization, Case Postale 56',”3U|ated pOI’tIOI"IS of a transducer and ground when a specmed

Geneve, Switzerland CH-1211. dc voltage is applied under specified conditions.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.1.12 line pressure-the pressure relative to which a dif-  3.1.32 wetted parts—transducer components with at least
ferential pressure transducer measures pressure. one surface in direct contact with the process medium.

(ANSI/ISA S37.1)

3.1.13 operating environmental conditiorsenvironmental _ _

conditions during exposure to which a transducer must perform 4-1 Designatior—Most transducer manufacturers use des-

4. Classification

in some specified manner. (ANSI/ISA S37.1) ignations or systematic numbering or identifying codes. Once
3.1.14 optical—involving the use of light-sensitive devices Understood, these designations could aid the purchaser in
to acquire information. quickly identifying the transducer type, range, application, and

3.1.15 optical fiber—a very thin filament or fiber, made of other parameters.

dielectric materials, that is enclosed by material of lower index 4'2. Des||g|| Ptr;ehsstu_re_ tran?dutce.rtsh ttr)]/plcally consu?‘jt. of ad
of refraction and transmits light throughout its length bysensmgeemen atis in contact with the process medium an
internal reflections. a transduction element that modifies the signal from the

. , sensing element to produce an electrical or optical output.
o o 12 Joer ggme pars of th anscucer may be hermetcaly sedled i
detector, and signal conditioner devices necessary to conv jijose parts are sgnsmve to and may be e xposed tq mo!st.ure.
the senéed pressure to the specified output signal “ressure connections must be threaded \{wth appropriate fittings
. ) - to connect the transducer to standard pipe fittings or to other
3.1.17 output—electrical or numerical quantity, produc_:ed propriate leak-proof fittings. The output cable must be
by a transducer or measurement system, that is a function Qb rely fastened to the body of the transducer. A variety of
the applied measurand. ) ) sensing elements are used in pressure transducers. The most
3.1.18 overpressure-the maximum magnitude of measur- common elements are diaphragms, bellows, capsules, Bourdon
and that can be applied to a transducer without causing fpes, and piezoelectric crystals. The function of the sensing
change in performance beyond the specified tolerance. element is to produce a measurable response to applied
3.1.19 pressure cycling-the specified minimum number of pressure or vacuum. The response may be sensed directly on
specified periodic pressure changes over which a transducgfe element or a separate sensor may be used to detect element
will operate and meet the specified performance. response. The following is a brief introduction to the major
3.1.20 pressure rating-the maximum allowable applied pressure sensing technology design categories.
pressure of a differential pressure transducer. 4.2.1 Electrical Pressure Transducers
3.1.21 process mediumthe measured fluid (measurand) 4.2.1.1 Differential Transformer TransducerLinear vari-
that comes in contact with the sensing element. able differential transformers (LVDT) are variable reluctance
3.1.22 range—measurand values, over which a transduceidevices. Pressure-induced sensor movement, usually transmit-
is intended to measure, specified by their upper and loweted through a mechanical linkage, moves a core within a
limits. (ANSI/ISA S37.1)  differential transformer. Sensors are most commonly bellows,
3.1.23 repeatability—ability of a transducer to reproduce capsules, or Bourdon tubes. The movement of the core within
output readings when the same measurand value is applied tlae differential transformer results in a change in reluctance
it consecutively, under the same conditions, and in the sam@at translates to a voltage output. An amplifying mechanical

direction. (ANSI/ISA $37.1) linkage may be used to obtain adequate core movement.
3.1.24 response-the measured output of a transducer to a_4-2.1.2 Potentiometric  Transduce+Pressure-induced
specified change in measurand. movement of the sensing element causes movement of a

dcpotentiometer wiper resulting in a change in resistance which

3.1.25 ripple—the peak-to-peak ac component of the ;
PP P P P translates to a voltage output. A bellows or Bourdon tube is

output. ) o
3.1.26 sensing elementthat part of the transducer that gﬁ?nr}:;%rrl);i#f;deafn;he ;:nﬁgegd e:gmgggéi’:nazzp&gggw?];
responds directly to the measurand. (ANSI/ISA S37.1) 9 Y q P

o : ) movement.
3.1.27 sensitivity facto&the ratio of the change in trans- 4.2.1.3 Strain Gage TransducerTypical strain gage pres-
ducer output to a change in the valye of the measuranq. sure transducers convert a pressure into a change in resistance
3.1.28 sensor head-the transduction element of the fiber- 4e o strain which translates to a relative voltage output.

optic pressure transducer that detects fluid pressure by meapgassyre-induced movement in the sensing element deforms

of changes in optical properties. strain elements. The strain elements of a typical strain gage
3.1.29 signal conditioner—an electronic device that makes pressure transducer are active arms of a Wheatstone Bridge

the output signal from a transduction element compatible withyrrangement. As pressure increases, the bridge becomes elec-

a readout system. trically unbalanced as a result of the deformation of the strain
3.1.30 static error band—static error band is the maximum elements providing a change in voltage output.

deviation from a straight line drawn through the coordinates of 4.2.1.4 Variable Capacitance TransducesVariable capaci-

the lower range limit at specified transducer output, and theéance pressure transducers sense changes in capacitance with

upper range limit at specified transducer output expressed ithanges in pressure. Typically, a diaphragm is positioned

percent of transducer span. between two stator plates. Pressure-induced diaphragm deflec-
3.1.31 transducer—device that provides a usable output in tion changes the circuit capacitance, which is detected and
response to a specified measurand. (ANSI/ISA S37.1ranslated into a change in voltage output.
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4.2.1.5 Variable Reluctance TransdueeiVariable reluc- 4.5 Application—The following is provided as a general
tance pressure transducers sense changes in reluctance witrmparison of different types of transducers and considerations
changes in pressure. Typically, a diaphragm is positionedior application.
between two ferric core coil sensors that when excited produce 4.5.1 LVDT TransducerThe sensor element may become
a magnetic field. Pressure-induced diaphragm deflectionomplicated depending on the amount of motion required for
changes the reluctance, which is detected and translated tocare displacement. Careful consideration should be exercised
change in voltage output. when the application includes very low- or high-pressure
4.2.1.6 Piezoelectric TransducerPiezoelectric transducers Measurement, overpressure exposure, or high levels of vibra-
consist of crystals made of quartz, tourmaline, or ceramidion- quefull cons@erauon should also be ex_erusegi wh.en
material. Pressure-induced changes in crystal electrical profP€asuring differential pressure of process media having high

erties cause the crystal to produce an electrical output which [@i€/€ctric constants, especially liquid media. If the process
detected and translated to a change in voltage output. media is allowed to enter the gap between the sensor element
4.2.2 Fiber-Optic Pressure Transducers and core, accuracy may suffer. Frequency response may suffer

) depending on the type of mechanical linkage(s) used in the
4.2.2.1 Fabry-Perot Interferometer-Fabry-Perot interfer- tansducer.

ometers (FPI) consist of two mirrors facing each other, the 4 5 5 ptentiometric Pressure TransdueePotentiometric

space between the mirrors being called the cavity length. Lightessure transducers are generally less complicated than other
reflected in the FPI is wavelength modulated in exact accorgesigns. Careful consideration should be exercised when the
dance with the cavity length. Pressure-induced movement of,pication includes very low pressure measurement, overpres-
one of the mirrors causes a measurable change in cavity lengiiire exposure, high levels of vibration, stability and repeatabil-
and a phase change in the reflected light signal. This change jig over extended periods of time, or extremely high resolution
optically detected and processed. requirements. Frequency response may suffer depending on the
4.2.2.2 Bragg Grating Interferometer-A Bragg grating is  type of mechanical linkage(s) used. Technological advances
contained in a section about 1 cm long and acts as a narrohave yielded more reliable designs that are commonly used.
band filter that detects variation in the optical properties of the 4.5.3 Strain Gage TransducersLow-level output strain
fiber. When the fiber is illuminated with an ordinary light gage transducers are among the most common pressure trans-
source such as an LED, only a narrow band of light will beducers. They are available in very compact packages which
reflected back from the grating section of the fiber. If a pressuréend well in applications in which size is critical. Strain gage
is applied to the grating section of the fiber, the grating periodransducers that demonstrate high degrees of accuracy and
changes, and hence, the wavelength of the reflected lighgxcellent frequency response characteristics are readily avail-
which can be measured. able. Careful consideration should be exercised when the
4.2.2.3 Quartz Resonators Typically, a pair of quartz reso- application includes very low-pressure measurement, very low
nators are inside the pressure transducer. These are excited 8§ Or delay, high vibration levels, extreme overpressure
the incoming optical signal. One resonator is load-sensitive anffduirements, or critical stability over extended periods.
vibrates at a frequency determined by the applied pressure. The4.5.4 Variable Capacitance Transducers/ariable capaci-
second resonator vibrates at a frequency that varies with tH@nce transducers are well suited to measure dry, clean gases at
internal temperature of the transducer. Optical frequency sigl€'y low pressures with a high degree of accuracy. Careful
nals from the resonators are transmitted back to the 0ptoe|egpn5|derat|on should be exercised when measuring differential

tronics interface unit. The interface unit provides an output ofressure of process media having high dielectric constants,
temperature-compensated pressure. especially liquid media. If the process media is allowed to enter

the gap between the diaphragm and stators, accuracy may
suffer. Process media that alters the dielectric constant between

. . 2 o _ e diaphragm and stators also alters the output of the trans-
using photolithographic micromachining. The deflection of thISducer unless isolation devices such as membranes or olil fills
micromachined membrane is detected and measured usilage used

I'gh.t‘ The light S dellvered_ to the sensor head through AN 45,5 variable Reluctance Transducerd/ariable reluc-
optical fiber. The light returning from the membrane is propor- ;
tional to the pressure deflection of the membrane and itanc_e transdl_Jcers_ are well su_lted o measure most process
. . X X edia, especially if the core coil sensors are isolated from the
delivered back to a detector through an (.)ptlcallflber. .The f'be[)rocess media. Variable reluctance transducers are well suited
and the sensor head are packaged within a thin tubing. for applications that include high shock or vibration levels,
4.3 Types—The following are common types of pressure extreme overpressure requirements, high degrees of accuracy,
and differential pressure transducers: pressure, differentiabr critical stability over extended periods. Careful consider-
pressure (gage, absolute and sealed); pressure, vacuum; a&ifbn should be exercised when evaluating size, weight, and
pressure, compound. cost. All reluctance devices are affected by strong magnetic
4.4 Process Medium-The following are the most common fields.
types of process media: freshwater, oil, condensate, steam,4.5.6 Piezoelectric TransducersPiezoelectric transducers
nitrogen and other inert gases, seawater, flue gas and ammongme very effective in measuring changes in pressure. The
and oxygen. piezoelectric crystals only produce an output when they

4.2.2.4 Micromachined Membrane/Diaphragm
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experience a change in load. With adequate signal conditioners5.2.11 System operating characteristics, such as pressure
they can also be used to perform static measurements. and flow rate,
4.5.7 Fiber-Optic Pressure TransducersFiber-optic pres- 5.2.12 Materials,
sure transducers can be used in virtually all applications. They 5.2.13 Environmental requirements, such as vibration and
are extremely sensitive and are beneficial for high resolutiommbient temperature,
measurements. They are unaffected by electromagnetic inter-5.2.14 Quantity of transducers required,
ference and are recommended in applications where EMI is a 5.2.15 Size and weight restrictions (see 7.7),
problem. These transducers are by nature intrinsically safe and5.2.16 Critical service life requirements (see 8.1),
are especially applicable for hazardous environments. 5.2.17 Performance requirements (see 8.2),
4.6 Range—Each manufacturer of transducers advertises a 5.2.18 Special surface finish requirements (see 9.1),
standard operating range for their offered selections but there is 5.2.19 Special cleaning requirements (see 9.2),
no industry-wide standard of specific ranges for transducers. 5.2.20 When certification is required (see Section 13),
Ranges are available that cover applications from vacuums to 5.2.21 Special marking requirements (see Section 14),
210 MPaG (30000 psig). Refer to individual manufacturer 5.2.22 Special packaging or package marking requirements
recommendations on range best suited to each application ¢(gee Section 15),
specify an exact range if the range is a critical characteristic. 5.2.23 When ISO 9001 quality assurance system is not
4.7 Pressure Rating-Pressure rating applies only to differ- required (see 16.1), and
ential pressure transducers. Differential pressure transducers5.2.24 Special warranty requirements (see 16.2).
must be selected with a pressure rating for the maximum media
pressure to be encountered. The purchaser should refer & Materials and Manufacture

specific manufacturer guidance to ensure a transducer has theg 4 Sensing ElementsThe materials for the sensing ele-

proper pressure rating for each intended application. ment and wetted parts shall be selected for long-term compat-
4.8 Power Supph~—Power supplies furnish eXC|tat|qn to the ibility (see 8.1) with the process medium (see 4.4).
transducer. Power supplies may include batteries; line-

powered, electronically regulated, dc power supplies; or ag Physical Properties

power directly from the power system. | f ling i ired. th hani
4.9 Output—Output signals can be electrical or optical /-1 Enclosure—If case sealing is required, the mechanism,

dependent on design. Output must be measurable and muBgterials, and process shall be described. The same should
correspond with pressure applied within the range of th@pply to the electrical _connector. The Iong—term resistance to
transducer. Multiple output signals shall be provided wherfommon process media should be stated. Resistance to clean-

specified. One signal shall be designated as the prime and tife solvents ShOUId likewise be State,‘?'- Upique or SPe.C.ia'
other as supplemental. enclosure requirements shall be specified in the acquisition

4.10 Pressure ConnectieaThe pressure connection is the re(;uggrmentg (see ?\)IZ). ineT d |
opening of the transducer used to allow the process medium to /-2 Transducer Mounting-Transducers are commonly

reach the sensing element. Differential pressure transducefdounted directly by their pressure connections or through the
have two pressure connections, a high-pressure port and e of bracke.tg, or'5|'mllar hardware. Mounting force or torque
low-pressure port shall be specified if it tends to affect transducer performance.

Mounting error shall be specified in terms of percent of
full-scale output or within the static error band under specified

5. Ordering Information o .
, , conditions of mounting force or torque.
5.1 The purchaser should provide the manufacturer with all 7 3 gxternal Configuration-The outline drawing shall

of the pertinent application data shown in accordance with 5.2pqyy the configuration with dimensions in Sl units (inch-
If special application operating conditions exist that are NOthound units). The outline drawing shall include limiting
shown in the acquisition requirements, they should also bgimensions for pressure and electrical connections if they are

described. _ o not specified. The outline drawing shall indicate the mounting
5.2 Acquisition RequirementsAcquisition documents  method with hole size, center location, and other pertinent

should specify the following: dimensions. Where threaded holes are used, thread specifica-
5.2.1 Title, number, and date of this specification, tions shall be provided.

5.2.2 Manufacturer’s part number, 7.4 Standard Electrical ConnectierAn electrical interface
5.2.3 Range, pressure rating (differential only), power supconnector receptacle and mating plug shall be provided with
ply, output, each transducer unless otherwise specified in the contract (see
5.2.4 Mounting method (see 7.2), 5.1). Optional possible electrical interface connections include

5.2.5 Type of pressure connection (see 7.5), pigtails and terminal boards.

5.2.6 Type of electrical connection (see 7.4), 7.5 Pressure ConnectiorsPressure connections com-

5.2.7 When an electrical connection mating plug is not to banonly consist of pipe thread, hose tube fittings, O-ring union,
provided (see 7.4), O-ring union face seal, and others.

5.2.8 System process medium, 7.6 Damping—The use of a media for damping in transduc-

5.2.9 Prime output signal, ers shall be specified including the type, composition, and

5.2.10 Supplemental output signal, if required, compatibility with transducer components and materials.
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7.7 Size and WeightThe purchaser may have intended 12. Inspection

applications in which size and weight are limited. Size and 12 1 Classification of InspectiorsThe inspection require-
weight restrictions shall be specified in the ordering informa-ments specified herein are classified as follows:
tion (see 5.2). 12.1.1 First-article tests (see 12.2).
12.1.2 Conformance tests (see 12.3).
) ) o 12.2 First-Article Tests—First-article test requirements
8.; .Serwce' Llfg—The purchaser may have a minimum spa|| be specified, where applicable. First-article test methods
speqlfled_ serwce_llfe requirement that may be _cr|t|cal. C”t'?alshould be identified for each design and performance charac-
service life requirements shall be specified in the orderingeisiic specified. Test report documentation requirements
information (see 5.2). should also be specified.
8.2 Transducer PerformaneePerformance tolerances are 12 3 conformance TestsConformance testing shall be
usually specified in percent of transducer output span. Criticaépeciﬁed when applicable. Conformance testing shall be con-

performance requirements shall be specified in the orderingycted on all units manufactured for delivery unless otherwise
information (see 5.2). The following performance charactens-speciﬁed in the contract.

tics and environmental exposures may or may not be important
to each purchaser’s intended application: static error band,3. Certification

repeatability, hysteresis, sensitivity factor, ripple, warm-up 13.1 When specified in the acquisition requirements (see

time, steady-state supply voltage and frequency (ac), steadg-‘z), the purchaser shall be furnished certification that samples

ztnaéefrzupggcvogigetrggfe;?ssponlse’ é:?;séegtcsﬂzw]y (;’r(;:ag%presenting each lot have been either tested or inspected as
frequ y (ac), ; upply voilag ( ) Peralure ected in this specification and the requirements have been
humidity, overpressure, line pressure (differential only), sal ot

spray, pressure cycling, insulation resistance, vibration, shock,
burst pressure, output, enclosure, electromagnetic interferengg  proguct Marking

(EMI), common mode pressure (differential only), pressure - . .
rating (differential only), and power system harmonic distor- 14.1 The purchaser specified product marking shall be listed
tion ' in the acquisition requirements (see 5.2). The minimum data to

be clearly marked on each transducer shall include the follow-
9. Workmanship, Finish and Appearance ing:

9.1 Finish and Appearanee-Any special surface finishand ~ 14-1.1 Manufacturer's name,
appearance requirements shall be specified in the ordering 14-1-2 Manufacturer’s part number,
information (see 5.2). 14.1.3 Serial number or lot number,

9.2 Transducer Cleaning-Any special cleaning require-  14-1.4 Date of manufacture,

ments shall be specified in the ordering information (see 5.2). 14.1.5 Ran_ge,_
14.1.6 Excitation voltage, and

10. Number of Tests and Retests 14.1.7 Pressure rating (differential pressure transducers

10.1 Test SpecimerThe number of test specimens to be MY)- _ , ,
subjected to first-article tests shall be specified and should 14-2 For differential pressure transducers, the high- and
depend on the transducer design. As guidance, if each range/f¥V-Pressure connections shall be clearly marked on the
covered by a separate and distinct design, a test specimen fégnsducer body adjacent to the connections.
each range should require testing. In instances in which . .
singular design series may cover multiple ranges and types,?a":" Packaging and Package Marking
minimum of three test specimens should be tested provided the 15.1 Packaging of Product for DeliveryThe product
electrical, optical, and mechanical similarities are approved byghould be packaged for shipment in accordance with Practice
the purchaser. It is suggested that three units, one unit eadh3951.
representing the low, medium, and high ranges, be tested, 15.2 Any special packaging or package marking require-

8. Performance Requirements

regardless of design similarity. ments for shipment or storage shall be identified in the ordering
10.1.1 Low Range-Less than 700 kPa (less than 100 information (see 5.2).

Ib/in.). ,
10.1.2 Medium Range-700 kPa to less than 7 MPa (100 to 16. Quality Assurance

less than 1000 Ib/iR). 16.1 Quality System-A quality assurance system in accor-
10.1.3 High Range—7 MPa and greater (1000 Ib/inand  dance with ISO 9001 shall be maintained to control the quality

greater). of the product being supplied effectively, unless otherwise

specified in the acquisition requirements (see 5.2).
11. Test Methods 16.2 Responsibility for Warranty-Unless otherwise speci-

11.1 Test Data—All test data shall remain on file at the fied, the manufacturer is responsible for the following:
manufacturer's facility for review by the purchaser upon 16.2.1 All materials used to produce a unit and
request. It is recommended that test data be retained in the 16.2.2 Workmanship to produce the unit.
manufacturer’s files for at least three years, or a period of time 16.3 Special warranty requirements shall be specified in the
acceptable to the purchaser and the manufacturer. acquisition requirements (see 5.2).
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17. Keywords

17.1 differential pressure transmitter; fiber-optic pressure
transducer; miniature; optoelectronics module; pressure and
differential pressure transducers; pressure transmitter; sensing
element; sensor head; transduction element

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirement, established for U.S. naval shipboard application, shall
apply when specified in the contract or purchase order. When there is conflict between this
specification and this supplementary requirement, this supplementary requirement shall take prece-
dence. This document supersedes MIL-T-247&@&nsducer, Pressure and Differential Pressure,
Miniature (Electrical) for new ship construction.

S1. TRANSDUCERS, PRESSURE AND S1.4 Designation
DIFFERENTIAL PRESSURE, MINIATURE S1.4.1 Designatior—For this specification pressure trans-
(ELECTRICAL) ducers, designations shall be assigned in accordance with
S1.1 Scope S1.5.1 and listed in the following below:
S1.1.1 This supplement covers the requirements for minia- feationd Eéample: F255XMSl-DD-CF-S-DCZ-Z-N-M;\IlOOD " 100D
H H H cification
ture pressure find differential pressure transduce_rs desgnedﬁ@iXMSl Type Application Press Power Output Press Mounting Range
meet the requirements for use onboard naval ships. Rating Supply Conn
S1.1.2 The values stated in Sl units are to be regarded as the $14.251.43  S14.4 S14.5 S14.6 S1.47S148 S14.9

standard. Inch-pound units are provided for information only. S1.4.2 Types—The following designators have been estab-
Where information is to be SpeCiﬁEd, it shall be stated in SlllShEd for the various types of transducers:

units. D—Pressure, differential
S1.2 Referenced Documents P—Pressure (gage, absolute and sealed)
S1.2.11S0O Standard: V—Pressure, vacuum

6149-1 Connections for Fluid Power and General Use— c_pressure, compound
Ports and Stud Ends with 1ISO 261 Threads and O-Ring s3 4.3 Application—The following application designa-
Sealing—Part 1: Ports with O-Ring Seal in Truncated Houstions have been established for the corresponding process

ing* media:
S1.2.2NEMA Standard: F—Freshwater, oil, condensate, steam, nitrogen, and other
250 Enclosures for Electrical Equipment (1000 Volts Maxi- inert gases
mum)® S—Seawater
S1.2.3 Military Standards: G—Flue gas and ammonia
MIL-S-901 Shock Tests, H.l. (High-Impact); Shipboard x__oxygen
Machinery, Equipment and Systems, R(.aquwement%.for S1.4.4 Pressure Rating-The pressure rating shall be indi-
MIL-STD-167-1 Mechanical Vibrations of Shipboard cateq py the designator for its numerical value for Type D
Equipment (Type | —Environmental and Type ll—Internally yransducers (“X” for Type P, V, and C transducers) and shall be
Excitedf _ ~ limited to the following:
MIL-STD-461 Electromagnetic Interference Characteristics Designator Rating, kPaG Inch-Pound, psig
of Subsystems and Equipment, Requirements for the Control
of® 1 100 15
MIL-STD-1399, Section 300 Interface Standard for Ship- 2 r oo b
board Systems, Electric Power, Alternating Curfent a 4000 600
MS3452 Connector, Receptacle, Electric, Box Mounting, 5 10 000 1500
Rear Release, Crimp Contact, AN T{pe e o o
MS3456 Connector, Plug, Electrical, Rear Release, Crimp o
Contact, AN typé S1.4.5 E’ower SupphkTransducers shallloperate with either
S1.3 Terminology ac or dc input power, but not both. Designators shall be as
S1.3.1 Terminology is consistent with that of Section 3 andfollows: _

S1.4.5.2 ac—Alternating-current supply.
S1.4.6 Output—The dc electrical signal output of the trans-

5 Available from National Electrical Manufacturers Association, 1300 N. 17th ducer shall be designated by the foIIowing designatorS'
St., Suite 1847, Rosslyn, VA 22209. 2 2 ’
6 Available from U.S. Government Standardization Documents Order Desk, 700 —4-20 mA

Robbins Ave., Philadelphia, PA 19111. 3—0-5V
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4—0-12V Letter Sl Units Inch-Pound Units
5—0-3mv V  kPaV—kiloPascals, vacuum Hg—inches of mercury vacuum
6—0-200 pV A kPaA—kiloPascals, absolute psia—pounds per square inch, ab-
S1.4.7 Pressure ConnectierTransducer pressure sensin solute

T p g D  kPaD—kiloPascals, differential psid—pounds per square inch, dif-

connection shall be as follows: ferential
N—M12 X 1.5 (7/16_20 UNF-ZB) (see 81.7.5) G  kPaG—kiloPascals, gage ps;gagsounds per square inch,
X—Y¥4 nps, 155-mm (6_in.) |ong pipe nipp|e (see 51.7.5) S kPaS—kiloPascals, sealed at psis—pounds per square inch,
101.4 kPaA sealed at 14.7 psia

Z—Other W  kPaW—kiloPascals, water column WC—inches of water column

S1.4.8 Transducer MountingLThe transducer mou nting N KPawD—kiloPascals, water col- WCD—inches of water column,
. umn, differential differential
method shall be designated as follows:

P—Pressure port connection S1.5 Ordering Information
M—Mounting plate S1.5.1 The purchaser shall provide the manufacturer with
Il of the pertinent application data in accordance with S1.5.2.

be designated by two parts. The first part shall be the designat rspecial_ a_pplication operating conditions exist that are not in
for the upper range value. The second part shall be th e acquisition requirements, they shall also be described.

designator for the upper range unit of measure (see S1.4.9.1). 51.5.2Acquisition RequirementsAcquisition documents
The transducer pressure ranges shall be in accordance wighall specify the following:

S1.4.9 Range—The pressure range of the transducer shal

Table S1.1. S1.5.2.1 Title, number, and date of this specification.
S1.4.9.1Units—The units shall be designated by the corre- S1.5.2.2 Part designation.
sponding letter designator and are limited to the following: S1.5.2.3 National Stock Number (NSN), if available.

TABLE S1.1 Range

Type D Type P Type C Type V
Sl Units
Differential Pressure Differential Pressure Water Pressure Ranges, kPaG, = Water Column Ranges, Compound Ranges, Vacuum Range,
Ranges, kPaD Column Ranges, kPaWwD kPaA or kPasS” kPaw kPaV/kPaG kPaV

Range Designator Range Designator Range Designator Range Designator Range Designator Range Designator
0-100 100 0-2.5 2 0-100 100 0-2.5 2 100/150 150 0-100 100
0-200 200 0-15 15 0-200 200 0-15 15 100/300 300
0-400 400 0-40 40 0-350 350 0-40 40 100/900 900
0-700 700 0-75 75 0-400 400 0-75 75 100/1500 1500
0-1400 1400 0-700 700 100/2400 2400
0-2800 2800 0-850 850 100/4000 4000
0-4000 4K 0-1 400 1400

0-2 000 2K

0-4 000 4K

0-6 000 6K

0-7 000 7K

0-10 000 10K

0-20 000 20K

0-40 000 40K

0-70 000 70K

Inch-Pound Units

Differential Pressure Differential Pressure Water Pressure Ranges, psig, Water Column Ranges, Compound Ranges, Vacuum Range,
Ranges, psid Column Ranges, WCD psia, or psis”® wcC Hg-0-psig Hg
Range Designator Range Designator Range Designator Range Designator Range Designator Range Designator
0-15 100 0-10 2 0-15 100 0-10 2 30-0-15 150 0-30 100
0-30 200 0-60 15 0-30 200 0-60 15 30-0-30 300
0-60 400 0-150 40 0-50 350 0-150 40 30-0-100 900
0-100 700 0-300 75 0-60 400 0-300 75 30-0-150 1500
0-200 1400 0-100 700 30-0-300 2400
0-400 2800 0-125 850 30-0-600 4000
0-600 4K 0-200 1400
0-300 2K
0-600 4K
0-900 6K
0-1 000 7K
0-1 500 10K
0-3 000 20K
0-6 000 40K
0-10 000 70K

AFor upper range values of 7000 kPa (1000 Ib/in.?) and above.
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S1.5.2.4 Mounting method, if other than specified herein. TABLE S1.2 Material Versus Application

S1.5.2.5 Type of pressure connection, if other than specified Sensing Element and brocess Medium
herein. Wetted Parts

S1.5.2.6 Type of electrical connection, if other than speci- Application  Application - Application - Application
fied h . Designation Designation Designation Designation
ied herein. _ _ _ _ - S G X

81.5.2.7_ When the electrical connection mating plug is nof;-g 304L, 316L, 321 & X X
to be provided. 347

S1.5.2.8 Quantity of transducers required. CREdS 11;3;3 PP:' 17-4 PH, X

. . . an -

S1.5.2.9 If deviation requests are required when departingonel and K-Monel X X X

from material guidance. Inconel 600 and 750 X X
1 i i Inconel 625 and 718 X X

S1.5.2.10 Wher_1 first-article test_s are requwed. Hastelloy G276 X X X

S1.5.2.11 Special product marking requirements. Titanium CP and 6A1-4V X X

S1.5.2.12 Special packaging or package marking requireﬁ,“g” 70/30 ; X X

i Span

ments. . . Tantalum X X

S1.5.2.13 When ISO 9001 quality assurance system is n@rpenter A286 X X
required.

S1.5.2.14 Special warranty requirements.

S1.5.3First-Article Tests-When first-article testing is re- he transducer is mounted by its pressure connection, the
quired, the purchaser should provide specific guidance tgounting plate shall not be required (see S1.5.2). If the
offerors whether the item(s) should be a preproduction samplgyansducer is mounted by its pressure port connection and the
a first-article sample, a first production item, a sample selectegoynting plate is provided, mounting holes shall not be
from the first production items, or a standard production itemyequired.
from the manufacturer's current inventory. The number of g1 7 3External Configuration-The transducer shall have
items to be tested in accordance with S1.12.4 should bgp external configuration within the boundaries established by
specified. The purchaser should include specific instructions ifjg. 51.1.
acquisition documents regarding arrangements for tests, ap-sj 7.4 Electrical Connector-An electrical interface con-
proval of first-article test results and time period for approvalnector receptacle and mating plug shall be provided with each
and disposition of first articles. Invitations for bids should yransducer unless otherwise specified. The electrical connector
provide that the purchaser reserves the right to waive thgnhall pe a standard threaded coupling receptacle, AN type,
requirement for samples for first-article testing to those Manuy|S3452\W/14S-5P, or equivalent, for dc-power input, or AN
facturers offering a product that has been previously acquire pe, MS3452W/14S-5PX, or equivalent, for ac-power input.
or tested by the purchaser; and that manufacturers offering sugfe mating plug shall be a MS3456W/14S-5S, or equivalent,
products, who wish to rely on such production or test, musgg, dc-power input, or MS3456W/14S-5SX, or equivalent, for
furnish evidence with the bid that prior purchaser approval i%c—power input.
presently appropriate for the pending contract. The manufac- g1 7.4.1dc-Power Input—Output-2The receptacle shall
ture of items before purchaser approval should be specified &g wired to provide the performance described herein. Recep-
the responsibility of the manufacturer. tacle Pin A shall be +28-Vdc power input, Pin B shall be

S1.6 Materials —28-Vdc power input, and Pin C shall be case ground.

S1.6.1Sensing ElementsThe materials for the sensing Receptacle Pins A and B shall also serve as the 4- to 20-mA dc
element and wetted parts shall be selected for long-terngignal output.
compatibility (see S1.8.1) with the process medium (see S1.7.4.2dc Power Input—Output 3, 4, 5-6The receptacle
S1.4.3). Table S1.2 is provided for guidance as acceptablénall be wired to provide the performance described herein.
material and process medium compatibility. Dissimilar metalsReceptacle Pin A shall be +28-Vdc power input, Pin B shall be
shall not be used in contact with each other unless suitably28-vdc power input, Pin C shall be case ground, Pin D shall
finished to prevent electrolytic corrosion. When departing frompe positive dc voltage signal output, and Pin E shall be
this guidance, the manufacturer shall provide evidence ofiegative dc voltage signal output.
material compatibility to the procuring activity, unless speci- S1.7.4.3ac Power Input—Output-2The receptacle shall
fied otherwise (see S1.5.1). be wired to provide the performance described herein. Recep-

S1.7 Physical Properties tacle Pins Aand B shall be 115-Vac power input, Pin C shall be

S1.7.1 Enclosure—The transducer body and pressure cavitycase ground, Pin D shall be +4- to 20-mA dc-signal output, and
shall be environmentally sealed unless otherwise specified. THein E shall be —4- to 20-mA dc signal output.
transducer enclosure shall be Type 4 in accordance with S1.7.4.4ac Power Input—Output 3, 4, 5-6The receptacle
NEMA Standard 250. shall be wired to provide the performance described herein.

S1.7.2 Transducer Mounting-The transducer shall have a Receptacle Pins A and B shall be 115-Vac power input, Pin C
mounting plate as shown on Fig. S1.1. If required in a specifishall be case ground, Pin D shall be positive dc-voltage signal
application and with prior approval of the purchaser, theoutput, and Pin E shall be negative dc voltage signal output.
transducer may be mounted by its pressure piping connection. S1.7.5 Pressure ConnectiorsUnless otherwise specified,
For Type D transducers, the high-pressure port shall be used. tiffansducer pressure-sensing connections for all services shall
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D—w - H
— B—— - THRU HOLE FOR BOLT
//” (B DIA - 2 PLACES)
! ==
T LOW PRESSURE
I&l CONNECTION
c [ ¢ G (TYPE D ONLY)
\\\
\ e G CONNECTION
i ! (HIGH PRESSURE
Ve ELECTRICAL FOR TYPE D)
N\ CONNECTION
MOUNTING PLATE - Y E
Dimension mm in.
A 72 2.83
B 7.2 £0.15 0.281 *= 0.005
C 90 max 3.5 max
D 6.5 max 0.25 max
E 50.0 max 2.0 max
F 76.0 = F =101.0 30=F=140
G 63.5 2.5
H 19.0 =H = 25.0 075=H=1.0

Note 1—Transducer housing (body) cross section is shown as circular. Any alternate cross section not exceeding 50 mm (2 in.) in width and 50 mm
(2 in.) in height is acceptable.
Note 2—Dimension tolerance is plus or minus 1.25 mm (0.05 in.), unless otherwise specified.
Note 3—The pressure connection(s) shall be generally located as shown.
FIG. S1.1 External Configuration

be M12X 1.5 (%16-20 UNF-2B) tube connection in accordance S1.8.3 Output—The electrical signal output of the trans-
with 1SO 6149-1. When pressure connection Type X isducer shall be dc, directly proportional to the pressure or
specified, as commonly used on submarine oxygen replenishifferential pressure input. The output shall be a true current
ment systems, the transducer sensing connections shall besaurce or true voltage source.
nickel-copper pipe nipplé/sa nominal pipe size (nps) with S1.8.3.1Current Output—When a 4- to 20-mA current
3.1-mm (0.12-in.) minimum wall thickness, 155 mm (6 in.) output is specified (see S1.5.2), the requirements specified
long, welded to the socket (see S1.5.2). For Type D transdudierein shall be met regardless of external load resistance
ers, the high-pressure connection shall be on the end and tkariations over a range from 0 to 25D The 4-mA output shall
low-pressure connection shall be on the side (see Fig. S1.1)correspond to the lower pressure or differential pressure range
S1.7.6 Welding—For Application X, all pressure boundary value, and the 20-mA output shall correspond to the upper

joints shall be welded. pressure or differential pressure range value for the ranges
S1.7.7 Lubrication—The transducer shall operate without specified in Table S1.1.

lubrication of moving parts after assembly. S1.8.3.2Voltage Output-When a voltage output is speci-
S1.7.8 Damping—The use of a media for damping in fied (see S1.5.2), the requirements specified herein shall be met

transducers shall be cited on the equipment drawing. for external load resistance exceeding 100 @D0The 0-V
S1.7.9 Weight—The weight of a transducer shall not exceedoutput shall correspond to the lower pressure or differential

510 g (18 0z). pressure range value, and the 5-V, 12-V, 3-mV, and 200-pV
S1.8 Performance Requirements output shall correspond to the upper pressure or differential

S1.8.1 Service Life—The transducer shall be constructed for pressure range value for the ranges specified in Table S1.1.
a life of 40 000 h of operation and shall meet the requirements S1.8.4 Transducer PerformaneeUnless otherwise speci-
specified herein when operated in the naval shipboard enviroriied, performance tolerances are specified in percent of trans-
ment. ducer output span.

S1.8.2Input Power—The transducer shall be designed to S1.8.4.1Static Error Band—The transducer static error
operate using 115-V, 60-Hz, single-phase, ungrounded, dgand shall not exceedt0.5 %.
power as defined in MIL-STD-1399, Section 300 or 28 S1.8.4.20utput—The output shall conform to S1.8.3, and
4.5-Vdc power. The transducer shall operate with power supplyhe transducer performance shall be within the static error band
variations as specified in S1.11.2.8 and S1.11.2.11. specified in S1.8.4.1.
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S1.8.4.3Warm-Up Time—The transducer output shall attain ~ S1.8.4.16Insulation ResistaneeThe insulation resistance
a value within =0.5 % of the steady-state output with no of the transducer shall be not less than 10M
overshoot in excess of 0.5 %. Output shall reach this band S1.8.4.17Vibration—Monitored transducer output during
within 15 s after the transducer is energized and shall remain iall phases of vibration test shall show no variation from

this band. steady-state output in excess of 2 %. There shall be no visible
S1.8.4.4Enclosure—The transducer shall meet all test cri- evidence of damage to the transducer as a result of the
teria in NEMA Standard 250 for Type 4X enclosures. vibration test.

S1.8.4.5Repeatability-Repeatability of the transducer out-  S1.8.4.18Shock—The transducer shall operate during and
put shall be within 0.5 %. after the shock test. After the shock test, the transducer output
S1.8.4.6Sensitivity Facto—The sensitivity factor shall not shall have no value in excess of 1% deviation from the
be less than 0.75 nor more than 1.25. preshock test reference measurement. There shall be no visual

S1.8.4.7Ripple—The transducer root mean square (rms)evidence of damage to the transducer as a result of the shock
output ripple shall not exceed 0.15 % of full-scale dc output. test.

S1.8.4.8 Steady-State Supply Voltage and Frequency (ac) or S1.8.4.19Burst Pressure-The transducer shall withstand
Supply Voltage (de}-The maximum difference between out- the burst pressure specified in S1.11.2.19 without showing any
puts at any voltage and frequency or voltage (for dc) conditiorevidence of leakage.
and the normal (115-V, 60-Hz, or 28-Vdc) at the same input S1.8.4.20Electromagnetic Interference (EMBThe trans-
and test temperature (differential pressure shall be included fafucers shall meet the requirements of Table Il of MIL-STD-
Type D) shall not exceed 0.5 %. 461, except as modified as follows:

S1.8.4.9Common Mode Pressure (Type D Onlfpuring (1) CE101—The test signal shall be applied only to the ac
the common mode pressure test, transducer performance shgliwer leads of the test sample.

be within the range formed by extending the upper and lower (2) CE102—The test signal shall be applied only to the ac
static error band limits specified in S1.8.4.1 by a percentagfower leads of the test sample.

equal to the following: (3) CS114—Only Limit Curve #2 shall apply with the
(system pressure rating,, frequency range limited from 10 kHz to 30 MHz.
(1110 Fifferential pressure range (4) RE101—Only the limit curve for 50 cm shall apply.

S1.8.4.10Response-Transducer output shall conform to  (5) RS103—The frequency range shall be limited from 10
the following criteria, where all percentages are of transduce'\r‘/';|Z to 18 GHz with an electric field strength test level of 10
span: m. N

(1) The transducer output shall be within2 % of the S1.9 Workmanship, Finish, and Appearance
maximum ramp pressure within 0.01 s of the time that pressure S1.9.1 Transducer Cleaning-The manufacturer shall en-

is attained. sure that pressure transducers shall be free of all loose scale,
(2) The transducer output shall exhibit no overshoot offust, grit, filings, and other foreign substances and free of
maximum ramp pressure in excess of 2 %. mercury, oil, grease, or other organic materials. In addition, the

(3) The transducer output shall indicate the actual pressure f@llowing shall apply:
within £19% in 0.175 s or less after attainment of the S1.9.1.1 Transducers for oxygen service, Application X (see
maximum ramp pressure, and shall remain within this erro$1.4.3), shall be clean gas calibrated, cleaned, and pressure
band for the duration of the applied steady-state pressure. connections capped.
S1.8.4.11Transient Supply Voltage and Frequency (ac) or S1.9.1.2 Transducers for all other applications shall be
Supply Voltage (dc): freshwater or clean gas calibrated, cleaned, and pressure
(1) Voltage—During the voltage transient test, the transducerconnections capped.
output shall remain within=0.5 % of the pretransient output. ~ S1.10 Number of Tests and Retests
(2) Frequency—During the frequency transient test, the S1.10.1 The number of test specimens to be subjected to
transducer output shall remain within0.5 % of the steady- first-article and conformance tests shall depend on the trans-
state output. ducer design. If each range is covered by a separate and distinct
S1.8.4.12Temperature-During the temperature test, the design, a test specimen for each range shall require testing. In
transducer performance shall be within the static error banthstances in which a singular design series may cover multiple
specified in S1.8.4.1. ranges and types, only three test specimens need be tested
S1.8.4.130verpressure-The calibration conducted after provided the electrical and mechanical similarities are ap-
the overpressure test shall have no values in excess of 1 ggoved by the purchaser. In no case, however, shall less than
deviation from the pre-overpressure test reference measurthree units, one unit each representing the low, medium, and
ment. high ranges, be tested, regardless of design similarity.
S1.8.4.14Line Pressure (Type D OnbpAfter the line S1.10.1.1Low Range-Less than 700 kPa (less than 100
pressure test, the transducer performance shall be within tHb/in.?).
static error band specified in S1.8.4.1. S1.10.1.2Medium Range-700 kPa to less than 7 MPa (100
S1.8.4.15Pressure Cycling-The calibration conducted af- to less than 1000 Ib/ify.
ter completion of pressure cycling test shall have no values in S1.10.1.3High Range—7 MPa and greater (1000 Ib/frand
excess of 1 % deviation from pretest reference measuremengreater).

10
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S1.11 Test Methods S1.11.2.7Ripple—Transducer output root mean square

S1.11.1Test Conditions-Except where the following fac- ripple shall be determined at an input pressure (differential
tors are the variables, the tests specified in S1.11.2 shall wessure for Type D) of 80+ 5% of transducer span.
conducted with the equipment under the following operatingPerformance shall conform to the requirements of S1.8.4.7.

environmental conditions: S1.11.2.8Steady-State Supply Voltage and Frequency (ac)
S1.11.1.1 Ambient temperature shall be 232°C. or Supply Voltage (de}-The transducer shall be operated at
S1.11.1.2 Relative humidity shall be ambient. normal, maximum, and minimum steady-state voltages (dc)

S1.11.2 Tests—Except for the warm-up time test (see and at all possible combinations of normal, maximum, and
S.1.11.2.3), the transducer and all associated test equipmeRinimum voltages and frequencies (ac). The ambient tempera-
shall be energized for a period of time sufficient to ensurdure shall also vary, with the transducer operated for at least 15
complete warm-up. min at each test temperature before the first reference measure-

S1.11.2.1Reference Measuremenf reference measure- Ment. The transducer shall be allowed at least 15 min to
ment consisting of one-trial calibration with at least five Stabilize at each configuration at which point a reference
equally spaced intervals over the entire transducer range bofRé@surement shall be taken (see S1.11.2.1). Reference mea-
upscale and downscale shall be conducted when specified fyréments shall be performed at ambient temperaturestof 0
the individual test. 2, 25 = 2, and 65+ 2°C. Test temperatures shall be

S1.11.2.20utput—A reference measurement shall be made3ccOmplished by varying temperature in steps of 10°C each (30

in accordance with S1.11.2.1. Performance shall conform tﬁnin for each step) until the desired ambient temperature is
the requirements of S1.8.4.2. reached. Performance shall conform to S1.8.4.8.

S1.11.2.3Warm-Up Time-The test shall be conducted to _ S1-11.2.9Common Mode Pressure (Transducer Type D
determine the elapsed time between the application of lin&nly)—The rated pressure of the transducer shall be applied

power to the transducer and the point at which the transducéimultaneously to both pressure ports. The pressure at the
output reaches the conditions specified in S1.8.4.3. ow-pressure port shall then be decreased in pressure incre-

S1.11.2.3.1Test Conditions-The transducer shall be sub- Ments specified in S1.11.2.1 to the specified transducer range

jected to the ambient temperature of the testing location whil@nd then increased in similar increments to the transducer-rated
! essure. Performance shall conform to S1.8.4.9.

deenergized, for not less than 2 h. Recording equipment arlf ) )

other auxiliary equipment shall be energized to ensure com- S1-11.2.10Response-A pressure (differential pressure for
plete warm-up. An input pressure (differential pressure for!YP€ D) ramp consisting of a pressure (differential pressure for
Type D) of 80= 5 % of the transducer span shall be applied toTYPe D) rise of at least 40 % of transducer' span occurring at a
the transducer and maintained constant during this test. Perfdi@t of not less than 400 %/s shall be applied to the transducer.
mance shall conform to S1.8.4. The maximum ramp pressure shall be maintained for at least

S1.11.2.4Enclosure—The enclosure shall be subjected to 9-20 S and shall not vary by more thar2 % of the transducer

the tests in NEMA Standard 250 for Type 4X enclosures SPa"- Performance shall conform to S1.8.4.10.

Performance shall conform to S1.8.4.4. S1.11.2.11Transient Supply Voltage and Frequency (ac) or
S1.11.2.5Static Error Band and RepeatabilityThe trans-  >uPPly Voltage (dejTests shall be conducted with a pressure

ducer shall first be flexed over its full-pressure range by slownfdifferential pressure for Type D) input signal equal to 80

. . . . . . 0,
increasing and decreasing the applied pressure for six conting- 0 Of the transducer span. Performance shall conform to the

ous cycles. The calibration measurement shall be made at'§avirements of S1.8.4.11.

minimum of five equally spaced intervals over the entire range (1) Transient Voltage:

(both upscale and downscale). Precaution shall be taken to (&) Upper and Lower Limits of Steady-State Voltag/ith

avoid overshoot. This calibration procedure shall be appliedhe transducer operating at the upper and lower limits of

three successive times to determine repeatability. Static erréteady-state ac voltage, the ac-powered transducer shall have a

band of all calibrations shall meet the requirements of S1.8.4.fransient voltage of no more thah16 %, recovering to the

Repeatability shall meet the requirements of S1.8.4.5. steady-state band in 2 s, superimposed. With the transducer
S1.11.2.6Sensitivity FactorThe sensitivity factor shall be OP€rating at the upper and lower limits of steady-state dc

determined as follows: Provide a pressure (differential pressuré°ltage, the dc-powered transducer shall have a transient

for Type D) to the transducer to a level of 805 % of span. voltage of no more Fhar:tz V, respgctlvely, recovering to the

Record the input pressure (differential pressure) and correstéady-state band in 2 s, superimposed. Performance shall

sponding electrical output. Increase the pressure (differenti@onform to the requirements of S1.8.4.11.

pressure) by an amount not exceeding 1 % of span. Record (2) Transient Frequency (for ac-Powered Transducers):

both the new pressure (differential pressure) and corresponding (a) Upper Limit of Steady-State FrequereWith the trans-

new electrical output. Calculate the change in both appliedlucer operating at the upper limit of steady-state frequency, a

pressure (differential pressure) and electrical output as tansient frequency of +1.5 Hz recovering to the steady-state

percentage of transducer span. Determine the ratio of electricRnd i 2 s shall be superimposed. Performance shall conform

output percentage change to applied pressure (differentid the requirements of S1.8.4.11.

pressure) percent change. Repeat this procedure for a pressuréb) Lower Limit of Steady-State FrequereyVith the trans-

(differential pressure) decrease not exceeding 1 % of spawlucer operating at the lower limit of steady-state frequency, a

Performance shall conform to the requirements of S1.8.4.6. transient frequency of —1.5 Hz recovering to the steady-state

11
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band h 2 s shall be superimposed. Performance shall conform S1.11.2.17Vibration—The transducer shall be tested in

to the requirements of S1.8.4.11. accordance with Type | vibration of MIL-STD-167-1 except
S1.11.2.12Temperature-The transducer shall operate nor- that the upper frequency shall be 175 Hz. The amplitude of

mally (without alignment or adjustment) throughout the fol- vibration shall be in accordance with Table S1.3 and for the

lowing temperature cycle. Tolerances in operating characterig/ariable frequency portion, the vibration level shall be main-

tics shall be as specified herein. tained for 2 min at each integral value of frequency. If no
(1) Hold the test temperature at-d 2°C for at least 24 h.  resonance frequencies are observed, the 2-h endurance test

(2) Increase the test temperature in steps of 10° each, at hall be conducted at 175 Hz. During the vibration test, a fluid
min for each step, until +6& 2°C is reached and hold at that Pressure of 8@ 5 % of the transducer span shall be applied to
temperature for at least 4 h. the transducer. Transducer output during the test shall be

; itored. Performance shall conform to S1.8.4.17.
(3) Reduce the test temperature in steps of 10° each, at Jgon .
min for each step, until +25 2°C is reached and hold at that Sl.él.Z.lSShﬁcé—Tge Ehocclk teslts _?hall ge cqndubctﬁ(c:] md
temperature for at least 4 h. At each temperature plateau (0, paccoraance with Grade A, Class 1, Type C using bulkhea

and 25°C), a reference measurement (see S1.11.2.1) shall unting z?;ture 4'IA of MIL-Sf—90_|1_. Dugngftg&ts/st, fa ;Iuid
made. Performance shall conform to S1.8.4.12. pressure (differential pressure tor Type ) 0 o of the
S1.11.2.130verpressure—Before the overoressure test a transducer span shall be applied to the transducer. The trans-
e P . erp '~ ducer output during the test shall be monitored. Before and
reference measurement in accordance with S1.11.2.1 shall %?

made. The transducer shall successfully withstand ressureter the shock test, reference measurements shall be made for
e y P comparison. Performance shall conform to S1.8.4.18.
(differential pressure for Type D) equal to 200 % of its range

. ! . S1.11.2.19Burst Pressure-The transducer shall be sub-
with a maximum pressure of 85 MPa (12 000 Ifjnfor a . S .
period of ¥z h. At t?le end of this period (transduct():?s shall bejemed o a liquid pressure equal to 300 % of the range with

immediately subjected to a pressure equal to 7 kPa (1 fp/in. maximum pressure of 105 MPa (15 000 Ifrapplied to the

or 10 % of range, whichever is less, below atmospheric for ar'%ransducer (simultaneously to both sides for Type D) for a
additional period,oﬂ/z h. Within 10 r,nin after release of this beriod of 10 min. The transducer shall conform to the require-

pressure, a reference measurement (see S.1.11.2.1) shall ents of S1.8.4.19. No performance test shall be required after

made for comparison. Performance shall conform to S1.8.4.1 burst pressure test. A reference measurement (see
panson. . 0 751.11.2.1) shall be recorded for information purposes.
For Type D only, if the line pressure rating exceeds 200 % o

the differential pressure range, the overpressure test shall %981'11'2'20EM| Tests—The EMI tests shall be in accor-
omitted and 0.5% deviation shall be applied to the line ance with the test methods specified in MIL-STD-461, with

pressure test (see S.1.11.2.14), the modifications as specified in S1.8.4.20. Performance shall

. be as specified in S1.8.4.20.
S1.11.2.14Line Pressure (for Type D OnkgThe trans-

. . S1.12 Inspection
ducer shall successfully withstand the pressure rating, when S1.12.1Classification of InspectiorsThe inspection re-

applied to the high-pressure port with the low-pressure por, jirements specified herein are classified as follows:
vented to atmosphere for a period of 10 min. The preceding S1.12.1.1 First-article tests (see S.1.12.2).

shall be repeated with the pressure applied to the low-pressureg 1 12 1 2 Conformance tests (see S.1.12.3)
port of the transducer. After each test, a reference measurements; 15 5 First-Article Tests—First-article tests shall be per-

in accordance with S1.11.2.1 shall be made. Performance shlj; e pefore production. First-article tests shall be performed

conform to S1.8.4.14. . _ on samples that have been produced with equipment and
S1.11.2.15Pressure Cycling-Before performing the pres- procedures normally used in production. First-article tests shall

sure cycling test, a reference measurement shall be made (S&ghsist of the tests specified in Table S1.4. Failure of any

S.1.11.2.1). The test shall be conducted on a suitable system Byessure transducer to meet the requirements of this specifica-

applying a periodic pressure change of not more than 20 % t§on, shall be cause for rejection.

not less than 80 % of span for a total of 260 000 cycles. The g1 122 10rder of First-Article Tests-With the exception

rate of cycling shall be within the range from 0.25 to 2 Hz. Theyf the electromagnetic interference emission and susceptibility
transducer shall be energized throughout the test. After

completion of the pressure cycling test, a reference measure- TABLE S1.3 Amplitude of Vibration

ment shall be made for comparison (see S.1.11.2.1). Perfofrcgiency Range, Hz Table Amplitude

mance shall conform to Sl_.8.4.15. _ _ _ Exploratory Variable Frequency
S1.11.2.16Insulation Resistanee The insulation resistance Sl Units. mm

of the transducer shall be determined by applying 50 Vdc :

b lectrical i t d tout Ci it d bet th 5to 20 0.255 * 0.050 0.765 * 0.150
etween electrical input and output circuits and between these ;559 0.105 + 0.025 0.510 + 0.100
circuits and ground. The relative humidity shall be:5A.0 %. 51 to 100 0.0380 = 0.0075 0.255 + 0.050
The insulation resistance measurement shall be made immedi-_ 101t 175 0.0130 * 0.0025 0.0380 = 0.0075

ately after a 2-min period of uninterrupted test voltage appli- Inch-Pound Units, in.

cation. However, if the indication of insulation resistance 5 to 20 0.010 * 0.002 0.030 * 0.006
meets the specified limit (see S1.8.4.16) and is steady or 211050 0.004 + 0.001 0.020 £ 0.004
. . . 51 to 100 0.0015 + 0.0003 0.010 + 0.002
increasing, the test may be terminated before the end of the 5, 5175 0.0005 + 0.0001 0.0015 + 0.0003

2-min period.
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TABLE S1.4 First-Article Tests S1.14.1Label Plates—A label plate with engraved or
Test Test Method  Requirement stamped markings shall be permanently affixed to the trans-
Output S111.22 S1.84.2 ducer. At a minimum, it shall contain the following:
\é\/:::rlrg:d;raetime giﬂ;i 21'2'3'3 S1.14.1.1 "PRESSURE TRANSDUCER” or “DIFFEREN-
Static error band and repeatability Sl:11:2:5 51:8:4:1 and S1.8.4.5 TIAL PRESSURE TRANSDUCER’”
Sensitivity factor S111.26 S1.8.4.6 S1.14.1.2 Manufacturer’'s name,
Ripple §1.11.27 S1847 S1.14.1.3 National Stock Number (NSN), if available,

Supply voltage and frequency (steady-state) S1.11.2.8 S1.8.4.8

Common mode pressure (transducer Type S1.11.2.9 S1.8.4.9 S1.14.1.4 Date of mam’IfaCture’

D only) S1.14.1.5 Designation, and
Response S1.11.2.10 S1.8.4.10 S1.14.1.6 Pressure rating for Type D transducers.
ly vol d f ( )
Supply voltage and frequency (transient S1.11.2.11 S1.8.4.11 : P :
Temperature 111212 s18412 S1.14.2 Transduc?rs for use with Applications F and X (”see
Overpressure S1.11.2.13 S1.8.4.13 S1.4.3) shall have “USE NO OIL FOR CALIBRATION
Line pressure (transducer Type D only) S1.11.2.14 S1.8.4.14 prominenﬂy marked on the body.
Pressure cycling S1.11.2.15 S1.8.4.15 i _
Insulation resistance S111216 SL8416 Sl.14_.3 For Type D transducers, the high- and low-pressure
Vibration S1.11.2.17 S1.8.4.17 connections shall be clearly marked on the transducer body
Shock giﬂgig 21'2'3'12 adjacent to the connections.
urst pressure Al.z. .0.4. “ ”
EMI S111220 518420 S1.14.4 The legend “DO NOT LUBRICATE” shall be

prominently marked on the body.
S1.15 Packaging and Package Marking

test which may be conducted on separate transducers, the tes©1.15.1 Packaging and package marking shall be in accor-
specimens (transducers) shall be subjected to the tests speciffé@ce with Section 15.
in Table S1.4 in the order listed. Deviation of the test order S1.16 Quality Assurance . .
shall be approved by the purchaser. Sl.lG.lnghty System-A quality assurance system in
S1.12.3Conformance TestsEach pressure transducer in @ccordance with 1ISO 9001 shall be maintained to control the
each lot offered for delivery shall be subjected to the tests listeguality of the product being supplied effectively, unless other-
in Table S1.5 and shall be conducted in the order listed. Failur@iseé specified in the acquisition requirements (see S1.5.2).
of any pressure transducer to meet the requirements of this S1.16.2Warranty—Any special warranty requirements
specification shall be cause for rejection. shall be specified in the acquisition requirements (see S1.5.2).
S1.12.4General Examination-Each transducer shall be ~The following supplementary requirement, established for
given a thorough examination to determine conformance to th¥-S- haval shipboard application, shall apply when specified in
requirements of this specification with respect to materialth€ contract or purchase order. When there is conflict between
finish, workmanship, construction, assembly, dimensionsthis specification and this supplementary requirement, this
weight, and marking of identification. Examination shall be SUpPplementary requirement shall take precedence. This docu-
limited to the examinations that may be performed withoutMent supersedes MIL-S-24796ensors, Absolute Pressure,
disassembling the units. The manufacturer shall be responsibfdber Optic (Naval Shipboard Usgfor new ship construction.
for ensuring that materials used are manufactured, examine
and tested in accordance with applicable approved industr%bz' TRANSDUCERS, PRESSURE AND
standards. IFFERENTIAL PRESSURE, FIBER-OPTIC
S1.13 Certification S2.1. Scope
S1.13.1 The purchase order or contract should specify S2.1.1 This supplement covers the requirements for fiber-
whether the purchaser shall be furnished certification tha@ptic pressure transducers designed to meet the requirements
samples representing each lot have been either tested & use onboard naval ships.
inspected as directed in this specification and the requirements S2.1.2 The values stated in S units are to be regarded as the
have been met. The purchase order or contract should speci#jandard. Inch-pound units are provided for information only.
when a report of the test results shall be furnished. Otherwis@/Vhere information is to be specified, it shall be stated in SI
the purchase order or contract should specify that all test datnits.
remain on file for three years at the manufacturer’s facility for S2.2 Referenced Documents

review by the purchaser upon request. S2.2.1 ASTM Standards:
S1.14 Product Marking D 542 Test Methods for Index of Refraction of Transparent
Organic Plastics
TABLE S1.5 Conformance Tests D 570 Test Method for Water Absorption of Plasfics

S2.2.2 EIA Standard:

Test Test Method Requirement . Lo
— TIA-422 Electrical Characteristics of Balanced \Voltage

General examination S1.12.5 S1.6 and S1.7 - . . %
Output S11122  S1842 Digital Interface Circuit
Static error band and repeatability S1.11.25 S1.8.4.1 and S1.8.4.5
Sensitivity factor S1.11.2.6 S1.8.4.6
Overpressure S1.11.2.13 S1.8.4.13 -
Line pressure (transducer Type D only) ~ S1.11.2.14 S1.8.4.14 “ Annual Book of ASTM Standardgol 08.01.
Insulation resistance S1.11.2.16 S1.8.4.16 8 Available from Electronic Industries Association, 2500 Wilson Blvd., Arling-

ton, VA 22201.
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S2.2.31S0O Standard: 3 2000 300
6149-1 Connections for Fluid Power and General Use— 4 4000 600
Ports and Stud Ends with ISO 261 Threads and O-Ring 2 ;g 888 éggg
Sealing—Part 1: Port with O-Ring Seal in Truncated Housing 7 40 000 6000

S2.2.4NEMA Standard:

250 Enclosures for Electrical Equipment (1000 Volts Maxi-
mumy

S2.2.5 Military Standards:

MIL-PRF-49291 Fiber, Optical (Metric), General Specifica-
tion for®

MIL-S-901 Shock Tests, H.l. (High-Impact); Shipboard

S2.4.5 Power SupplTransducers shall operate with either
ac or dc input power, but not both. Designators shall be as
follows:

S2.4.5.1 dc—Direct current supply.

S2.4.5.2 ac—Alternating current supply.

S2.4.6 Output—The prime output shall be an electrical dc
signal. A supplemental output shall also be provided when

Machinery, Equipment and S_ystem_s, R(_equirement%_for specified. The signal output of the transducer shall be desig-
MIL-STD-167-1 Mechanical Vibrations of Shipboard oiaq by the following designators:

Equipment (Type |—Environmental and Type II—Internally o415 20 mA

Excitedf V0105 V
MIL-STD-461 Electromagnetic Interference Characteristics O—Optical (and current)

of Subsystems and Equipment, Requirements for the Control D—Digital (and current)

6
of . ) S2.4.7 Pressure ConnectierTransducer pressure sensing
MIL-STD-1399, Section 300 Interface Standard for Ship-.,nnection shall be as follows:

board Systems, Electric Power, Alternating Curfent N—M12 X 1.5 (%2620 UNF-2B) (see S7.5)
MS3452 Connector, Receptacle, Electric, Box Mounting, X—¥4 nps, 155-mm (6-in.) long pipe nipple (see S7.5)
Rear Release, Crimp Contact, AN T{pe Z—Other ’
MS3456 Connector, Plug, Electrical, Rear Release, Crimp g5 4 g Optoelectronics Module-The optoelectronics mod-
Contact, AN Typé ule shall be designated as follows:
S2.3 Terminology _ . _ 1—Bulkhead mounted
S2.3.1 Terminology is consistent with that of Section 3 and >__console mounted
the referenced documents. S2.4.9 Transducer Mounting-The transducer mounting
S2.4 Classification method shall be designated as follows:

S2.4.1 Designatior—For this specification, fiber-optic pres-  p__pressure port connection
sure transducer designations shall be assigned in accordanceM_Mountmg plate

with S2.5.1 and listed in the following format: S2.4.10Range—The pressure range of the transducer shall
Example: F25FXMS2-P-F-X-AC-A-N-1-P-100A be designated by two parts. The first part shall be the designator

F25FXMS2 P F X AC A N 1 P 100A f th | Th d t shall b th
Specifica- Type Applica- Press Power Output Press Opto- Mount- Range or . € upper range value. e_ second part sha € e
tion tion Rating, Supply Conn Elec- ing designator for the upper range unit of measure (see S2.4.8.1).
9 tronics The transducer pressure ranges shall be in accordance with

Module
S2.42 S2.43 S2.44 S245 S2.46 S2.4.7 S2.4.8 S2.4.9 S2.4.10 Table S2.1. . . .
S2.4.10.1Units—The units shall be designated by the

S2.4.2 Type—The following designators have been estap-corresponding letter designator and are limited to the follow-

lished for the various types of fiber-optic transducers: ing
D—Pressure., differential Letter Sl Units Inch-Pound Units
P—Pressure (gage, sealed, abSO|Ute) V  kPaV—kiloPascals, vacuum Hg—inches of mercury vacuum
V—Pressure, vacuum A kPaA—kiloPascals, absolute psia—pounds per square inch,

absolute

C—Pressurg, qompound ) . ) ) D  kPaD—xkiloPascals, differential psid—pounds per square inch,
S2.4.3 Application—The following application designa- differential

tions have been established for the media to be measured: G  kPaG—kiloPascals, gage psig—pounds per square inch,

; ; gage

_ F—Freshwater, oil, condensate, steam, nitrogen, and other ¢ kPas—kiloPascals, sealed at psis—pounds per square inch,

Inert gases 101.4 kPaA sealed at 14.7 psia
S—Seawater W  kPaW—kiloPascals, water column WC—inches of water column

| d . N  KpawD—kiloPascals, water col- ~WCD—inches of water column, dif-

G—Flue gas and ammonia umn, differential ferential

X—Oxygen

S2.4.4 Pressure Rating-The pressure rating shall be indi-
cated by the designator for its numerical value for Type D
transducers (“X” for Type P, V, and C transducers) and shall b
limited to the following:

S2.5 Ordering Information

S2.5.1 The purchaser shall provide the manufacturer with

Il of the pertinent application data in accordance with S2.5.2.
f special application operating conditions exist that are not in
the acquisition requirements, they shall also be described.

Designator Rating, kPaG Inch-Pound Units, psig S2.5.2 Acquisition RequirementsAcquisition documents
1 100 15 shall specify the following:
2 1000 150 S$2.5.2.1 Title, number, and date of this specification.
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TABLE S2.1 Range

Type D Type P Type C Type V
S| Units
Differential Pressure Differential Pressure Water Pressure Ranges, kPaG,  Water Column Ranges, Compound Ranges, Vacuum Range,
Ranges, kPaD Column Ranges, kPawD kPaA, or kPasS” kPaw kPaV/kPaG kPaV
Range Designator Range Designator Range Designator Range Designator Range Designator Range Designator
0-100 100 0-2.5 2 0-100 100 0-2.5 2 100/150 150 0-100 100
0-200 200 0-15 15 0-200 200 0-15 15 100/300 300
0-400 400 0-40 40 0-350 350 0-40 40 100/900 900
0-700 700 0-75 75 0-400 400 0-75 75 100/1500 1500
0-1400 1400 0-700 700 100/2400 2400
0-2800 2800 0-850 850 100/4000 4000
0-4000 4K 0-1 400 1400
0-2 000 2K
0-4 000 4K
0-6 000 6K
0-7 000 7K
0-10 000 10K
0-20 000 20K
0-40 000 40K
0-70 000 70K
Inch-Pound Units
Differential Pressure Differential Pressure Water Pressure Ranges, psig, Water Column Ranges, Compound Ranges, Vacuum Range,
Ranges, psid Column Ranges, WCD psia, or psis® wcC Hg-0-psig Hg
Range Designator Range Designator Range Designator Range Designator Range Designator Range Designator
0-15 100 0-10 2 0-15 100 0-10 2 30-0-15 150 0-30 100
0-30 200 0-60 15 0-30 200 0-60 15 30-0-30 300
0-60 400 0-150 40 0-50 350 0-150 40 30-0-100 900
0-100 700 0-300 75 0-60 400 0-300 75 30-0-150 1500
0-200 1400 0-100 700 30-0-300 2400
0-400 2800 0-125 850 30-0-600 4000
0-600 4K 0-200 1400
0-300 2K
0-600 4K
0-900 6K
0-1 000 7K
0-1 500 10K
0-3 000 20K
0-6 000 40K
0-10 000 70K

AFor upper range values of 7000 kPa (1000 Ib/in.2) and above.

S2.5.2.2 Part designation required (see S2.4.1). S2.5.2.15 When first-article tests are required (see S2.12.3).

S2.5.2.3 National Stock Number (NSN), if available. S2.5.2.16 Group B inspection sample size (see S2.12.3.2).

S2.5.2.4 Transducer mounting method, if other than speci- S2.5.2.17 Special product marking requirements (see
fied herein (see S2.7.2). S2.14).

S2.5.2.5 Optoelectronics module mounting method, if other S2.5.2.18 Special packaging or package marking require-
than specified herein (see S2.7.2). ments (see S2.15).

S2.5.2.6 Type of pressure connection, if other than specified S2.5.2.19 When ISO 9001 quality assurance system is not
herein (see S2.7.7). required (see S2.16.1).

S2.5.2.7 Type of electrical connection, if other than speci- S2.5.2.20 Special warranty requirements (see S2.16.2).
fied herein (see S2.7.6). S2.5.3 First-Article Tests—When first-article tests are re-

S2.5.2.8 When the electrical connection mating plug is notjuired, the purchaser should provide specific guidance to
to be provided (see S2.7.6). offerors whether the item(s) should be a preproduction sample,

S2.5.2.9 Requirements when Type 2 optoelectronics modula first-article sample, a first production item, a sample selected
is specified (see S2.7.2.2). from the first production items, or a standard production item

S2.5.2.10 Fiber-optic cable length required (see S2.7.3). from the manufacturer’'s current inventory. The number of
S2.5.2.11 Output requirements when Type O output istems to be tested in accordance with S2.12.4 should be
specified (see S2.8.3.3) or output requirements and data formspecified. The purchaser should also include specific instruc-

when Type D output is specified (see S2.8.3.4). tions in acquisition documents regarding arrangements for
S2.5.2.12 Electrical connectors when Type D output istests, approval of first-article test results and time period for

specified (see S2.7.6). approval, and disposition of first articles. Invitations for bids
S2.5.2.13 When overload protection is required for theshould provide that the purchaser reserves the right to waive

optoelectronics module (see S2.7.9). the requirement for samples for first-article testing to those
S2.5.2.14 Quantity of transducers required. manufacturers offering a product that has been previously
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acquired or tested by the purchaser, and that manufactureppunds shall not produce toxic, corrosive, or explosive by-
offering such products, who wish to rely on such production omproducts. The material is subject to a toxicological data and
test, must furnish evidence with the bid that prior purchaseformulations review and inspection, for safety of material, by
approval is presently appropriate for the pending contract. Théhe purchaser. The index matching material shall be either
manufacture of items before purchaser approval should bsilicone or aliphatic hydrocarbon material and shall be clear
specified as the responsibility of the manufacturer. and transparent. The index matching material shall have an

S2.6 Materials index of refraction of 1.46- 0.01 as tested in accordance with

S2.6.1 Metals—Unless otherwise specified herein, all met- Test Methods D 542, when exposed to operating temperature
als used in the construction of the transducer shall be corrosicextremes between —28 and +85°C. The index matching mate-
resistant. Dissimilar metals shall not be used in contact withrial shall not flow at elevated temperatures. The index match-
each other unless suitably finished to prevent electrolytiéng material shall remain clear and transparent when tested for
corrosion. The materials for the wetted parts shall be selectedater absorption in accordance with Test Method D 570. The
for long-term compatibility with the process medium. index matching material shall have a shelf life not less than 36

S2.6.2 Flammable Materials-Materials used in the con- months at 25+ 5°C. The 36-month period commences on the
struction of the transducer shall in the end configuration belate of adhesive manufacture.
noncombustible or fire retardant in the most hazardous condi- S2.7 Physical Properties
tions of atmosphere, pressure, and temperature to be expecteds2.7.1 Sensor Head ConfiguratieaThe sensor head shall
in the application. Fire retardance shall not be achieved by udge constructed in accordance with configuration limits in Fig.
of nonpermanent additives to the basic material. S2.1. When required for repair or maintenance, replacement of

S2.6.3 Fungus-Resistant MaterialsMaterials used in the sensor head components shall be accomplished with the sensor
construction of the transducer shall not support the growth ohead body remaining fixed in place at mounting plate and
fungus. pressure connection points.

S2.6.4 Solvents, Adhesives, and Cleaning Agefféhen S2.7.1.1Sensor Head Mountirg The sensor head shall be
chemicals or cements are used in bonding of internal trangnounted using mounting holes in locations shown in Fig. S2.1.
ducer components, no degradation shall result during inH required in a specific application and with prior approval of
service use. the purchaser, the sensor head may be mounted by its pressure

S2.6.5 Refractive Index Matching Gels, Fluids, or piping connection (see S2.5.2). For Type D transducers, the
Compounds-Refractive index matching gels, fluids, or com- high-pressure port shall be used. If the sensor head is mounted

THRU HOLE FOR
BOLT (H DIA - 2 PLACES)

HOUSING [ = LowrRessure
CONNECTION

; - (TYPEDONLY)
FIBER

A B oPTIC
CABLE __\
‘ STUFFING PRESSURE
TUBE ! CONNECTION
-®- (HIGH PRESSURE
CONNECTOR/ ) FOR TYPE D)
RECEPTACLE
E ——
el D -
Dimension mm in.
A 90.0 max 3.5 max
B 50.0 max 2.0 max
C 6.5 max 0.25 max
D 76.0 = F =101.0 30=F=40
E 63.5 25
F 19.0=F =250 0.75=F=10
G 72 2.83
H 7.2+ 0.15 0.281 * 0.005

Note 1—Sensor head housing (body) cross section is shown as circular. Any alternate cross section not exceeding 50 mm (2 in.) in width and 50 mm
(2 in.) in height is acceptable.

Note 2—Dimension tolerance is plus or minus 1.25 mm (0.05 in.), unless otherwise specified.
Note 3—The pressure connection(s) shall be generally located as shown.
FIG. S2.1 Sensor Head External Configuration
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by its pressure connection, mounting holes shall not be-28-Vdc power input, Pin C shall be case ground, Pin D shall
required. It is recommended that the sensor head be installdge +0-5-Vdc signal output, and Pin E shall be —0-5-Vdc signal
such that sufficient clearance is provided for repair andoutput.

maintenance of the unit. S2.7.6.3ac-Power Input—Current OutputThe receptacle

S2.7.2 Optoelectronics Modute-The optoelectronics mod- shall be wired to provide the performance described herein.
ule shall contain the optical and signal conditioner devicedi€ceptacle Pins A and B shall be 115-Vac power input, Pin C
necessary to convert the sensor head output to the specifiéfall be case ground, Pin D shall be +4-20-mA dc signal
transducer output signal. Access to the interior of the optoelec@UtPut, and Pin E shall be —4-20-mA dc signal output.
tronics module shall be possible to replace the connectorized S2.7-6.4ac-Power Input—Voltage OutpeThe receptacle
cable. The module shall be bulkhead mounted or consoléhall be wired to provide the performance described herein.
mounted as specified in acquisition requirements (see S2.5.7feceptacle Pins A and B shall be 115-Vac power input, Pin C

S2.7.2.1Bulkhead Mounted (Type -H)The optoelectronics shall be case ground, Pin D shall be +0-5-Vdc signal output,

. nd Pin E shall be —0-5-Vdc signal output.
;nnoc?g;irzha” be housed in a NEMA Standard 250 Type S2.7.7 Pressure ConnectiorsUnless otherwise specified,

) transducer pressure-sensing connections for all services shall
S2.7.2.2Console Mounted (Type -2)The optoelectronics pe \M12x 1.5 (%1620 UNF-2B) tube connection in accordance
module shall be packaged in a console-mounted circuit card &gith 1SO 6149-1. When pressure connection Type X is
specified in acquisition requirements (see S2.5.2). specified, as commonly used on submarine oxygen replenish-
S2.7.2.3Fiber-Optic Cable—A fiber-optic cable shall be ment systems, the transducer sensing connections shall be a
used to connect the sensor head to the optoelectronics modutéckel-copper pipe nipple/s nominal pipe size (nps) with
There shall be no less than two times the number of fiber8.1-mm (0.12-in.) minimum wall thickness, 155 mm (6 in.)
needed for operation of the transducer in the cable. Penetratidong, welded to the socket (see S2.5.2). For Type D transduc-
of the fiber-optic cable into both the sensor head and thers, the high-pressure connection shall be on the end and the
optoelectronics module shall be watertight. The required lengtlow-pressure connection shall be on the side (see Fig. S2.1).
of cable shall be as specified in acquisition requirements (see S2.7.8 Adjustments-Tamper-proof adjustments for zero
S2.5.2). and span may be provided on the optoelectronics module for
S2.7.4 Optical Fiber—All optical fiber used in the construc- Calibration purposes. The number of adjustments shall be kept

tion of the transducer shall be in accordance with MIL-PRF-t0 @ minimum consistent with the operation and maintenance
49291. requirements. Electrical disconnection shall not be required to

aaccomplish these adjustments.
S2.7.9 Electrical Overload Protection and IsolatierThe
ptoelectronics module shall be provided with overload pro-

S2.7.5 Fiber-Optic Connectors, Receptacles, and Bulkhea
Adapters—All fiber-optic connectors, receptacles, and bulk-

head adapters shall be in accordance with MIL-C-83522 an Letion when not adequately protected by the ship's power

MIL-C-83522/16, 17, and 18, respectively, or equivalent. .~ . : : .
Connectors shall be assembled at both ends of the fiber-opt%rc(;éjl:tlse (ffgr?w zﬁiglgz))c;vée?]:r?;llst?; Ip?roc:\?i?jg% tgﬁ tcr)][()etcl)ﬁ]lﬁctromcs

cable between the sensor head and the optoelectronics module82 7 10 Calibration Media—Ooil shall not be used as the
The connectors and receptacles shall be mounted inside tlaeollibr.at.ion media

sensor head apd optoelectronics modulg. ) S2.7.11Welding—For Application X, all pressure boundary
S2.7.6 Electrical Connector-An electrical interface con- igints shall be welded.

nector receptacle and mating plug shall be provided with each g5 7 12| yprication—The transducer shall not require lu-
optoelectronics module of the transducer unless otherwisgyication.

specified. The electrical connector shall be a standard threaded82.7.13Damping—The use of oil for damping is prohib-

coupling receptacle, AN type, MS3452W/14S-5P, or equivajieq.

lent, for dc-power input, or AN type, MS3452W/14S-5PX, or S2.7.14Weight—The weight of the sensor head shall not

equivalent, for ac-power input. The mating plug shall be agyceed 510 g (18 0z). The weight of the optoelectronics
MS3456W/14S-5S, or equivalent, for dc-power input, orm,oqule shall not exceed 4.5 kg (10 Ib).

MS3456W/14S-5SX, or equivalent, for ac-power input. Elec- g5 g performance Requirements

trical connectors for digital output shall be as specified (see g g 1 geryice Life~The transducer shall be constructed for
S2.5.2). a service life of no less than 40 000 h and shall meet the
S2.7.6.1dc-Power Input—Current OutputThe receptacle requirements specified herein when operated in the naval
shall be wired to provide the performance described hereirshipboard environment.
Receptacle Pin A shall be +28-Vdc power input, Pin B shallbe 52 8.2 Input Power—The transducer shall be designed to
—28-Vdc power input, and Pin C shall be case groundgperate using 115-V, 60-Hz, single-phase, ungrounded, ac
Receptacle Pins A and B shall also serve as the 4-20-mA dgower as defined in MIL-STD-1399, Section 300 or 28
signal output. 4.5-V dc power. The transducer shall operate with power
S2.7.6.2dc-Power Input—\Voltage OutpuiThe receptacle supply variations as specified in $2.11.2.7 and S2.11.2.8.
shall be wired to provide the performance described herein. S2.8.3 Output—The prime transducer output shall be an
Receptacle Pin A shall be +28-Vdc power input, Pin B shall beslectrical dc signal that is directly proportional to the input
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pressure and shall be a true current or voltage source. If gouts at any voltage and frequency or voltage (for dc) condition

optical or digital output is required, it shall be a supplementaland the normal (115-V, 60-Hz, or 28-V dc) at the same input

output. and test temperature (differential shall be included for Type D)
S$2.8.3.1Current Output—When a 4- to 20-mA current shall not exceed 1 %.

output is specified (see S2.5.2), the requirements specified S2.8.4.8 Transient Supply Voltage and Frequency (ac) or

herein shall be met regardless of external load resistancgupply Voltage (dc):

variations over a range from 0 to 2%D The output shall be S2.8.4.8.1Voltage—During the voltage transient test, the

directly proportional to the input pressure. The 4-mA outputtransducer output shall remain withitt0.5 % of the pre-

shall correspond to the lower pressure range value and theansient output.

20-mA output shall correspond to the upper pressure range S2.8.4.8.2Frequency—During the frequency transient test,

value for the ranges specified in Table S2.1. the transducer output shall remain within0.5 % of the
S2.8.3.2\Voltage Output-When a 0- to 5-V output is pre-transient output.

specified (see S2.5.2), the requirements specified herein shallS2.8.4.9Power interruptior—During the power interrup-

be met for external load resistance exceeding 100(@0The tion test, the transducer performance shall conform to S2.8.4.1.

output shall be directly proportional to the input pressure. The S2.8.4.10Common Mode Pressure (Type D Orbfpuring

0-V output shall correspond to the lower pressure range valughe common mode pressure test, transducer performance shall

and the 5-V output shall correspond to the upper pressure randpe within the range formed by extending the upper and lower

value for the ranges specified in Table S2.1. static error band limits specified in S2.8.4.1 by a percentage
S2.8.3.30ptical Output—When an optical output is speci- equal to:

fied (see S2.5.2), the optical output requirements shall be as (system pressure rating,,

SDECiﬁEd in the Ordering data (See 8252) (1/10 differential pressure range

S2.8.3.4Digital Output—When an electrical digital output S2.8.4.11Temperature-During the temperature test, the

is specified (see S2.5.2), the digital output requirements sh } £ hall ithin th ;
be as specified in the ordering data (see S2.5.2). The eIectri(;fgg(fi(fjiLégeirn psezr.g.rmail.nce shall be within the static error band

characteristics shall be in accordance with EIA Standar S2.8.4.12Enclosure—The sensor head and optoelectronics
TIA".QZ for balanced voltage digital interface circuitry, or as module shall meet all test criteria in NEMA Standard 250 for
specified (see S2.5.2). The data format shall be as specified (S?)‘?pe 4X enclosures

328.52?3).4T q Perf unl herwi ) S2.8.4.130verpressure-Calibration conducted after over-
-8.4 Transducer PerformaneeUnless otherwise Specl- eqqre test shall have no values in excess of 1 % deviation

fied, performance tolerances are specified in percent of tran ‘om the pre-overpressure test reference measurement.

ducer output span. S2.8.4.14Lin ;
" ) .8.4. e Pressure (Type D OnkpAfter the line
S2.8.4.1Static Error Eand—The transducer static ermor ,-eqqure test, transducer performance shall be within the static
band shall not exceed 1 %. 3 error band specified in S$2.8.4.1.
S2.8.4.2Repeatability-Repeatability of the transducer out-  g» g 4 15Pressure Cycling-Calibration conducted after

put shall be within 0.5 %. o completion of pressure cycling test shall have no values in
S2.8.4.3Sensitivity Factor—The sensitivity factor shall not  excess of 1 % deviation form pretest reference measurement.
be less than 0.75 nor more than 1.25. S2.8.4.16Vibration—Monitored transducer output during

S2.8.4.4Response-The transducer output shall conform to gl phases of the vibration test shall show no variation from
the following criteria, where all percentages are of transducegteady-state output in excess of 2 %. There shall be no visible
span: o evidence of damage to the transducer as a result of the

(1) The transducer output shall be within2 % of the vibration test.

maximum ramp pressure within 0.01 s of the time that pressure 52 .8.4.17Shock—The transducer shall operate during and

is attained. - after the shock test. After the shock test, the transducer output
(2) The transducer output shall exhibit no overshoot ofshall have no value in excess of 1% deviation from the
maximum ramp pressure in excess of 2 %. pre-shock test reference measurement. There shall be no visual

(3) The transducer output shall indicate the actual pressure tevidence of damage to the transducer as a result of the shock
within =1 % in 0.2 s or less after attainment of maximum ramptest.
pressure, and shall remain within this error band for the S2.8.4.18Burst Pressure-The transducer shall withstand
duration of applied steady-state pressure. the burst pressure specified in S2.11.2.19 without showing any
S2.8.4.5Warm-Up Time-The transducer output shall attain evidence of leakage.
a value within +1 % of the steady-state output with no  S2.8.4.19Short-Circuit (Output Type A OnbaAfter the
overshoot in excess of 1 %. Output shall reach this band withishort-circuit test, the transducer shall exhibit no damage and
1 min after the transducer is energized and shall remain in thishall conform to S2.8.4.1.

band. S2.8.4.20Line Voltage Reversal (dc Power Supply Orly)
S2.8.4.6Ripple—The transducer rms output ripple shall not The transducer shall conform to S2.8.4.1 after the line voltage
be greater than 0.5 %. reversal test.

S2.8.4.7 Steady-State Supply Voltage and Frequency (ac) or S2.8.4.21Insulation ResistaneeThe insulation resistance
Supply Voltage (de}-The maximum difference between out- of the transducer shall be not less than 10M
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S2.8.4.22Electromagnetic Interference (EMI) Emission and avoid overshoot. This calibration procedure shall be applied
Susceptibility—The transducers shall meet the requirements othree successive times to determine repeatability. Static error

Table Il of MIL-STD-461, except as modified as follows: band of all calibration shall meet the requirements of S2.8.4.1.
(1) CE101—The test signal shall be applied only to theRepeatability shall meet the requirements of S2.8.4.2.
ac-power leads of the test sample. S2.11.2.3Sensitivity Facto—The sensitivity factor shall be
(2) CE102—The test signal shall be applied only to thedetermined as follows: Provide an input pressure (differential
ac-power leads of the test sample. pressure for Type D) to the transducer of 805 % of span.
(3) CS114—Only Limit Curve #2 shall apply with the Record the input pressure (differential pressure) and corre-
frequency range limited from 10 kHz to 30 MHz. sponding electrical output. Increase the pressure (differential

(4) RE101—Only the limit curve for 50 cm shall apply.  pressure) by an amount not exceeding 1 % of span. Record
(5) RS103—The frequency range shall be limited from 10both the new pressure (differential pressure) and corresponding

kHz to 18 GHz with an electric field strength test level of 10 new electrical output. Calculate the change in both applied
Vim. pressure (differential pressure) and electrical output as a

S2.9 Workmanship, Finish, and Appearance percentage of transducer span. Determine the ratio of electrical

S2.9.1 Transducer Cleaning-The manufacturer shall en- output percentage change to applied pressure (differential
sure that pressure transducers shall be free of all loose scaRfessure) percentage change. Repeat this procedure for a
rust, grit, filings, and other foreign substances and free opressure (differential pressure) decrease not exceeding 1 % of
mercury, oil, grease, or other organic materials. In addition, th&épan. Performance shall conform to the requirements of
following shall apply: S2.8.4.3.

S2.9.1.1 Transducers for oxygen service, Application X (see S2.11.2.4Response-A pressure (differential pressure for
S2.4.3), shall be clean gas calibrated, cleaned, and pressufgpe D) ramp consisting of a pressure (differential pressure for
connections capped. Type D) rise of at least 40 % of span occurring in not greater

S2.9.1.2 Transducers for all other applications shall béhan 0.1 s shall be applied to the transducer. The maximum
freshwater or clean gas calibrated, cleaned, and pressuf@mp pressure shall be maintained for at least 0.5 s and shall
connections capped. not vary by more than-2 % of the transducer span. Perfor-

S2.9.2 Surface Finish-Surfaces of castings, forgings, mance shall conform to the requirements of S2.8.4.4.
molded parts, stampings, and machined and welded parts shallS2.11.2.5Warm-Up Time-The test shall be conducted to
be free of defects such as cracks, pores, undercuts, voids, addtermine the elapsed time between the application of the line
gaps. External surfaces shall be smooth and edges shall pewer to the transducer and the point at which the transducer
either rounded or beveled. There shall be no burn throughutput reaches the conditions specified in S2.8.4.5.
warpage, or dimensional change as a result of heat from (1) Test Conditions-The transducer shall be subjected to the
welding. There shall be no damage to adjacent parts resultingmbient temperature of the testing location, while de-

from welding. energized, for not less than 2 h. Recording equipment and other
S2.10 Number of Tests and Retests auxiliary equipment shall be energized to ensure complete
S2.10.1Test Specimensee 10.1. warm-up. An input pressure of 8& 5% of span shall be
S2.11 Test Methods applied to the transducer and maintained constant during this

S2.11.1Test Conditions-Except where the following fac- test. Performance shall conform to the requirements of S2.8.4.
tors are the variables, the tests specified in S2.11.2 shall be S2.11.2.6Ripple—Transducer output rms ripple shall be
conducted with the equipment under the following operatingdetermined at an output pressure (differential pressure for Type

environmental conditions: D) of 80 = 5 % of transducer span. Performance shall conform
S2.11.1.1 Ambient temperature shall be 232°C. to the requirements of S2.8.4.6.
S2.11.1.2 Relative humidity shall be ambient. S2.11.2.7Steady-State Supply Voltage and Frequency (ac)

S2.11.2 Tests—Except for the warm-up time test (see or Supply Voltage (de}The transducer shall be operated at
S2.11.2.5), the transducer and all associated test equipmembrmal, maximum, and minimum steady-state voltages (dc)
shall be energized for a period of time sufficient to ensureand at all possible combinations of normal, maximum, and
complete warm-up. minimum voltages and frequencies (ac). The ambient tempera-

S2.11.2.1Reference Measuremenf reference measure- ture shall also vary, with the transducer operated for at least 1
ment consisting of a one-trial calibration with at least fiveh at each test temperature before the first reference measure-
equally spaced intervals over the entire transducer range bothent (see S2.11.2.1). Reference measurements shall be per-
upscale and downscale shall be conducted when specified farmed at ambient temperatures of<02°C, 25+ 2°C, and 65
the individual test. No adjustments to the transducer are- 2°C. Test temperatures shall be accomplished by varying
permitted during the reference measurement. temperature in steps of 10°C each (30 min for each step) until

S2.11.2.2Static Error Band and RepeatabilityThe trans-  the desired ambient temperature is reached. Performance shall
ducer shall first be flexed over its full-pressure range by slowlyconform to the requirements of S2.8.4.7.
increasing and decreasing the applied pressure for six continu- S2.11.2.8Transient Supply Voltage and Frequency (ac) or
ous cycles. The calibration measurement shall be made at@upply Voltage (de}-Tests shall be conducted with a pressure
minimum of five equally spaced intervals over the entire rangddifferential pressure for Type D) input signal equal to 80
(both upscale and downscale). Precaution shall be taken ®% of the transducer span. The transducer output shall be

19



A8y 2070 — 00
“afl

monitored throughout the test. Performance shall conform téemperature for at least 24 h. During the last hour of operation,
the requirements of S2.8.4.8. a reference measurement shall be made (see S2.11.2.1).
S2.11.2.8.1Transient Voltage: S2.11.2.12Enclosure—The sensor head and optoelectronics
(1) Upper and Lower Limits of Steady-State Voltaghfith module (Type 1 only) shall be subjected to the tests in NEMA
the transducer operating at the upper and lower limits ofStandard 250 for Type 4X enclosures. Performance shall
steady-state ac voltage, the ac-powered transducer shall havéenform to the requirements of S2.8.4.12.
transient voltage of- 16 %, recovering to the steady-state band S2.11.2.130verpressure-Before the overpressure test, a
in 2 s, superimposed. With the transducer operating at theeference measurement in accordance with S2.11.2.1 shall be
upper and lower limits of steady-state dc voltage, the dcmade. The transducer shall be subjected to a pressure equal to
powered transducer shall have a transient voltage-®fVv, 200 % of the upper limit of its range for a period of 30 min.
respectively, recovering to the steady-state band in 2 s, supeithin 10 min after release of this pressure, a reference
imposed. Performance shall conform to the requirements oneasurement (see S2.11.2.1) shall be made for comparison.

S2.8.4.8. Performance shall conform to the requirements of S2.8.4.13.
S2.11.2.8.2Transient Frequency (for ac-Powered Trans- S2.11.2.14Line Pressure (for Type D Onky)The trans-
ducers): ducer shall successfully withstand the pressure rating, when

(1) Upper Limit of Steady-State FrequereWith the trans- applied to the high-pressure port with the I.ow—pressure pprt
ducer operating at the upper limit of steady-state frequency, ¥ented to atmosphere, for a period of 10 min. The preceding
transient frequency of +1.5 Hz recovering to the steady-statgnall be repeated with the pressure applied to the low-pressure
band h 2 s shall be superimposed. Performance shall conforRO't of the transducer. After each test, a reference measurement
to the requirements of S2.8.4.8. in accordance with S2.11.2.1 shall be made. Performance shall

(2) Lower Limit of Steady-State FrequereWith the trans- confarm to 52.8.4.14. i f forming th
ducer operating at the lower limit of steady-state frequency, a S2-11.2.15Pressure Cycling-Before performing the pres-

: ; ling test, a reference measurement shall be made (see
transient frequency of —1.5 Hz recovering to the steady-statg"'® ¢¥C ’ : > S
band h 2 s shall be superimposed. Performance shall conform?2-11-2.1). The test shall be conducted by applying a periodic
to the requirements of S2.8.4.8. pressure change of not more than 20 % of span to not less than

S2.11.2.9Power Interruptior—An input pressure (differen- 80 % of span for a total of 260 000 cycles. The rate of cycling

tial pressure for Type D) of 86 5 % of span shall be applied shall be within the range from 0.25 to 2 Hz. The transducer

to the transducer and maintained constant during the test. Wit%haII be energlzed throughout the test. After completion of the
fessure cycling test, a reference measurement shall be made

the transducer operating within the steady-state tolerances g d
or comparison (see S2.11.2.1). Performance shall conform to
voltage and frequency, the external power supply shall b e requirements of $2.8.4.15.

interrupted for an interval of 3 to 4 s. The power supply shall ) .
then be reestablished to within steady-state tolerances. T582.11.2.16V|brat|0n—A reference measurement (see

transducer shall be operated at steady-state power for 1 mi 2.11.2.1) shall be made before the vibration test. The trans-
The power supply shall then be interrupted for an interval of 3 ucer shall be tested in accordance with Type | (environmental)

. . ibration of MIL-STD-167-1 except that the upper frequency
ib:Pc:rsmqt/gl?hzhr?althtt;iereﬁz?\?stegftg;esejlrges' Performance Shés{'r']an be 175 Hz; the amplitude of vibration shall be in

$2.11.2.10Common Mode Pressure (Transducer Type Daccordance with Table S2.2; and for the variable frequency

Only)—The rated pressure of the transducer shall be applie ortion, the vibration level shall be maintained for two minutes

simultaneouslv to both bressure ports. The pressure at t t each integral value of frequency. If no resonances are
y P P ’ > P . hoe‘bserved, the 2-h endurance test shall be conducted at 175 Hz.
low-pressure port shall then be decreased in pressure incr

E)'uring the vibration test, a fluid pressure of 805 % of the

ments sp_ecmed in .82';1'.2'“0 the specified transducer rang& nsducer span shall be applied to the transducer. Transducer
and then increased in similar increments to the transducer—rat%?‘:li

: tput during the test shall be monitored. Performance shall

pressure. Performance shall conform to the requirements Uonform to the requirements of S2.8.4.16

S2.8.4.10. T
S2.11.2.11Temperature-The transducer shall operate nor-

mally (without alignment or adjustment) throughout the fol- TABLE S2.2 Amplitudes of Vibration

lowing temperature cycle. Tolerances in operating characteriaﬁrequency Range. Hz

tics shall be as specified herein. Performance shall conform te

Table Amplitude

the requirements of S2.8.4.11. Explorafory variable Frequency
(1) Hold the test temperature at® 2°C for at least 24 h. S! Unis, mm

During the last hour of operation, a reference measurement > ' 2% P PR o e

shall be made (see S2.11.2.1). 51 to 100 0.0380 + 0.0075 0.255 + 0.050
(2) Increase the test temperature in steps of 10° each, at 30 101 to 175 0.0130 + 0.0025 0.0380 * 0.0075

min for each step, until +65 2°C is reached and hold at that Inch-Pound Units, in.

temperature for at least 24 h. During the last hour of operation, 5 to 20 0.010 % 0.002 0.030 + 0.006

a reference measurement shall be made (see S2.11.2.1). 21 to 50 0.004 = 0.001 0.020 = 0.004
(3) Reduce the test temperature in steps of 10° each, at 30 15011?01107% 8:8832 i 8;888? 0_0(;812 i 8:88(2)3

min for each step, until +25: 2°C is reached and hold at that
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S2.11.2.17Shock—The shock tests shall be conducted in procedures normally used in production. First-article tests shall
accordance with Grade A, Class 1, Type C using bulkheadonsist of the examination and tests specified in Table S2.3.
mounting fixture 4-A of MIL-S-901. During the test, a fluid Failure of any pressure transducer to meet the requirements of
pressure of 8@ 5 % of the transducer span shall be applied tothis specification shall be cause for rejection.
the transducer. The transducer output during the test shall be S2.12.2.1First-Article Tests Sample SizeTwo transducers
monitored. Before and after the shock test, reference measuref each lot shall be subjected to first-article testing, Table S2.3.
ments shall be made for comparison. Performance shall co®ne sample shall be subjected to the tests of Group | and one
form to the requirements of S2.8.4.18. sample shall be subjected to the tests of Group Il of Table S2.3.

S2.11.2.18Burst Pressure-The transducer shall be sub- The fiber-optic connecting cable shall not be less than 100 ft.
jected to a liquid pressure equal to 300 % of the upper limit of S2.12.2.20rder of First-Article Tests-The sample trans-
its range applied to the transducer for a period of 10 min. Thelucers shall be subjected to the tests specified in Table S2.3 in
transducer shall conform to the requirements of S2.8.4.18. Nthe order listed except that the steady-state supply voltage and
performance test shall be required after the burst pressure te$tequency inspection may be performed concurrently with the
A reference measurement (see S2.11.2.1) shall be recorded f@mperature inspection. Any deviation in the test order shall
information purposes. first be approved by the purchaser.

S2.11.2.19Short-Circuit (Output Type A Onk3An input S2.12.3Conformance TestsEach lot of transducers of-
pressure (differential pressure for Type D) of 8% % of span fered for delivery shall be subjected to the tests of Table S2.4.
shall be applied to the transducer and maintained constant S2.12.3.1Group A Tests-All transducers offered for deliv-
during the test. The transducer shall be de-energized. THery shall be subjected to Group A tests as listed in Table S2.4.
electrical output pins of the optoelectronics module shall bd-ailure of any transducer to meet the requirements of this
connected together with no load resistance. The transducépecification shall be cause for rejection.
shall be energized for 5 min. Inmediately following the 5-min _ S2.12.3.2Group B Tests-Group B tests shall be as listed in
period, the output pins shall be unshorted. The transducer shdlpble S2.4. The number of samples subjected to Group B tests
conform to the requirements of S2.8.4.19. shall be in accordance with Table S2.5. Failure of any

S2.11.2.20Line Voltage Reversal (dc Power Supply transducer to meet the requirements of this specification shall
Only)—An input pressure (differential pressure for Type D) of P& cause for rejection.
maintained constant during the test. The positive 28-Vdc signdliven a thorough examination to determine conformance to the
shall be applied to Connector Pin B. The dc reference signdfduirements of this specification with respect to material,
shall be applied to Connector Pin A. The transducer shall bénish, workmanship, construction, assembly, dimensions,
energized for a period of 10 min and then disconnected. Th&eight, and marking of identification. Examination shall be
power shall then be correctly applied (Pin A positive, Pin Blimited to the examinations that may be performed without
negative). A reference measurement shall be made (séisassembling the units. Examination shall include a check of
S2.11.2.1). The transducer shall conform to the requirements of

S2.8.4.20.
S2.11.2.21Insulation Resistanee The insulation resistance TABLE S2.3 First-Article Tests
of the transduper .shaII be determined .by applying 50 Vdc Test MZ???;d Requirement
between electrical input and output circuits and between these
circuits and ground. The relative humidity shall be 5A.0 %. Group |
The insulation resistance measurement shall be made immetgtatiC_ _er_rorfband and repeatability ggﬂgg 2;22; and $2.8.4.2
: . : - Sensitivity factor A1.2. .8.4.
ate}y after a 2—m|n.perlod.of_um_nterrupt.ed test voltagg appll—Response 921104 92844
cation. However, if the indication of insulation resistancewarm-up time S2.11.25 S2.845
meets the specified limit (see S2.8.4.21) and is steady cﬁipp'le | y (stead ) iiﬁ;? 2522?
. . . upply voltage and frequency (steady-state 1.2, .8.4.
mcr_easmg’ the test may be terminated before the end of th%]pply voltage and frequency (transient) S2.11.2.8 S2.8.4.8
2-min period. Power interruption S2.11.2.9 S2.84.9
S2.11.2.22EMI Emission and SusceptibilityThe EMI Common mode pressure (transducer Type  S2.11.2.10 S2.8.4.10
K . . . Donl
tests shall be in ac_:cordance wnh_the_test methods speufu_ad hrgmpergure S211.211 S2.8.4.11
MIL-STD-461, with the modifications as specified in Enclosure S2.11.2.12 S2.8.4.12
H erpressure S2.11.2.13 S2.8.4.13
S2.8.4.22. Performance shall conform to the requirements dtv® P eaeure (ransducer Type D only) o s
S52.8.4.22. Pressure cycling S2.11.2.15 S2.8.4.15
S2.12 |nspecti0n Vibration S2.11.2.16 S2.8.4.16
o . . . . Shock S2.11.2.17 S2.8.4.17
S2.12.1Classification of InspectiorsThe inspection re- gy pressure 5211218 S2.8418
quirements specified herein are classified as follows: Group 1
S2.12.1.1 First-article tests (see $2.12.2). Static error band and repeatability S2.11.2.2 S2.8.4.1 and S2.8.4.2
S2.12.1.2 Conformance tests (see S2.12.3). Short-circuit (output Type A only) S2.11.2.19 S2.8.4.19
S2.12.2First-Article Tests—First-article tests shall be per- Line voltage reversal (dc power supply only) $2.11.2.20 $2.8.4.20
f d bef d . Fi icl hall b f Ipsulation resistance S2.11.2.21 S2.84.21
orme €rore pro uction. First-article tests shall be periorme MI emission and susceptibility S2.11.2.22 S2.8.4.22

on samples that have been produced with equipment ard
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TABLE S2.4 Conformance Tests (5) Electrical and optical (if any) output (see S2.8.3),
Test Test Method Requirement (6) National Stock Number (NSN), if available, and
Group A (7) Date of manufacture.
General examination 2125 S2.6and S2.7 S2.14.2 Labeling—Labels shall be permanently and promi-
Static error band and repeatability S2.11.2.2 S2.8.4.1 and S2.8.4.2 nently marked.
Sensitivity factor S21123  S2843 S2.14.2.1 The legend “USE NO OIL FOR CALIBRA-
Group B TION” shall be marked on the sensor head housing.
Insulation resistance S2.11.221  S2.84.21 S2.14.2.2 The legend “DO NOT LUBRICATE” shall be
Temperature S2.11.2.11 S2.8.4.11 ;
Enclosure S2.11.2.12 S2.8.4.12 marked on the sfe.nsor head hOU.SII’.lg. .
Line pressure (Type D only) S211.2.14 S2.8.4.14 S2.14.2.3 Avisible label, consisting of yellow lettering on a
Overpressure S2.11.2.13  S2.8.4.13 black background, shall be affixed to the outside of the
optoelectronics module cover and shall contain the following:
_ NOTICE
TABLE S25 Group B Tests Sample Size UNTERMINATED OPTICAL CONNECTIONS MAY
Lot or Batch Size Sample Size EMIT LASER RADIATION
2108 2 DO NOT VIEW BEAM WITH OPTICAL INSTRUMENTS
196?01255 g AND AVOID DIRECT EXPOSURE TO THE BEAM
26 10 50 8 S2.14.2.4 Avisible label, consisting of yellow lettering on a
51 to 90 13 black background, shall be affixed to the sensor head and the
i 20 inside of the optoelectronics module and shall contain the
0 280 32 ,
281 to 500 50 following:
501 to 1200 80 WARNING
1201 to 4200 125
4201 3 per 100 INVISIBLE LASER RADIATION

AVOID EXPOSURE TO THE BEAM
S2.15 Packaging and Package Marking

S2.15.1 Packaging and package marking shall be in accor-
all adjustments, if applicable. The manufacturer shall b ance with Sectiogn 195 P g g

responsible for ensuring that materials used are manufacture 'S2.16 Quality Assurance
examined, and tested in accordance with applicable approved 82.16 1Quality System-A quality assurance system in

industry standaras. accordance with 1SO 9001 shall be maintained to effectively

S2.13 Certification : : .
.control the quality of the product being supplied, unless
S2.13.1 The purchase order or contract sh.o'uld'spemf therwise specified in the acquisition requirements (see
whether the purchaser shall be furnished certification th 25.2)

samples representing each lot have been either tested OrSZ.lG.ZWarranty—Any special warranty requirements

inspected as directed In this specification and the requiremen.%a” be specified in the acquisition requirements (see S2.5.2).
have been met. The purchase order or contrfact should SPECY e following supplementary requirement, established for
when a report of the test results shall be furnished. Otherwise

. aval shipboard application, shall apply when specified in the
the p_urchas_e order or contract should specify tha’t al test datréj"ontract or purchase order. When there is conflict between this
remain on file for three years at the manufacturer’s facility for

, specification and this supplementary requirement, this supple-
review by the purchaser upon request. mentary requirement shall take precedence
S2.14 Product Marking yreq P '

82.14.1Labgl Plates—A label plate with engraved or 3. TRANSDUCERS, SMART PRESSURE AND
stamped markings shall be permanently affixed to the sens IFFERENTIAL PRESSURE (ELECTRICAL)
head and to the optoelectronics module.

S2.14.1.1Sensor Head-At a minimum, the following in- S3.1 Scope

formation shall be provided on the label plate: S3.1.1 This supplementary requirement covers the require-
(1) “SENSOR HEAD,” ments for smart pressure and differential pressure transducers
(2) Manufacturer’s name, designed to meet the requirements for use onboard naval ships.
(3) Manufacturer’s serial number, S3.1.2 The values stated in Sl units are to be regarded as the
(4) Manufacturer’s part number and drawing number, standard. Inch-pound units are provided for information only.
(5) Designation, Where information is to be specified, it shall be stated in SI
(6) National Stock Number (NSN), if available, and units.
(7) Date of manufacture. S3.2 Referenced Documents
S$2.14.1.20ptoelectronics Module-At a minimum, the fol- S$3.2.11S0O Standard:

lowing information shall be provided on the label plate: 6149-1 Connections for Fluid Power and General Use—
(1) OPTOELECTRONICS MODULE,” Ports and Stud Ends with 1ISO 261 Threads and O-Ring
(2) Manufacturer’s name, Sealing—Part 1: Ports with O-Ring Seal in Truncated Hous-
(3) Manufacturer’s serial number, ing*
(4) Manufacturer’s part number, S3.2.2NEMA Standard:
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250 Enclosures for Electrical Equipment (1000 Volts Maxi- for the upper range value. The second part shall be the

mumy designator for the upper range unit of measure (see S3.4.6.1).
S3.2.3 Military Standards: The transducer pressure ranges shall be in accordance with
MIL-S-901 Shock Tests, H.l. (High-Impact); Shipboard Table S3.1.
Machinery, Equipment and Systems, Requirement? for S3.4.6.1Units—The units shall be designated by the corre-
MIL-STD-167-1 Mechanical Vibrations of Shipboard sponding letter designator and are limited to the following:
Equipment (Type I—Environmental and Type ll—Internally Letter S Units Inch-Pound Units
Excitedf . .
MIL-STD-461 Electromagnetic Interference Characteristics ; P2y opascas. vacuum Hg—inches of mercury vacuum
X . —KkiloPascals, absolute psia—pounds per square inch,
of Subsystems and Equipment, Requirements for the Control absolute
0f6 D  KPaD—kiloPascals, differential psid—pounds per square inch,
: differential
S3.3 TermeIOgy i i . . G  kPaG—kiloPascals, gauge psig—pounds per square inch,
S3.3.1 Terminology is consistent with that of Section 3 and gage
the referenced documents. S  kPaS—kiloPascals, sealed at psis—pounds per square inch,
101.4 kPaA sealed at 14.7 psia

S3.4 Classf|f|cat.|on i . . W  kPaw—kiloPascals, water column WC—inches of water column
S3.4.1 Designation—For this specification, pressure trans- N  kPawD—kiloPascals, water col- ~ WCD—inches of water column,

ducer designations shall be assigned in accordance with S3.5.1 umn, differential Differential
and listed in the following format: S3.5 Ordering Information
Example: F25XMS3-D-F-DC-2-10KD S3.5.1 The purchaser shall provide the manufacturer with
F25XMS3 D F bC 2 10KD all of the pertinent application data in accordance with S3.5.2.

Specification ~ Type Application Power Supply ~ Output  Range X X . X . . A
S3.4.2 S3.4.3 S3.4.4 S3.45 S3.4.6 If special application operating conditions exist that are not in

the acquisition requirements, they shall also be described.
S3.5.2 Acquisition RequirementsAcquisition documents
shall specify the following:
S3.5.2.1 Title, number, and date of this specification.
S3.5.2.2 Part designation required (see S3.4.1).
C—Pressure, compound S3.5.2.3 National Stock Number (NSN), if available.

S3.4.3 Application—The following application designa- S$3.5.2.4 Mounting method, if other than specified herein

tions have been established for the corresponding proceé%ee S3.7.2). o -
S3.5.2.5 Type of pressure connection, if other than specified

S3.4.2 Types—The following designators have been estab-
lished for the various types of transducers:

D—Pressure, differential

P—Pressure (gage, absolute and sealed)

V—Pressure, vacuum

media:
F—Freshwater, oil, condensate, steam, nitrogen and otherein (see S3.7.5).
inert gases S3.5.2.6 Type of electrical connection, if other than speci-
S—Seawater fied herein (see S3.7.4).
G—Flue gas and ammonia S3.5.2.7 Quantity of transducers required.
S3.4.4 Power Supply-Transducers shall operate with dc  S3.5.2.8 Quantity of handheld communicators required (see
input power. The designator shall be as follows: S3.7.8).
DC—Direct current supply S$3.5.2.9 If deviation requests are not required when depart-

S3.4.5Output—The default dc electrical signal output of ing from material guidance (see S3.6).
the transducer shall be designated by the following designators: S3.5.2.10 When the first article inspection is required (see

2—4 to 20 mA S$3.12.3).
3—1to5V S3.5.2.11 Special product marking requirements (see
4—0.8t0 3.2V S3.13).

S3.4.6 Range—The pressure range of the transducer shall S3.5.2.12 Special packaging or package marking require-
be designated by two parts. The first part shall be the designatanents (see S3.14).

TABLE S3.1 Range

Type D Type P Type C Type V
Sl Units
Differential Pressure Differential Pressure Water Pressure Ranges, kPaG, = Water Column Ranges, Compound Ranges, Vacuum Range,
Ranges, kPaD Column Ranges, kPaWD kPaA, or kPasS” kPaw kPaV/kPaG kPaVv
Range Designator Range Designator Range Designator Range Designator Range Designator Range Designator
0-10 000 10K 0-7000 7K 0-10 000 10K 0-7000 7K 100/4000 4K 0-100 100
0-70 000 70K
Inch-Pound Units
Differential Pressure Differential Pressure Water Pressure Ranges, psig, Water Column Ranges, Compound Ranges, Vacuum Range,
Ranges, psid Column Ranges, WCD psia, or psis® WC Hg-0-psig Hg
Range Designator Range Designator Range Designator Range Designator Range Designator Range Designator
0-1 500 10K 0-1 000 7K 0-1 500 10K 0-1 000 7K 30-0-600 4K 0-30 100
0-10 000 70K

AFor upper range values of 7000 kPa (1000 Ib/in.?) and above.
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S3.5.2.13 When ISO 9001 quality assurance system is not S3.7.4 Electrical Connection-A terminal block shall be
required (see S3.16.1). provided in the transducer for connection of electrical conduc-
S3.5.2.14 Special warranty requirements (see S3.16.2). tors for power supply input, dc electrical signal output, and
S3.5.3 First-Article Tests—When first-article testing is re- transducer case ground.
quired, the purchaser should provide specific guidance to S3.7.5Pressure ConnectiorsThe pressure connections
offerors whether the item(s) should be a preproduction sampléhat interface with shipboard systems shall be M%21.5
a first-article sample, a first production item, a sample selectef16-20 UNF-2B) tube connection in accordance with 1SO
from the first production items, or a standard production item6149-1. The traditional flange (see Fig. S3.2) provides these
from the manufacturer's current inventory. The number ofconnections for differential pressure units and the flat adapter
items to be tested in accordance with S3.12.3 should bésee Fig. S3.3) provides these connections for pressure units.
specified. The purchaser should also include specific instrudifferential units shall mount on the traditional flange and
tions in acquisition documents regarding arrangements fopressure units shall interface with the flat adapter.

tests, approval of first-article test results and time period for $3.7.6 Digital Mete—The transducer shall have a direct

approval, and disposition of first articles. Invitations for bidsreading digital meter to display pressure in pressure engineer-
should provide that the purchaser reserves the right to waivgg units and in percent of analog range values. The meter shall
the requirement for samples for first-article testing to thosejisplay diagnostic messages for local troubleshooting. The
manufacturers offering a product which has been previouslyneter shall be capable of being rotated 90° clockwise or

acquired or tested by the purchaser; and that manufacturegyunterclockwise within the transducer housing for meter
offering such products, who wish to rely on such production ofreading flexibility.

test, must furnish evidence with the bid that prior purchaser g3 7 7 communications ProtocelThe transducer shall be
approval is presently appropriate for the pending contract. Theyicroprocessor-based. The transducer shall be capable of
manufacture of items before purchaser approval should bgigita] communications with field devices using the frequency
specified as the responsibility of the manufacturer. shift keying Highway Addressable Remote Transducer
S3.6 Materials (HART) protocol supported by the HART Communication
S3.6.1 Metals—Unless otherwise specified herein, all met- Foundation. Using the HART protocol, the transducer shall be

als used in the construction of the transducer shall beapable of providing analog signal output (see 3.8.3) and
corrosion-resistant or treated to prOVIde corrosion reSlStanC@jgita| communications over the same pair of wires.

Dissimilar metals shall not be used in contact with each other g3 7 g Handheld CommunicaterA handheld communica-
unles§ suitably finishec_i to prevent electrolytic corrosion. Thg,, shall be provided when specified (see S$3.5.2). The handheld
materials for the sensing element and wetted parts shall bg,\mynicator shall enable communication by an operator with
selected for long-term compatibility (see S3.8.1) with they,e ransducer using the HART protocol. The handheld com-
process medium (see S3.4.3). municator shall be capable of communicating with the trans-

S3.6.2Flammable Materials-Materials used in the con- qycer for configuration, test, and detailed setup of the trans-
struction of the transducer shall in the end configuration bgy,cer (see 3.8.5.2).

noncombustible or fire retardant in the most hazardous condi-
tions of atmosphere, pressure, and temperature to be expecte,
in the application. Fire retardance shall not be achieved by use _ ; L
of nonpermanent additives to the material. S3.7.10Damping—The use of a media for damping in

S3.6.3 Fungus-Resistant MaterialsMaterials used in the transducers s.haII be cited .on the equipment drawing.
construction of the sensor shall not support the growth of S3:7-12Weight—The weight of a transducer shall not ex-
fungus. ceed 2.7 kg (6 Ib). The weight of a traditional flange/bracket

S3.6.4 Solvents, Adhesives, and Cleaning Agedtghen  Snall not exceed 2.7 kg.
chemicals or cements are used in bonding of internal trans- S3.8 Performance Requirements
ducer components, no degradation shall result during in- S3.8.1 Service Life-The transducer shall be constructed for
service use. a life of 25 years of operation and shall meet the requirements
S3.7 Physical Properties specified herein when operated in the naval shipboard environ-
S3.7.1 Enclosure—The transducer body and pressure cavityment.
shall be environmentally sealed unless otherwise specified. The S3.8.2 Input Power—The transducer shall be designed to
transducer enclosure shall be Type 4X in accordance witlhperate using 28+ 4.5 Vdc power. The transducer shall
NEMA Standard 250. operate with power supply variations as specified in S3.11.2.10
S3.7.2 Transducer Mounting-The transducer shall be and $3.11.2.13.
mounted on an integral coplanar flange/bracket, as shown in S3.8.3 Output—The electrical signal output of the trans-
Fig. S3.1, for interface with the process medium. For Types Riucer shall be dc, directly proportional to the pressure or
V, and C transducers, the equalizing valve control handles shatlifferential pressure input. The output shall be a true current
be removed and equalizing valve ports shall be blanked.  source or true voltage source. The output type shall be
S3.7.3 External Configuratior-The transducer shall have selectable via a handheld communicator (see S3.7.8) or other
an external configuration within the boundaries established bgevice using the HART protocol. Selectable output types shall
Figs. S3.1 and S3.2. be 4t0 20 mA,1to 5V, and 0.8 to 3.2 V.

3.7.9 Lubrication—The transducer shall operate without
rication of moving parts after assembly.

24



A8y 2070 — 00
“afl

ELECTRICAL CONNECTION LOCATION

A
1
— VZAR SSN
|
i i
i i
i
.. N\

PRESSURE PORT

LOCATIONS
Dimension mm in.
A 85.0 max 3.2 max
B 165.0 max 6.4 max
C 205.0 max 8.0 max

Note 1—Dimension tolerance is1.25 mm (0.05 in.), unless otherwise specified.
Note 2—The pressure port(s) shall be generally located as shown. Differential pressure transducer ports shall be located to match traditional

flange/bracket configuration.

FIG. S3.1 Transducer External Configuration Boundary Limits

S3.8.3.1Current Output—When a 4- to 20-mA current to any pressure value within the programmed transducer span.
output is selected, the requirements specified herein shall behe transducer shall be capable of assigning the high output
met regardless of external load resistance variations over lue (20 mA, 5V, or 3.2 V) to any pressure value within the
range from O to 25@). The 4-mA output shall correspond to programmed transducer span that is higher than the low output
the lower pressure or differential pressure range value and th@essure value.

20-mA output shall correspond to the upper pressure or S3.8.4Pressure Ports (Transducer Type D OmrlyJhe
differential pressure range value for the transducer span prdransducer shall be capable of operation with either pressure
grammed into the transducer (see S3.8.3.3). port as the high-pressure port and the other as the low-pressure
S3.8.3.2VWoltage Output-When a voltage output is se- port. Selection of high- and low-pressure ports shall be
lected, the requirements specified herein shall be met fgprogrammable from a remote device using the HART protocol.
external load resistance exceeding 100 000’ he 1- or 0.8-V S3.8.5 Transducer PerformaneeUnless otherwise speci-
output (output Type 3 or 4, respectively) shall correspond to théied, performance tolerances are specified in percent of trans-
lower pressure or differential pressure range value for the&lucer output span for each settable span.

transducer span programmed into the transducer (see 3.8.3.3)S3.8.5.1Rangeability—Rangeability of the transducer shall
The 5- or 3.2-V output (output Type 3 or 4, respectively) shallbe 100 to 1. Span values shall be settable anywhere within the
correspond to the upper pressure or differential pressure rangange limits. Minimum span shall be no more than 1 % of the
value for the transducer span programmed into the transducepper range value.

(see 3.8.3.3). S3.8.5.2Communications-The transducer shall be capable
S3.8.3.3Floating (Live) Zere—The transducer shall be of communication with field devices using the HART protocol
capable of assigning the low output value (4 mA, 1V, or 0.8 V)(see S3.7.8). The transducer shall be programmed such that
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EQUALIZING PRESSURE R
/-VALVE(TYP) ] M
[ ]
BOLT THRU HOLE FOR
TRANSDUCER MOUNTING e FLANGE/SHIP SYSTEM
(E DIA - 4 PLACES) PRESSURE CONNECTION
(X -2 PLACES)
‘ -
% . W ) AT 16
I ) - j
Lol H® ©d 0o | To0 || cHilEe | H i
1 >§<j D - 1 Fmmy
% %) ] - 57
FLANGE/TRANSDUCER
PRESSURE CONNECTION
(F DIA - 2 PLACES)
A lew
S 9 o @
BOLT THRU HOLE FOR KT
BRACKET MOUNTING
(HDIA - 4 PLACES) o Lo
J -] v
T i T
Dimension mm in.
A 41.3 1.625
B 54.0 2.125
C 159 0.625
D 9.6 0.375
E 12.7 dia 0.5 dia
F 11.2 0.4375 dia
G 60.5 2.375
H 12.7 dia 0.4375 dia
| 60.5 2.375
J 20.7 0.8125
K 13.5 0.531
L 93.7 3.6875
M 12.7 0.4375
N 31.75 1.25
P 188.9 7.4375
Q 6.35 0.25
R 85.7 3.375
S 60.5 2.375
T 128.6 5.0625
\% 101.6 4.0
W 6.35 0.25
X M12Xx 1.5 716-20UNF-2B

Note 1—Dimension tolerance is1.25 mm (0.05 in.), unless otherwise specified.

FIG. S3.2 Traditional Flange/Bracket Configuration

field device operators can perform configuration, test, andlescription of the transducer. Informational data shall include
tag, descriptor, and message fields for the transducer, date,

detailed setup of the transducer.

S3.8.5.2.1Configuration—In the configuration mode, field flange type, flange material, drain/vent material, O-ring mate-
device operators shall be capable of the adjustment of transial, and remote seal information.
ducer operational parameters including, but not limited to, S3.8.5.2.2Test—In the test mode, field device operators
linear or square root output, damping, engineering unit selecshall be capable of interrogation of the transducer when a
tion, and assigning high and low pressure ports (differentiaproblem has been detected. The field device operator shall be
transducers). The field device operator shall be capable afapable of being directed to give specific outputs for loop
entering informational data for identification and physicaltesting.
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A

I S I
] ]
Dimension mm in.
A M12 X 1.5 716-20UNF-2B
B 50.8 2.0
C 25.4 1.0

Note 1—Dimension tolerance is1.25 mm (0.05 in.), unless otherwise specified.
FIG. S3.3 Flat Adapter

S3.8.5.2.3Detailed Setup-The detailed setup mode isused S3.8.5.10Ripple—Transducer rms output ripple shall not
during initial setup of the transducer and for maintenance of thexceed 0.15 % of full-scale dc output.
digital electronics. Detailed setup shall include the setting of S3.8.5.11Steady-State Supply Voltagéaximum differ-
transducer zero and span values anywhere within availablence between outputs at any voltage condition and the normal
range limits, analog output selection, and transducer calibrg28-vdc) at the same input and test temperature (differential
tion. The field device operator shall be capable of selectingressure shall be included for Type D) shall not exceed 0.5 %.
security features to prevent accidental or deliberate adjustment $3.8.5.12Pressure Rating and Common Mode Pressure

of analog output setpoints. _ (Transducer Type D Only-Type D transducers shall have a
S3.8.5.3Static Error Band—The transducer static error pressure rating of 21 MPa (3000 IbAp.During the common
band shall not exceett0.25 %. mode pressure test, transducer performance shall be within the

S3.8.5.40utput—The output shall conform to S3.8.3 and range formed by extending the upper and lower static error
the transducer performance shall be within the static error bangand limits specified in $3.8.5.3 by a percentage equal to:
specified in S3.8.5.3. Svst i

S3.8.5.5Warm-Up Time—The transducer output shall attain (1/10 éiffﬁei?a?ﬁiiﬁéar;:%g

a value within =0.5 % of the steady-state output with no
overshoot in excess of 0.5%. Output shall reach this band S3.8.5.13Response-Transducer output shall conform to

within 2 s after the transducer is energized and shall remain i€ following criteria, where all percentages are of transducer

this band. span:
$3.8.5.6Enclosure—The transducer shall meet all test cri- (1) The transducer output shall be within2 % of the

teria in NEMA Standard 250 for Type 4X enclosures. maximum ramp pressure within 0.01 s of the time that pressure
S3.8.5.7 Repeatability—Repeatability of transducer output IS attained.

shall be within 0.5 %. (2) The transducer output shall exhibit no overshoot of
S3.8.5.8Sensitivity FactoeThe sensitivity factor shall not maximum ramp pressure in excess of 2 %.

be less than 0.75 nor more than 1.25. (3) The transducer output shall indicate the actual pressure to

S3.8.5.9Stability and Temperature The transducer shall within £1 % in 0.175 s or less after attainment of maximum
remain within the static error band specified in S3.8.5.3ramp pressure, and shall remain within this error band for the
throughout the stability and temperature test. duration of applied steady-state pressure.
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S3.8.5.14Transient Supply VoltageDuring the voltage S3.11.1Test Conditions-Except where the following fac-
transient test, the transducer output shall remain wittb %  tors are the variables, the tests specified in S3.11.2 shall be
of the pretransient output. conducted with the equipment under the following operating

S3.8.5.15Power Interruptior—During the power interrup- environmental conditions:
tion test, transducer performance shall conform to S3.8.5.3.  $3.11.1.1 Ambient temperature shall be 22°C.

S3.8.5.160verpressure-Calibration conducted after over-  53.11.1.2 Relative humidity shall be ambient.

pressure test shall have no values in excess of 1 % deviation S$3.11.1.3Range Setting-The transducer has a rangeability
frog:ls tge5 g;eipver;)ressure t_l?St re(;erenc_? me%sgemefr;t. from 100 to 1 (S3.8.5.1). All tests, excluding static error band
h |.' -2 /LIne Fressure (drans ucefr ype ﬁf\ber . hand repeatability (S3.11.2.6), shall be conducted with the
the line pressure test, transducer performance shall be Withi,nsqycer set at approximately the mid range. Static error band

the static error band specified in 53'815'3' and repeatability shall be accomplished at 3 ranges (low,
S3.8.5_.18Pressure Cycllng—Callbranon conducted after _medium, and high) within the capability of the transducer
completion of pressure cycling test shall have no values iR qer test.

excess of 1 % deviation from pretest reference measurement.
S3.8.5.19Insulation ResistaneeThe insulation resistance

of the transducer shall be not less than 10M
S3.8.5.20Vibration—Monitored transducer output during

o L complete warm-up.
all phases of vibration test shall show no variation from $3.11.2 1Ref M A ref
steady-state output in excess of 2 %. There shall be no visible =2 >=< elerence Measuremeni reference measure-

evidence of damage to the transducer as a result of thi@ent consisting of a one-trial calibration with at least five

vibration test equally spaced intervals over the entire transducer range both
S3.85 21éhock—The transducer shall operate during anolupscale and downscale shall be conducted when specified in

after the shock test. After the shock test, the transducer outplﬁtPe individual test. o

shall have no value in excess of 1% deviation from the _S3.11.2.2Commun|cat|oqs—The test shall be conducted

pre-shock test reference measurement. There shall be no visy¥fh @ handheld communicator using the HART protocol.

test. performed. In the test mode, transducer problems shall be

S3.8.5.22Burst Pressure-The transducer shall withstand Simulated to verify test mode functions. Performance shall

the burst pressure specified in $3.11.2.21 without showing an‘}PnfOfm to S3.8.3, S3.8.4, S3.8.5.1, and $3.8.5.2. All handheld
evidence of leakage. communicator functions shall be verified.

S3.8.5.23Short-Circuit Test-After the short-circuit test, ~ S3.11.2.30utput—Three reference measurements shall be
the transducer shall exhibit no damage and shall conform tg1ade in accordance with S3.11.2.1. Each reference measure-

S3.11.2 Tests—Except for the warm-up time test (see
S3.11.2.4), the transducer and all associated test equipment
shall be energized for a period of time sufficient to ensure

S3.8.5.3. ment shall use a different set of low- and high-output values

S3.8.5.24Line Voltage Reversal TestThe transducer shall (see $3.8.3.3). Performance shall conform to the requirements
conform to $S3.8.5.3 after the line voltage reversal test. of $3.8.5.4.

S3.8.5.25Electromagnetic Interference (EMHThe trans- S3.11.2.4Warm-Up Time-The test shall be conducted to
ducers shall meet the requirements of Table Il of MIL-STD-determine the elapsed time between the application of line
461, except as modified as follows: power to the transducer and the point at which the transducer

(1) CE101—The test signal shall be applied only to the acoutput reaches the conditions specified in S3.8.5.5.
power leads of the test sample. S3.11.2.4.1Test Conditions-The transducer shall be sub-

(2) CE102—The test signal shall be applied only to the agected to the ambient temperature of the testing location, while
power leads of the test sample. deenergized, for not less than 2 h. Recording equipment and

(3) CS114—Only Limit Curve #2 shall apply with the other auxiliary equipment shall be energized to ensure com-
frequency range limited from 10 kHz to 30 MHz. plete warm-up. An input pressure (differential pressure for

(4) RE101—Only the limit curve for 50 cm shall apply. Type D) of 80+ 5 % of the transducer upper range limit shall
(5) RS103—The frequency range shall be limited from 10be applied to the transducer and maintained constant during
kHz to 18 GHz with an electric field strength test level of 10 this test. Performance shall conform to S3.8.5.

V/m. S3.11.2.5Enclosure—The enclosure shall be subjected to
S3.9 Workmanship, Finish, and Appearance the tests in NEMA Standard 250 for Type 4X enclosures.
S3.9.1 Transducer Cleaning-The manufacturer shall en- Performance shall conform to S3.8.5.6.

sure that pressure transducers shall be free of all loose scale,S3.11.2.6Static Error Band and RepeatabilityThe trans-

rust, grit, filings and other foreign substances and free otjucer shall first be flexed over its full pressure range by slowly

mercury, oil, grease, or other organic materials. Transducers faficreasing and decreasing the applied pressure for six continu-

all applications shall be freshwater or clean gas calibratechus cycles. The calibration measurement shall be made at a

cleaned, and pressure connections capped. minimum of five equally spaced intervals over the entire range
S3.10 Number of Tests and Retests (both upscale and downscale). Precaution shall be taken to
S3.10.1Test Specimer(see 10.1). avoid overshoot. This calibration procedure shall be applied
S3.11 Test Methods three successive times to determine repeatability. Static error
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band of all calibrations shall meet the requirements of S3.8.5.3espectively, recovering to the steady-state band in 2 s, super-
Repeatability shall meet the requirements of S3.8.5.7. imposed. Performance shall conform to the requirements of
S3.11.2.7Sensitivity FactorThe sensitivity factor shall be S3.8.5.14.

determined as follows: Provide a pressure (differential pressure $3.11.2.14Power Interruptior—An input pressure (differ-

for transducer Type D) to the transducer of 805 % of  ential pressure for transducer Type D) of 80 5% of
transducer upper range limit. Record the input pressure (difyansducer upper range limit shall be applied to the transducer
ferential pressure) and corresponding electrical output. INanq maintained constant during the test. With the transducer
crease(:j_the pgess?re (differential Iprgssure) b&’ g” hamhount NBherating within the steady-state voltage tolerances, the exter-
exceeding 1 % o _upper range Imit. Recor : oth the NeW, 3| power supply shall be interrupted for an interval of 3 to 4
pressure (differential pressure) and corresponding new electré— The power supply shall then be reestablished to within

cql OUtpl.Jt' Calculate the chan.ge in both applied Pressur, eady-state tolerances. The transducer shall be operated at
(differential pressure) and electrical output as a percentage @ .
teady-state power for 1 min. The power supply shall then be

transducer range. Determine the ratio of electrical Outpu’ltié}terrupted for an interval of 30 s. This cycle shall be repeated

percentage change to applied pressure (differential pressur i Perf hall f o th . s of
percent change. Repeat this procedure for a pressure (differe ree imes. Ferformance shall contorm 1o the requirements o

tial pressure) decrease not exceeding 1 % of upper range limi 3.8.5.15.
Performance shall conform to the requirements of S3.8.5.8. S3.11.2.150verpressure-Before the overpressure test, a
S3.11.2.8Stability and Temperature The transducer shall reference measurement in accordance with S3.11.2.1 shall be
be operated at an input pressure (differential pressure fdhade. The transducer shall successfully withstand pressure
transducer Type D) of 806t 5 % of transducer upper range (differential pressure for transducer Type D) equal to 200 % of
limit for a period of ten days. Starting ambient temperatureitS upper range limit with a maximum pressure of 85 MPa
shall be 25+ 2°C. At the end of three days, the ambient (12 000 Ib/in?) for a period of¥2 h. At the end of this period,
temperature shall be changed tat02°C. At the end of five transducers shall be immediately subjected to a pressure equal
days, the ambient temperature shall be changed t& €&C.  to 7 kPa (1 Ib/irf) or 10 % of upper range limit, whichever is
At the end of seven days, the ambient temperature shall bess, below atmospheric for an additional periodafi. Within
returned to 25+ 2°C. Performance shall conform to the 10 min after release of this pressure, a reference measurement
requirements of S3.8.5.9. (see S3.11.2.1) shall be made for comparison. Performance
S3.11.2.9Ripple—Transducer output rms ripple shall be shall conform to S3.8.5.16. For Type D only, if the line
determined at an input pressure (differential pressure fopressure rating exceeds 200 % of the maximum differential
transducer Type D) of 8@ 5% of transducer upper range pressure range, the overpressure test shall be omitted and 0.5 %
limit. Performance shall conform to the requirements ofdeviation shall be applied to the line pressure test (see
S3.8.5.10. S$3.11.2.16).

S3.11.2.10Steady-State Supply Voltagdhe transducer  $3.11.2.16Line Pressure (for Transducer Type D Only)
shall be operated at normal, maximum, and minimum steadyfhe transducer shall successfully withstand the pressure rating,
state voltages (dc). Performance shall conform to S3.8.5.11.\yhen applied to one pressure port with the other pressure port

S3.11.2.11Common Mode Pressure (Transducer Type Dyented to the atmosphere for a period of 10 min. The preceding
Only)—The rated pressure of the transducer shall be applieghall be repeated with the pressure applied to the opposite
simultaneously to both pressure ports. The pressure at thgessure port of the transducer. After each test, a reference

assigned low-pressure port shall then be decreased in pressy@asurement in accordance with S3.11.2.1 shall be made.
increments specified in S3.11.2.1 to the specified transduc®ferformance shall conform to S3.8.5.17.

range and then increased in similar increments to the S3.11.2.17Pressure Cvcling-Before performing the ores-

transducer-rated pressure. Performance shall conformto S3.8.47 """ yeling- P 9 P

and S3.85.12. The test shall be conducted once with eacii"® cycling test, a reference measurement shall be made (see
o 3.11.2.1). The test shall be conducted on a suitable system by

pressure port as the assigned low-pressure port. Wi odi h f not than 20 % t
S3.11.2.12Response-A pressure (differential pressure for ﬁgflélgsg t?\;r?g% OI/(O: g;if;ére r;nzr;gﬁn?it ?gr ?g; | 0?260 OSOO
Type D) ramp consisting of a pressure (differential pressure forycles. The rate of cycling shall be within the range from 0.25

Type D) rise of at least 40 % of transducer upper range limi .
occurring at a rate of not less than 400 % per second shall He 2 Hz. The transducer shall be energized throughout the test.

applied to the transducer. The maximum ramp pressure shall b§t€r completion of the pressure cycling test, a reference
maintained for at least 0.50 s and shall not vary by more thaf’éasurement shall be made for comparison (see S3.11.2.1).
+2 9% of the transducer upper range limit. Performance shafPérformance shall conform to S3.8.5.18.
conform to S3.8.5.13. S3.11.2.18Insulation Resistanee The insulation resistance
S3.11.2.13Transient Supply VoltageTests shall be con- ©Of the transducer shall be determined by applying 50 Vdc
ducted with a pressure (differential pressure for transducepetween electrical input and output circuits and between these
Type D) input signal equal to 86 5 % of the transducer upper circuits and ground. The relative humidity shall be 5A.0 %.
range limit. With the transducer operating at the upper and he insulation resistance measurement shall be made immedi-
lower limits of steady-state dc voltage, the dc-powered transately after a 2-min period of uninterrupted test voltage appli-
ducer shall have a transient voltage of no more thahV, cation. However, if the indication of insulation resistance
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meets the specified limit (see S3.8.5.19) and is steady dransducer upper range limit shall be applied to the transducer
increasing, the test may be terminated before the end of the twand maintained constant during the test. The +28-Vdc conduc-
minute period. tor from the power supply shall be connected to the negative
S3.11.2.19Vibration—The transducer shall be tested in terminal on the transducer terminal board. The -28-Vdc
accordance with Type | (environmental) vibration of MIL- conductor from the power supply shall be connected to the
STD-167-1. The following exceptions apply: the upper fre-positive terminal on the transducer terminal board. The trans-
qguency shall be 175 Hz, the amplitude of vibration shall be inducer shall be energized for a period of 10 min and then
accordance with Table S3.2 for the variable frequency portiondisconnected. The power shall then be correctly connected
and the vibration level shall be maintained for 2 min at each(positive conductor to positive terminal and negative conductor
integral value of frequency. If no resonance frequencies arto negative terminal). A reference measurement shall be made
observed, the 2-h endurance test shall be conducted at 175 Hgee S3.12.2.1). The transducer shall conform to the require-
During the vibration test, a fluid pressure of 805 % of the = ments of S3.8.5.24.
transducer upper range limit shall be applied to the transducer. S3.11.2.24EMI| Tests—The EMI tests shall be in accor-
Transducer output during the test shall be monitored. Perfordance with the test methods specified in MIL-STD-461, with
mance shall conform to S3.8.5.20. the modifications as specified in S3.8.5.25. Performance shall
S3.11.2.20Shock—The shock tests shall be conducted inbe as specified in S3.8.5.25.
accordance with Grade A, Class 1, Type C using bulkhead S3.12 Inspection
mounting fixture 4-A of MIL-S-901. During the test, a fluid  S3.12.1Classification of InspectiorsThe inspection re-
pressure (differential pressure for transducer Type D) of-80 quirements specified herein are classified as follows:
5 % of the transducer upper range limit shall be applied to the S3.12.1.1 First-article tests (see S3.12.3).
transducer. The transducer output during the test shall be S3.12.1.2 Conformance tests (see S3.12.4).
monitored. Before and after the shock test, reference measure-S3.12.2 First-Article Tests—First-article tests shall be per-
ments shall be made for comparison. Performance shall corfiermed before production. First-article tests shall be performed
form to S3.8.5.21. on samples that have been produced with equipment and
S3.11.2.21Burst Pressure-The transducer shall be sub- procedures normally used in production. First-article tests shall
jected to a liquid pressure equal to 300 % of the upper rangeonsist of the tests specified in Table S3.3. Failure of any
limit with a maximum pressure of 105 MPa (15 000 Ibf)n. pressure transducer to meet the requirements of this specifica-
applied to the transducer (simultaneously to both sides fotion shall be cause for rejection.
transducer Type D) for a period of 10 min. The transducer shall S3.12.2.10rder of First-Article Tests-With the exception
conform to the requirements of S3.8.5.22. No performance tegf the electromagnetic interference emission and susceptibility
shall be required after the burst pressure test. A referendest which may be conducted on separate transducers, the test
measurement (see S3.11.2.1) shall be recorded for informati@pecimens (transducers) shall be subjected to the tests specified
purposes. in Table S3.3 in the order listed. Any deviation in the test order
S3.11.2.22Short Circuit—An input pressure (differential shall first be approved by the purchaser.
pressure for transducer Type D) of 80 5 % of transducer S3.12.3Conformance TestsEach pressure transducer in
upper range limit shall be applied to the transducer anckach lot offered for delivery shall be subjected to the tests listed
maintained constant during the test. The transducer shall be
de-energized. The electrical output terminals of the transducer

shall be connected together with no load resistance. The TABLE S3.3 First-Article Tests

transducer shall be energized for 5 min. Immediately following Test Test Method Requirement
the 5-min period, the output terminals shall be unshorted. Theommunications S31122  S3.85.1and S3.8.5.2
transducer shall conform to the requirements of S3.8.5.23. Outut S31123  S3.854
X ) ) Warm-up time S3.11.24  S3.855
S3.11.2.23Line Voltage ReversatAn input pressure (dif-  gncosure S31125  S3856
ferential pressure for transducer Type D) of 805 9% of  Static error band and repeatability S3.11.26  S3.85.3 and S3.8.5.7
Sensitivity factor S3.11.2.7 S3.8.5.8
Stability and temperature S3.11.2.8 S3.8.5.9
Ripple S3.11.29  S3.85.10
TABLE S3.2 Amplitudes of Vibration Supply voltage (steady-state) $3.11.2.10 S3.8.5.11
Frequency Range, Hz Table Amplitude Common mode pressure (transducer S3.11.2.11 S3.8.5.12
Type D only)
Exploratory Variable Frequency Response S3.11.2.12  S3.8.5.13
- Supply voltage (transient S3.11.2.13 S3.8.5.14
St Units, mm Power interruption S311.2.14 S3.85.15
5 to 20 0.255 + 0.050 0.765 + 0.150 Overpressure S3.11.2.15 S3.8.5.16
21 to 50 0.105 =+ 0.025 0.510 = 0.100 Line pressure (transducer Type D only) S3.11.2.16  S3.8.5.17
51 to 100 0.0380 + 0.0075 0.255 = 0.050 Pressure cycling S3.11.2.17 S3.8.5.18
101 to 175 0.0130 + 0.0025 0.0380 + 0.0075 Insulation resistance $3.11.2.18 S$3.8.5.19
ineh-Pound Units. in. Vibration S3.11.2.19  S3.8.5.20
' Shock $3.11.2.20 S3.85.21
5 to 20 0.010 + 0.002 0.030 * 0.006 Burst pressure S3.11.2.21 S3.85.22
21 to 50 0.004 + 0.001 0.020 + 0.004 Short-circuit S3.11.2.22 S3.85.23
51 to 100 0.0015 = 0.0003 0.010 = 0.002 Line voltage reversal S3.11.2.23  S3.8.5.24
101 to 175 0.0005 + 0.0001 0.0015 + 0.0003 EMI S3.11.2.24  S3.85.25
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in Table S3.4 and shall be conducted in the order listed. Failurthe purchase order or contract should specify that all test data
of any pressure transducer to meet the requirements of thigmain on file for three years at the manufacturer’s facility for
specification shall be cause for rejection. review by the purchaser upon request.

S3.12.4General Examinatior-Each transducer shall be  S3.14 Product Marking
given a thorough examination to determine conformance to the S3.14.1Label Plates—A label plate with engraved or
requirements of this specification with respect to materialstamped markings shall be permanently affixed to the trans-
finish, workmanship, construction, assembly, dimensionsducer. At a minimum, it shall contain the following:
weight, and marking of identification. Examination shall be S3.14.1.1 "PRESSURE TRANSDUCER” or “DIFFEREN-
limited to the examinations that may be performed withoutTIAL PRESSURE TRANSDUCER,”
disassembling the units. The manufacturer shall be responsible S3.14.1.2 Manufacturer’'s name,
for ensuring that materials used are manufactured, examined, S3.14.1.3 National Stock Number (NSN), if available,
and tested in accordance with applicable approved industry S3.14.1.4 Date of manufacture,
standards. S3.14.1.5 Designation, and

S3.13 Certification S3.14.1.6 Pressure rating for Type D transducers.

S3.13.1 The purchase order or contract should specify S3.14.2 Transducers for use with Application F shall have
whether the purchaser shall be furnished certification thatUSE NO OIL FOR CALIBRATION” prominently marked on
samples representing each lot have been either tested thre body.
inspected as directed in this specification and the requirements S3.14.3 The legend “DO NOT LUBRICATE” shall be
have been met. The purchase order or contract should specifirominently marked on the body.
when a report of the test results shall be furnished. Otherwise, S3.15 Packaging and Package Marking

S3.14.1 Packaging and package marking shall be in accor-
dance with Section 15.

TABLE S3.4 Conformance Tests S3.16 Quality Assurance

Test Test Method Requirement S3.16.1Quality System-A quality assurance system in
General examination 53175 53.6 and S3.7 acco_rdance with ISO 90_01 shall pe mamtf?uned to control the
Output S3.11.23  S3.85.4 quality of the product being supplied effectively, unless other-
Static error band and repeatability S311.26  S3853and S3857  wise specified in the acquisition requirements (see S3.5.2).
Sensitivity factor S3.11.2.7 S3.8.5.8 . .
Insulation resistance S3.11.2.18 S3.8.5.19 S3.16.2Warranty—Any SpeC|aI warranty reqU|rememS

shall be specified in the acquisition requirements (see S3.5.2).

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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