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Temperature Monitoring Equipment
This standard is issued under the fixed designation F 2362; 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 4.2 Thermocouples-Thermocouples are constructed in a

1.1 This specification covers the requirements for equip¥ariety of designs to provide measurement of direct or differ-
ment intended to provide control input and monitoring Ofen_tlal temperature. Thermocouples are commonly installed
temperatures in general applications. Equipment described #Sing @ thermowell which protects the thermocouple but also
this specification includes temperature indicators, signal cordelays the rapid response time characteristic of thermocouples.
ditioners and power supplies, and temperature sensors such agh2-1 Principle of Operatior-Most thermocouples utilize
thermocouples and resistance temperature element assembli42 wires fabricated from dissimilar metals joined at one end

1.2 Special requirements for Naval shipboard application§® form a measuring junction that is exposed to the process
are included in the Supplementary Requirements section. Medium being measured. The other ends of the wires are

1.3 The values stated in S units are to be regarded as tHsually terminated at a measuring instrument which forms a

standard. The values given in parentheses are for informatidigference junction. When the two junctions are exposed to
different temperatures, electrical current will flow through the

only. circuit (Seebeck Effect). The measurement of millivoltage
2. Referenced Documents resulting from the current is proportional to the temperature
2.1 ASTM Standards? being sensed.
D 3951 Practice for Commercial Packaging 4.2.2 Types of ThermocouplesThermocouples can be di-
E 344 Terminology Relating to Thermometry and Hydrom-Vided into functional classes by materials and therefore,
etry temperature ranges. The three classes are base metal, noble
metal, and refractory metal. Although many types are com-
3. Terminology monly used in industrial applications, the Instrument Society of
3.1 Definitions—Definitions of terminology shall be in ac- America (ISA) has assigned letter designations to seven types.
cordance with Terminology E 344. By convention, the practice of using a slash mark to separate
the materials of each thermocouple wire is widely accepted.
4. Classification Likewise, the order in which the materials appear also denotes

4.1 Genera—Temperature measuring devices are generallpolarity of the wires; positive/negative when the measuring
classified as either temperature sensors or thermometers. Thinction is at a higher temperature than the reference junction.
mometers are not covered by this specification. Temperaturéhe following are examples of typical thermocouples:

sensors are classified by design and construction. Sensors mayclass  Type Materials Temperature (max)
also be classified by the manner of response, basically me?se metal J lron/constantan 1000°C (1832°F)
. . . . Basemetal T Copper/constantan 1000°C (1832°F)
chanical or electrical, toa change in temperature. l\{lechanlcaﬁase metal K Chromel/Alumel 1000°C (1832°F)
response is characterized by some mechanical action as temese metal E Chromel/constantan 1000°C (1832°F)
perature changes. Electrical response is characterized by tff@se metal - Alloys of copper, nickel, iron, chromium, 1000°C (1832°F)
. . . manganese, aluminum, and other metals
pl’OdUCtIOﬂ or Change of an elec_tncal Slgnal Or Property aSyople metal - Various noble metals 2000°C (3632°F)
temperature changes. The following describes the most conRefractory - Tungsten-rhenium, tantalum, molybdenum, 2600°C (4712°F)

metal and their alloys

4.3 Resistance Temperature Measuring Deviees
- Resistance thermometers measure changes in temperature
1 This specification is under the jurisdiction of ASTM Committee F25 on Ships based on changes in resistance of the sensor element exposed

and Marine Technology and is the direct responsibility of Subcommittee F25.10 or% .
Electrical. o the temperature. Two common types are resistance tempera-

Current edition approved Dec. 1, 2003. Published January 2004. ture detectors which have metal sensor elements and ther-
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, ormistors which have semiconductor sensor elements.

contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM

Standardssolume information, refer to the standard’s Document Summary page on

the ASTM website.

mon types of sensors:

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4.3.1 Resistance Temperature Detectors (RFBAN RTD 7.1.2 Power Supphk+~The power supply shall provide exci-
consists of sensor which uses a metal wire or fiber whichation energy to the signal conditioner and sensor.
responds to changes in temperature by changing its resistance7.1.3 Test Device-A test device shall be furnished to
The sensor is connected to a readout via a bridge circuit gorovide a calibrated test signal used for calibrating the equip-
other means of translating the resistance to a temperaturaent.
value. 7.2 Size and Weight Consideratieng\ dimensional outline
4.3.1.1Types of RTDs-RTD designs include averaging of the temperature monitoring equipment showing overall and
RTDs, annular RTDs, and combination RTD-thermocouplesprinciple dimensions in sufficient detail to establish space
Averaging RTDs are characterized by a long resistance elegequirements in all directions necessary for installation and
ment. Annular RTDs have sensors that are designed to provideervicing will greatly assist proper selection. In many applica-
a tight fit within the inner walls of thermowells. Combination tions weight is a critical limitation.
RTD-thermocouples have both an RTD and a thermocouple 7.3 General Features-Requirements for general features
housed in the same sheath. shall be specified. General features consist of the following:
4.3.2 Thermistors—Thermistors are made of solid semicon- 7.3.1 Output,
ductor materials, usually complex metal oxides, that have a 7.3.2 Equipment range,
high coefficient of resistance. Thermistors are available with 7.3.3 Adjustments,
positive and negative temperature coefficients of resistance and7.3.4 Failsafe output,
are usually designated PTC and NTC thermistors, respectively. 7.3.5 Isolation,
The temperature range for typical thermistors is 100 to 300°C 7.3.6 Enclosure,
(212 to 572°F). 7.3.7 Power supply requirements, and
4.3.2.1 Types of ThermistorsThermistors are classed by 7.3.8 Cable entrance and connection.
the configuration of the semiconductor material. Common
types are the bead, disc, washer, and rod thermistors. Leads @&e Performance Requirements
attached to semiconductor materials, except where metal platedg 1 Service Life~The purchaser may have a minimum
faces are used for contact to complete the circuit. specified service life requirement. Critical service life require-

ments shall be specified in the acquisition requirements.

5. Ordering Information . ) .
) ) 8.2 Performance ConsiderationsCertain performance
5.1 The purchaser should provide the manufacturer with allparacteristics may be deemed critical to the intended or

of the pertinent application data outlined in the acquisitionyegired function of temperature monitoring equipment. Perfor-

requirements. . L mance tolerances are usually expressed in percent of equip-
5.2 Acquisition RequirementsAcquisition documents ment span. The following performance characteristics and
should specify the following: _ L environmental exposures should be tailored to each purchaser's
5.2.1 Title, number and date of this specification, intended application:
5.2.2 Classification required, 8.2.1 Accuracy,
5.2.3 Quantity of units required, 8.2.2 Repeatability,
5.2.4 Type of enc_losure mounting, 8.2.3 Threshold and deadband,
5.2.5 Power requirements, 8.2.4 Ripple,
5.2.6 Equipment temperature ranges, 8.2.5 Warm-up time,
5.2.7 Size or weight limitations, 8.2.6 Input resistance,
5.2.8 Disposition of qualification test samples, 8.2.7 Supply voltage or frequency, or both,
5.2.9 Product marking requirements, and 8.2.8 Temperature error,
5.2.10 Special preservation, packaging, packing and mark- g 5 g Response time,
ing requirements. 8.2.10 Temperature,

. 8.2.11 Insulation resistance
6. Materials and Manufacture !
8.2.12 Vibration, and

6.1 Temperature SensersThe materials for all wetted parts g 5 13 ghock
shall be selected for long term compatibility with the process '

medium. 9. Workmanship, Finish and Appearance

7. Physical Properties 9.1 Finish and Appearanee-Any special surface finish and
7.1 Description—The equipment specified herein in con- @Ppearance requirements shall be specified in the acquisition

junction with the thermocouples or resistance temperatur€duirements.

measuring elements comprise a temperature instrument. The

temperature monitoring equipment may consist of the follow-10- Number of Tests and Retests

ing units and may be built integrally together and housed in the 10.1 Test SpecimerThe number of test specimens to be

same enclosure: subjected to qualification testing shall depend on the sensor
7.1.1 Signal ConditionerThe signal conditioner shall con- design. If each range is covered by a separate and distinct

vert the sensing element output to a continuous linear analogdesign, a test specimen for each range may require testing. In

signal directly proportional to temperature. instances where a singular design series may cover multiple
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ranges and types, only three test specimens may need to 8. Certification

tested provided the electrical and mechanical similarities are 13 1 \When specified in the purchase order or contract, the
approved by the purchaser. In no case, however, should leggrchaser shall be furnished certification that samples repre-
than three units, one unit each representing low , medium, angbnting each lot have been either tested or inspected as directed
high ranges, be tested, regardless of design similarity. in this specification and the requirements have been met. When
11. Test Data specified in the purchase order or contract, a report of the test

] ] results shall be furnished.
11.1 Test Data—All test data shall remain on file at the

manufacturer’s facility for review by the purchaser uponl4. Product Marking
request. It is recommended that test data be retained in the 14,1 Purchaser specified product marking shall be listed in
manufacturer’s files for at least three years, or a period of timgne acquisition requirements.
acceptable to the purchaser and manufacturer.
15. Packaging and Package Marking

12. Inspectio_r? _ _ _ _ _ 15.1 Packaging of Product for Deliver+Product should be
12.1 Classification of InspectiorsThe inspection require- packaged for shipment in accordance with Practice D 3951.

ments specified herein are classified as follows: 15.2 Any special preservation, packaging, or package mark-
12.1.1 Qualification testing, and ing requirements for shipment or storage shall be identified in
12.1.2 Quality conformance testing. the acquisition requirements.

12.2 Qualification Testing—Qualification test requirements
shall be specified where applicable. Qualification test method6. Quality Assurance Provisions
should be identified for each design and performance charac- 16.1 Warranty.
teristic specified. Test report documentation requirements 16.1.1 Responsibility for Warranty-Unless otherwise
should also be specified. specified, the manufacturer is responsible for the following:
12.3 Quality Conformance TestirgQuality conformance 16.1.1.1 All materials used to produce a unit, and
testing is accomplished when qualification testing was satisfied 16.1.1.2 Manufacturer will warrant his product to be free
by a previous acquisition or product has demonstrated reliabifrom defect of workmanship to produce the unit.
ity in similar applications. Quality conformance testing is
usually less intensive than qualification, often verifying that17- Keywords
samples of a production lot meet a few critical performance 17.1 resistance temperature detector (RTD); thermistor;
requirements. thermocouple

SUPPLEMENTARY REQUIREMENTS

TEMPERATURE MONITORING EQUIPMENT (NAVAL SHIPBOARD USE)

The following supplementary requirements established for U.S. Naval shipboard application shall
apply when specified in the contract or purchase order. When there is conflict between the standard
(ASTM F 2362) and this supplement, the requirements of this supplement shall take precedence for
equipment acquired by this supplement. This document supercedes MIL-T-15377, Temperature
Monitor Equipment, Naval Shipboard, for new ship construction.

S1. Scope sensing elements. Temperature monitoring equipment shall
S1.1 This supplement covers temperature monitoring equipthuate exterr_1a| audible alarms specined he_reln. .
ment which continuously monitors and selectively indicates, a% S1.3 StelectlvedTe?"npergture Ith.adout.Equ!pm ith t tive
a central location, a number of temperatures at remote equi;fmpera ure readout equipment, in conjunction with tempera-
ment locations on board naval ships ure sensor assembhgs and interconnecting cabling, comprise a
Y : o . _ temperature measuring system. In order to enable operating
S1.2 Monitoring Equipment-Monitoring equipment, in personnel to measure a number of temperatures at remote
conjunction with the temperature sensor assemblies and intefpints, the system shall enable the operator to manually select
connecting cabling, comprise a temperature measuring anfle desired point to be measured, convert the selected tempera-
alarm system. In order to warn operating personnel of abnoture sensor output to a signal proportional to temperature, and
mal temperature conditions, the system shall energize agisplay this signal on a meter calibrated in temperature °C (°F).
audible and visual alarm when the temperature at a particulaReadout of temperatures shall be accomplished by measuring
location is below or above a preset limit. Monitoring of the output of thermocouples or by measuring the signal output
temperatures shall be accomplished by measuring the electrdue to changes in resistance of temperature sensing elements.
motive force (emf) output of thermocouples or by measuring S1.4 The U.S. Government preferred system of measure-
the signal output due to changes in resistance of temperatureent is the metric SI system. However, since this item was
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originally designed using inch-pound units of measurement, in RTE—Resistance temperature element, platinum.
the event of conflict between the metric and inch-pound units, TCE—Thermocouple temperature element, type K.

the inch-pound units shall take precedence. S4.4.1 Readout RangesReadout ranges shall be provided
as specified as follows:
S2. Referenced Documents (1) For RTE type sensors, the following ranges and meter
S2.1 Commercial Documents: scales shall be provided:
ANSI C96.1 Temperature Measurement Thermocodples (a) 5to 127°C (-40 to 260°F)
S2.2 Government Documents: (b) 18 to 205°C (0 to 400°F)
S2.2.1 Military Standards: (c) 18 to 427°C (0 to 800°F)
MIL-STD-167-1 Mechanical Vibrations of Shipboard (d) 18 to 538°C (0 to 1000°F)
Equipment (Type |I—Environmental and Type ll—Internally (2) For type TCE sensors, the following ranges and meter
Excited) scales shall be provided:
MIL-STD-1399 Interface Standard for Shipboard Systems (a) 5to 127°C (-40 to 260°F)
Electric Section 300 Power, Alternating Current (Metric) (b) 18 to 205°C (0 to 400°F)
S2.2.2 Military Specifications: (c) 18 to 427°C (0 to 800°F)
MIL-S-901 Shock Tests, H.l. (High-Impact); Shipboard  (d) 205 to 816°C (400 to 1500°F)
Machinery, Equipment and Systems, Requirements for (e) 260 to 1093°C (500 to 2000°F)
MIL-PRF-19207/1 Fuseholders, Extractor Post Type, S4.5Number of ChannelsFhe number of channels, corre-
Blown Fuse Indicating, Type FHL10U sponding to the number of remote sensors that monitored shall

MIL-PRF-19207/2 Fuseholders, Extractor Post Type,be designated by its numerical value.
Blown Fuse Indicating, Type FHL11U
S5. Ordering Information

o S5.1 The purchaser shall provide the manufacturer with all
S3.1 Definitions: o , of the pertinent application data shown in accordance with
S3.1.1temperature monitoring equipmentke necessary g5 2 |f special application operating conditions exist that are

equipment required to continuously or selectively sense anfot shown in the acquisition requirements, they shall also be

indicate various temperatures including audible and visua§escribed.

alarms when specified. S5.2 Acquisition RequirementsAequisition documents

should specify the following:

S4. CIaSS|f|cfa1_t|on. o ) (1) Title, number and date of this specification,
S4.1 Classification—Monitoring and selective temperature (2) Classification required

readout equipment classification shall be of following format: (3) Quantity of items required,

S3. Terminology

Example: ASTM F2362S1-IC/A-1-RTE-40 (4) Number of temperature sensors to be monitored,
Specification Type Alarm ng;:iigge ’\(‘:Uhrggﬁglgf (5) Se;ting of aIarm channels_, if other than 93.3°C (200°F),
F236251 ICIA 1 RTE 40 (6) Height and weight of equipment assembly,
(see S4.2)  (see S43)  (see S4.4)  (see S4.5) (7) Number of remote resistance temperature sensors or

gremote thermocouple temperature sensors monitored by equip-
ent,

(8) Equipment alarm and readout temperature range,

(9) Accuracy or other performance requirements,

(10) Disposition of qualification test samples, and

(11) Unique preservation, packaging and marking require-
ents.

S4.2 Type—The equipment shall be designated by the
letter symbols as follows:

IC/A—Continuous, simultaneous monitoring of remote tem-
perature sensors for alarm and also manual selective tempera
ture readout.

IC/l—Manual selective temperature readout for measurin
temperatures at several remote locations.

IC/S—Continuous, sequential scanning of remote tempera- .
ture sensors for indication and alarm. S6. Materials and Manufacture

S4.3 Alarm—The alarm technique shall be designated by a S6.1 Unless otherwise specified, equipment shall be fabri-
single number as follows: cated from corrosion resistant materials compatible with sys-

1—Alarm on temperature above the set level or (exclusivéem piping materials and process medium.
or) below the set level as operator selected.

2—No alarm provision—temperature readout only. S7. Physical Properties

S4.4 Temperature Sensing Techniquéhe temperature S7.1 Enclosure Assembly:
sensing technique shall be designated by 3 letter Symbols ass7.1.1 Temperature Monitor EquipmenEquipment enclo-
follows: sure assembly shall be of sheet metal, splash-proof construc-

tion, and shall be suitable for either panel or bulkhead
mounting. Splash-proof construction shall be such that water or

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St., solid particles directed at the enclosed equipment or its
4th Floor, New York, NY 10036. g .

4 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,m0unt|_ng surface shall have no harmful effect on eQmeent
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098. operatlon.
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S7.1.2 Continuous Parallel Monitoring (IC/A)-Enclosure  circuits and parts, and terminals for interconnection to external
assembly for IC/A monitor equipment shall contain one tem-power and temperature sensors.
perature readout module and the number of alarm modules S7.1.7 Continuous Scanning Monitoring (IC/SEnrclosure
required to provide the number of alarm channels specified, uassembly for IC/S shall contain a readout, a micro processor,
to a maximum of 60. Modules shall be readily removable frominput multiplexers, A/D converters, and alarm circuits required
the enclosure assembly by means of integral plug-in featurei® provide the number of channels specified, up to a maximum
operable from the front of the enclosure. Access to the interiobf 60. Operating controls and the readout shall be accessible
or back of the enclosure assembly shall not be required térom the front panel. A provision shall be included whereby the
accomplish removal of any module. function of the front panel controls can be disabled to prevent
S7.1.3 Temperature Readout ModuléFhe temperature tampering by unauthorized personnel.
module shall be a temperature readout device and associatedS7.1.8 Temperature Monitor Equipment (IC/A)2Ae iden-
circuits. Necessary controls shall be located on the front paneification plate shall be provided for each enclosure assembly.
of the module. Individual identification plates shall be provided on each
S7.1.4 Alarm Module (IC/A and IC/l)=4adicator lights and module (alarm and indicator unit) showing the location of the
controls shall be located on the front panel of each alarn@ssociated temperature sensing element, next to each alarm
module to perform the following functions. Multi-position light, and identifying the function of controls and indicators
switches may be utilized to combine control functions speci.located on the front of each module. As an alternate, identifi-
fied. cation plates showing location of temperature sensor elements
(1) Power on light (white lens). may be provided on the overall equipment frame adjacent to
each module location. Plates shall also provide for indicating
the proper scale to use on the readout for each channel if a dial
type meter is used. Adjustment, calibration, setting, and stan-
dardization controls located within the enclosure assembly,
shall also be identified by means of identification plates.

(2) Alarm light for each temperature monitoring channel
(red lens).

(3) External alarm cut-out (silence) switch for each tem-
perature monitoring channel.

(4) Alarm set potentiometer. Temperature sensor connection terminals shall be marked to
(5) External alarm cut-out (silence) switch for temperaturecorrespond with the position identification for monitor point.
monitoring channels (one per equipment). S7.1.9 Selective Temperature Readout Equipment (IC/I)—

(6) Alarm circuit reset switch: one per module (if required). The position of all selector switches shall be marked to identify
(7) Test switch to verify continuity of alarm circuit, alarm the temperature sensor selected to be measured. Adjustment,
light, and temperature sensor (one per module). calibration, and sensor connection terminals located within the

(8) Read (indicate) light on each temperature monitoringe“dosure assembly shall be identified and marked.

channel to light when it has been selected at the readout S7.1.10Continuous Scanning Monitoring (IC/S)Fre
module. equipment display shall identify the location of the temperature

S7.1.5 Access (IC/A)-Electrical connection between alarm €/ément when an alarm condition occurs.
and readout modules and between modules and the otherS’-2 System Requirements:
circuits within the enclosure assembly shall be by means of S7.2.1Temperature Monitor Equipment (IC/AJ&/A tem-
quick-disconnect connectors. Required auxiliary circuits, suciperature monitor equipment shall provide for continuous par-
as the power supply, shall be located within the enclosur@lleled monitoring of up to 60 temperature sensors. Equipment
assembly in such a location as to be readily accessible from t&hall be modular, with individual modules having plug-in
front of the enclosure assembly. Required controls and indicd€atures as specified in S7.1.2. There shall be at least 3 types of
tors, associated with the power supply, shall be on the fronfnodules:
panel. Fold down or slide drawer chassis construction may be (1) Monitor and alarm,
used. Terminals and terminal boards shall be provided for (2) Readout, and
interconnection to ships power, temperature sensors, and ex-(3) Power supply module.
ternal audible alarm. These terminals shall also be located to be Each monitor and alarm module shall monitor 4 temperature
accessible from the front of the enclosure assembly. Three 2.4knsors. Equipment shall be capable of operating, as specified
m (8 ft) long cable assemblies shall be provided and stowetlerein, with each of the 60 temperature alarm set points
securely inside each equipment enclosure. With these cablgljusted for a different temperature setting. Any alarm may be
assemblies, it shall be possible to remove any one alarmctivated regardless of the state of any other alarm. For
module and the power supply, readout, alarm, and calibratiopurposes of standardization, the factory setting shall be ap-
modules to operate the equipment in a normal manner on groximately 93.3°C (200°F) for points, unless otherwise speci-
work bench away from the installed console. These cabléied in the acquisition requirements.
assemblies shall only be required to obtain access for special S7.2.2 Visual Alarm—Each monitor point shall be uniquely
testing, trouble shooting, and repair. associated with a specific remote temperature sensor and shall
S7.1.6 Manual Selective Temperature Readout Equipmenhave its own individual indicating light. When the temperature
(IC—Enclosure assembly shall contain the temperature inat the point being monitored reaches a predetermined tempera-
dicating meter, selector switch for selecting the desired temture setting (alarm point), the indicator light shall be energized
perature sensor to be read, all required, associated functionahd remain energized until manually reset.
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S7.2.3 Audible Alarm—O©ne relay or electronic switch hav-  S7.2.9 Cold Junction Compensationceld junction com-
ing 5 A minimum rating DPDT operation shall be provided for pensation for equipment for thermocouple sensing shall be
supplying 115 V alternating current (ac) power for actuating arself-contained, automatic, and shall be referenced to 0°C
external audible alarm simultaneously with activating the(32°F).
visual alarm. The alarm relay switch shall be wired to the panel S7.2.10Lead Length CompensatiorEguipment for resis-
terminal boards in the cable entrance stuffing box. The audibléance temperature sensing shall provide an input terminal for 3
alarm shall be activated when any one or more of thewire sensor configuration. A means shall be provided to
temperatures being monitored reaches the predetermin@®mpensate for the resistance of interconnecting wiring be-
(alarm) setting. Each channel shall provide a manual switch fofwveen sensor and monitor equipment. This compensating
cutting out the audible alarm for its own monitoring point. This Provision and associated sensor input terminal configuration
cut-out shall not prevent any of the other channels fronshall be arranged that it can be easily by-passed (removable
sounding the audible alarm should the temperature at any othimper, alternate terminals, or similar means) for use with 2
monitored point reach the predetermined (alarm) setting. AVI'® resistance temperature elements. Equipment for thermo-

single, master cut-out switch with associated indicator lighCUP!e sensing shall provide for thermocouple lead length
shall be provided, which will disable the sounding of thecorr.1pensat|on. Accuracy, calibration, an_d response time shall
external audible alarm for the entire system be independent of thermocouple extension lead length.

. - _ S7.2.11Size and Weightiadividual modules (alarm or
. 87'2'.4 In_d_epender_n Action+he momtorlng and alarm ac readout) shall not exceed 15.24 cm (6 in.) in height, 7.62 cm (3
tion of individual points shall be independent of each other.

Action of indicating an alarm condition at one or more mon'torin') in width, and 30.48 cm (12 in.) in depth. Total weight per
: indicating i Or hodule shall not exceed 5.44 kg (12 Ib). The equipment

points shall not_prevent the SVSteT“ (equ_ipment) from indicating?slssembly, containing the required number of alarm modules,
an alarm condition at other monitor points. the readout module, and power supply module shall not exceed
S7.2.5 Temperature ReadoutFhe temperature readout de- 50.8 cm (20 in.) in width, and 35.6 cm (14 in.) in depth. The
vice and channel selector switch shall be provided in a readoyfeight and weight, determined by the number of temperatures
module. The selector switch shall be depressed to turn so th@iie equipment is designed to monitor, shall be as specified in
momentary contact is not made with intermediate channelshe acquisition requirements. The equipment assembly, con-
The continuous, automatic monitor and alarm capability of thetaining the required number of alarm modules to monitor 60
system shall not be affected by the selection of a temperatutemperatures, shall not exceed 129.6 cm (51 in.) in height.
sensor for reading. When a channel temperature reading ®otal weight shall not exceed 90.7 kg (200 Ib). For a 40 point
being taken, the alarm feature of all points including the onemonitor system, the equipment assembly shall not exceed
being measured shall be maintained. The operation of th€1.44 cm (36 in.) in height, and weight shall not exceed 68 kg
readout module shall not depend on balancing motors(150 Ib).
slidewires, potentiometers, or similar devices. The use of S7.2.12Selective Temperature Readout Equipment (IC/1)—
potentiometers shall be limited to test, adjustment, and caliEquipment shall provide for the manual selection of any one of
bration purposes only. several remotely located temperature sensors and converting
S7.2.6 Test Feature-A test switch shall be provided for the signal output of the selected sensor to the signal required
each monitor and alarm module for testing alarm lights and0" display on a read-out device, calibrated in °C (°F). The
continuity of each temperature sensor and alarm circuits of th4iP€ration of the readout equipment shall not depend on

module. When the switch is operated to the “test’ position, thé);;\lancing motors, slide-wires, potentiometers, or similar de-

channel alarm light shall indicate an alarm condition. Failure of/IC€S: US€ of potentiometers shall be limited to test, adjust-

the channel alarm light on the module to light shall indicate arggm' and calibration purposes only. The equipment shall

open circuit in the lamp, temperature sensor, or in the associ- |I|tqte ca_h_bratlon W'th.OUt d|sass_embly or changes. to the
electrical wiring connections. Test jacks shall be provided to

ated alarm circuit. This test operation shall not change th%ermitdirect connection to test and calibration instruments. An
normal stat('a of the alarm relays or external relays. ) inherent “fail safe” feature shall be incorporated which will

S7.2.7Fail Safe Design—Fhe IC/A temperature monitor resylt in an off-scale (high or low) reading to signal a failure in
equipment shall have an inherent “fail safe” feature. An operhe manual selector, associated readout circuits, or an open or
circuit in the external temperature sensor or its connectinghort in the external temperature sensor.

cabling shall result in an alarm condition. S7.2.12.1Size and WeightSelective temperature readout
S7.2.8 Calibration and Setting of Alarm PointBesign of  equipment assembly shall not exceed 30.48 cm (12 in.) in
the IC/A temperature monitor equipment shall be such as tevidth, 30.48 cm (12 in.) in height, and 35.6 cm (14 in.) in
facilitate calibration and adjustment of the individual alarm setdepth. The total weight shall not exceed 18.14 kg (40 Ib).
points. Self calibration capability shall be an inherent design s7.2.13Continuous Scanning Monitoring, Indicating, and
feature. Test jacks shall be provided to facilitate direct connecalarm Equipment (IC/S)4E/S temperature monitor equip-
tion to external instrumentation for test, calibration, and troublement shall provide for continuous scanning via micro processor
shooting. Calibration, alarm set point adjustment and access tf up to 60 temperature sensors. Equipment shall be modular,
the test jacks shall not require disassembly or changes to theith individual modules having plug-in features. The equip-
electrical wiring connections. ment shall scan at a rate which will allow all channels to be
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scannedn 5 s orless. Alarm set points and temperature inputspan. The error band of the alarm level setting shall be one-half
characteristics shall be able to be re-programmed from ththe error band of the temperature readout on any full scale
front panel. The equipment shall be capable of annunciatingange.

alarms regardless of number (up to 60) and regardless of S8.1.2 Accuracy of ReadoutFhe readout error of the
previous alarm history. equipment shall not exceetl2 % of the readout range for any

S7.2.14Number of Readout Points (IC/A, IC/I and IC/S)— readout range setting. The temperature indicated on the readout
The number of remote resistance temperature sensors device shall be within=2 % of the temperature equivalent to
remote thermocouple temperature sensors monitored by thiee simulated temperature sensor output in ohms or millivolts,
equipment shall be specified in the acquisition requirements.as applicable.

S7.3 Parts RequirementsElectrical parts, mechanical  S8.2 Ambient Temperature ErrorFhe change in tempera-
parts, processes, and material shall be selected and appliedttwe reading (temperature error) of the equipment due to any
meet the requirements herein. changing ambient temperature from 4.5 to 65°C (40 to 149°F)

S7.3.1 Batteries—Batteries shall not be used. shall not exceed 0.18 (0.1) % of full scale per °C (°F) change

S7.3.2 Electrical Indicating Meters-Electrical indicating in ambient temperature.
meters shall be high-impact shock resistant, watertight, or S8.3 Response Time:
hermetically sealed types, in accordance with one of the S8.3.1 Alarm Circuits (IC/A and IC/1)-Fhe alarm shall be

following: actuated within 0.1 s when a step signal change of 1.5 % of full
(1) 11.43 cm (4¥2in.) 250° nominal scale length. scale is applied when the monitoring systems are reading 1.4 %
(2) Panel mounted, edgewise type. of full scale below the alarm setting for any alarm setting from

S7.3.3 Digital Readout—Bigital meters utilized in lieu ofan 5 to 100 % of full scale.
electrical indicating meter (analog type readout) shall have a S8.3.2 Alarm Circuits (IC/S)—Fhe alarm shall be actuated
minimum of 4 digits. The meters shall be high-impact shockon the first scan cycle after the alarm condition appears at the
resistant, and watertight, or hermetically sealed. input of the equipment. Alarms shall be programmable to
S7.3.4Fuses—Fuses shall be selected so that the overloadctuate either above a set condition or below a set condition.
blowing characteristics and short circuit interrupting capacity S8.3.3 Temperature Readoutequipment shall display the
matches the overload protection requirements of the equipmesteady state temperature readind.0 % in less tha 3 s when
and wiring being protected and the short circuit capacity of thea step signal equivalent to 80 % (from 10 to 90 %) of full
supply circuit. temperature span is applied to the temperature sensor input
S7.3.5Fuse Mounting-Fuses shall be mounted in panel terminals of the temperature monitoring equipment console.
mounted, indicating type fuse-holders. Fuse-holders FHL10 in S8.3.4 Compensation for RTEEgquipment shall provide
accordance with MIL-PRF-19207/1 or FHL11 in accordancefor 3 wire temperature sensor inputs. Means shall be provided
with MIL-PRF-19207/2 are preferred types. to compensate for the resistance of interconnecting wiring
S7.3.6 Terminal Boards and MountingFerminal boards between temperature sensor and the indicator equipment.
shall be stud type and shall be secured only by bolts (machin@ompensating provision and associated sensor input terminal
screws) and shall be capable of ready removal and replaceonfiguration shall be so arranged that it can be easily bypassed
ment. They shall be accessible from the front of the enclosuréemovable jumper, alternate terminals, or similar means) for
with the front cover plate removed or access door open. use with 2 wire uncompensated resistance temperature sensors.
S7.3.7 Switches-Switches shall be selected so that rated S8.3.5Compensation for TCEGeld junction compensa-
currents and voltages (make, break, carry) are not exceededtion shall be self-contained, automatic, and shall be reference
the intended application, as well as for their ability to withstandto 0°C (32°F).
the shipboard environments. Rotary switches are preferred for S8.4 Operation:
power circuit interruption. Readout channel selector switch S8.4.1 Temperature Monitor Equipmenthen the equip-
shall be a “push to turn” type so that momentary contact is noment is operated under nominal conditions simulating ship-
made with intermediate channels while turning the switch. board service (see S11.3), equipment operation shall comply
with the following:
S8. Performance Requirements (1) Individual visual alarm indicators light when associated

S8.1 Calibration and Accuracy-Femperature monitoring test switch is operated (applicable to IC/A and IC/S equip-
equipment, selective temperature readout equipment, and cofent).
tinuous scanning temperature monitoring equipment shall (2) Test, reset, and audible alarm cut out switches operate as
comply with the calibration and accuracy requirements specitequired.
fied below. Equipment performance requirements specified (3) Indicator reads required temperature when test and
herein are specified on the basis of simulating the signal outpwielect (or indicate as applicable) switches are operated. Read-
of the appropriate temperature sensors and applying this signatit accuracy shall be in accordance with S8.1.2.
to the input terminals (temperature sensor terminal points) of (4) Alarm indication activated with temperature sensor
the equipment. terminals open or short circuited, except instruments for
S8.1.1 Accuracy of Alarm Set PointFemperature monitor- thermocouple sensors need not detect a short.
ing equipment (IC/A, IC/I, and IC/S) shall permit the setting of S8.4.2 Selective Temperature Readout EquipméMhen
the alarm point at any value over the designated temperatutbe equipment is operated under nominal conditions simulating
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shipboard service (see S11.3), equipment operation shall cor$9. Workmanship, Finish, and Appearance

ply with the following: S9.1 Cleaning and Surface FinishesSurfaces of castings,
(1) Accuracy of readout (see S8.1.2). forgings, molded parts, stampings, machined and welded parts
(2) Selector switch operates in accordance with S84.1  shall be free of defects such as cracks, porosity, undercuts,
(3) Indicator scale is driven to either extreme low or high voids and gaps as well as sand, dirt, fins, sharp edges, scale,
with temperature sensor terminals open or short circuited. flux, and other harmful or extraneous materials. External
S8.4.3 Power Supply Requirement&guipment shall oper- surfaces shall be smooth and edges shall be either rounded or
ate norma”y from type | power as deﬁned in M|L_STD_1399, beVeled. Ther(? Shalll be no burn'through. There Sha.” be. no
Section 300. Nominal power input voltage and frequency shalvarpage or dimensional change due to heat from welding
be 115V, 60 Hertz (Hz), single phase. Power line transients an@Peration. There shall be no damage to adjacent parts resulting
spikes with magnitudes, duration, repetition rates, and decafjom welding.
characteristics as specified in MIL-STD-1399, Section 300
shall not cause equipment damage or affect equipment oper&l0. Number of Tests and Retests
tion. The maximum difference in indicator reading and alarm S10.1 The number of tests and retests, if any, shall be
setting level at any voltage and frequency condition andspecified in the acquisition requirements.
nominal (115 V, 60 Hz) with the same input, shall not exceed
¥ of 1 % of full scale on all ranges. S11. Test Methods

S8.5 Warm-up Time—Fransducer output shall attain a value  511.1 Calibration and Accuracy-Monitor and readout

within +1 % of the steady-state output with no overshoot inequipment calibration and accuracy measurements shall be
excess of 1 %. Output shall reach this band in 30 min or lesgccomplished by simulating temperature sensor signal output

and shall remain in this band (see S11.4). over the designated temperature span. Simulated signal for
S$8.6 Inclination—Maximum deviation of indication result- equipment using the resistance sensing technique shall be

ing from inclination shall not exceed 1.0 % (see S11.5). resistance values as specified in Appendix B and shall be
S8.7 Enclosure—Fhere shall be no evidence of water leak- simulated by a resistance decade (or similar device) having an

age into the equipment enclosure (see S11.6). accuracy of+0.055 ). The simulated signal for equipment

S$8.8 Insulation ResistanceFhe insulation resistance shall using the thermocouple sensing technique shall be millivolts
be not less than 10 megohms between power input lines ar{@V) as specified in ANSI C96.1 and shall be simulated by a
ground (hull). stable direct current (dc) voltage source having an accuracy of

$8.9 Shock—Fhe temperature monitoring equipment shall +0.025 mV. . _
show no evidence of mechanical or electrical damage or S11.1.1Accuracy of Alarm Set PointAlarm set points
loosening of parts, when exposed to shock in accordance withall be calibrated and adjusted in accordance with the instruc-
MIL-S-901. tions contained in the technical manual furnished with the

$8.9.1 Temperature Monitor and Readout Equipment (IC/A,duipment. The accuracy of the alarm set point shall be
IC/l, and IC/S)—Operating controls shall not change statusChecked at 5 different temperatures approximately equally

during shock. There shall be no transfer of switch or relays_p"’lced over the temperature span for each alarm channel. A

contacts or change in selector switch position during shockS!gnal simulating the temperature sensor output shall then be

After shock, without any adjustments, the equipment shalpPPlied to the equipment input terminals. The accuracy of the
meet the following requirements: alarm set point shall be checked with both increasing and

(1) Alarm set point accuracy as specified in S8.1.1 (asdecreasing s.ignals.. The signg] required to actuate the alarm
applicable). shall be within the limits specified in S8.1.1.
. . . S11.1.2 Accuracy of ReadoutFhe accuracy of the readout

(2) Indicator accuracy in accordance with S8.1.2. portion of equipment types shall be determined at approxi-

(3) Operation shall be in accordance with S8.4. mately equally spaced intervals over each readout temperature

S$8.10 Vibration—Temperature indicating and monitoring span. The reading, at each simulated temperature input, shall
equipment shall operate in accordance with the requirementse as specified in S8.1.2.
herein when exposed to type | environmental vibration of S11.1.3Lead Resistance Compensatiofier equipment
MIL-STD-167-1. Equipment range and accuracy requirementshich operates with RTE sensors, one of the measurements
shall be demonstrated during and after completion of vibrationspecified in S11.1.1 and S11.1.2 shall be repeated by inserting
Equipment shall show no evidence of mechanical or electricah resistance in series with each lead of the resistor simulating
damage or loosening of parts. Operating controls and relayhe RTE to simulate lead resistance. The resistance in each lead

shall not change status during vibration. There shall be nghall be any value between 20 and@0but the resistance for
momentary or permanent transfer of switch or relay contacts osach lead shall be equal to each other within Q.1

change in selector switch position during vibration. S11.2 Response Time:

S$8.11 Temperature-Equipment shall operate in accordance S11.2.1Alarm Circuits—Compliance with S8.3.1 shall be
with S8.4 when exposed to ambient temperature conditiondemonstrated by testing at 10, 20, 50, 90, and 100 % of the full
from 0 to 65°C (32 to 149°F). The equipment shall not bealarm setting range.
damaged in a non-operating condition when exposed to ambi- S11.2.2 Temperature ReadoutA-step input signal, equal to
ent temperatures of -40 to 70°C (-40 to 158°F). 80 % of the temperature span (from 10 to 90 % of the span) for
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each temperature range setting shall be applied to the tempera-{1) Alarm set point accuracy (see S11.1.1),

ture sensor input terminals. Indicator reading shall be as (2) Readout accuracy (see S11.1.2),

specified in S8.3.3. (3) Operation at nominal voltage and frequency (see S11.3),
S11.3 Operation (Monitor and Readout Equipment)— and

Equipment shall be energized with nominal voltage and fre- (4) Examination for evidence of mechanical damage or

guency (115 V, 60 Hz) and allowed to stabilize for at least 30loosening of parts.

min. Input signals, simulating temperature sensor outputs S11.9 Vibration—Equipment and sensor assemblies shall be

equivalent to approximately mid-range of the temperaturdested in accordance with type | vibration of MIL-STD-167-1.

span, shall be connected to all equipment input terminald=nergization, input signals, observations during test and ex-

Equipment controls shall then be actuated in turn to verifyaminations after vibration shall be as specified in S11.8 for the

compliance with S8.4.1 and S8.4.2. Indicator readings shall behock test. IC/A system shall have the alarm point set within

noted and recorded. The supply voltage and frequency shafl% of full scale of the incoming temperature level. The

then be adjusted to the lower limit of permissible variation (sedemperature level shall be at 90 % of full scale. If an alarm

S8.4). Equipment shall be stabilized at this input power for apccurs during vibration, any vibration test is a failure and

least 15 min and indicator reading shall be noted and recordedorrective action is required. Frequency variation tests of

Supply voltage and frequency shall then be adjusted to th#IL-STD-167-1 are required with the same settings. It shall be

higher limit, stabilized for at least 15 min, and the indicatordemonstrated that vibration from 1 to 50 Hz in accordance with

reading noted and recorded. Temperature sensor inputs duribglL-STD-167-1 shall not cause alarm.

these tests shall remain constant. The change in indicator S11.10 Temperature:

reading, due to variations in input power shall be within the S11.10.1O0perating—he equipment shall be subjected to

limits specified in S8.4. the following temperature cycles:
S11.4 Warm-up Time-Fest shall be conducted to determine  Period (h) Temperature (+3°C) Environment
the elapsed time between the application or line power to the 6 0°C (32°F) Chamber
. K . L. . 65°C (149°F) Chamber
equipment and the point at which the indication reaches the 6 25°C (77°F) Stable room or chamber

conditions specified in S8.5. . .
S11.4.1 The transducer shall be placed in an ambien[t Cycle periods shall be measured from the time the tempera-

temperature of 25- 2°C (77 = 3.6°F) for not less than 2 h ure is stabilized. All tests _W|th|n a 6-h period shall be
. . . o . continuous. Performance during and after the tests shall con-
de-energized. Recording equipment and other auxiliary equi

: orm to S8.11.
ment shall be energized to assure complete warm-up.%« . :
simulated signal equal to 8& 5% of indication shall be S11.10.2Non-operating—+he equipment shall be held at

applied and maintained constant during this test. Performan%ﬁ% r?;;rqgetgfct)eiemgiittugﬁaellxér(?rwcfr%f(t)(; gSpi'Od of 24 h.
shall conform to S8.5. S
S11.5Inclination—The equipment shall be inclined for a g4,
period of at least 1 min in each of the following positions:
(1) 45° forward
(2) 45° backward

Inspection

S12.1 Classification of InspectionsFhe inspection require-
ments specified herein are classified as follows:
o (a) Qualification testing, and

) 450 to the I?ﬁ (b) Quality conformance testing.

(4) 45° to the right S12.2 Qualification—Qualification tests shall be conducted

In each position a reference measurement (see S11.1) shafl 5 |ahoratory satisfactory to the purchaser. Qualification tests
be made. Performance shall conform to S8.6. shall consist of the general examination and the tests specified

S11.6 Enclosure—Fhe enclosure shall be subjected to ajn Table S1 and shall be conducted on equipment produced
solid stream of water from a 2.54 cm (1 in.) nozzle at 246 L (65ith techniques and procedures normally used in production.
gal) per minute at a distance from the equipment of approxi- 512.2.1 Qualification Sample—Monitor and Readout

mately 3.05 m (10 ft). The water stream shall be directed at alEquipment-©One sample of each type and temperature sensing
surfaces of the enclosed equipment and its mounting surface

for a minimum of 5 min. Performance shall conform to S8.7.

S11.7 Insulation Resistancetasulation resistance shall be TABLE S1 Qualification Testing (Monitor and Selective
determined with a test potential of 50 Vdc applied for a Temperature Readout Equipment)
minimum of 60 s. Examination and Test Requirement Test
S11.8 Shock—Equipment and sensor assemblies shall be geln;ral exam(ijnation < 312-5
: : iNhLi s alibration and accuracy 8.1 111
Fested in accordance with the high-impact shqck test specified Response time o83 o1l 2
in MIL-S-901 for grade A, class I, type C equipment. Operation (Monitor and Readout Equipment) s8.4 S11.3
S11.8.1Monitor and Readout EquipmentFhe equipment }’Valfm'tl,lp time 22-2 gﬁg
. . . . nclination . .
shall be energized during the test with nominal voltage and gos.e 387 S11.6
frequency (115 V, 60 Hz) and sensor input signals shall be insulation resistance s8.8 S11.7
80 % of span. During the test, all operating controls shall be Shock S8.9 S11.8
b d for change in status. After the shock test, equipment .>2to" o810 o
observe 9 - » €quIp Temperature S8.11 S11.10

shall be subjected to the following examinations and tests:
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technique with the maximum number of channels for which TABLE S3 Quality Conformance Testing
qualification is sought shall be submitted for examination and Examination and Test Requirement Test
test. General examination S12.5

S12.2.1.1Extent of Qualification-Qualification of an Calibration and accuracy S8.1 Si1.1
equipment type will also be extended to equipment of the same g;z:ﬁg’r‘] resistance oo o
design, type, and sensing technique, with lesser number of  Rresponse time S8.3 S11.2
channels.

S12.2.2Test Routine-Equipment submitted for qualifica-
tion testing shall be subjected to the tests shown in Table S1 in (1) The ambient temperature shall be 25 3°C (77 =
the order listed. Failure of an equipment to comply with any of5 4°F) and the relative humidity shall be between 25 and
the requirements listed shall cause refusal to grant qualificasg o4,
tion. (2) The supply voltage shall be 115 V nominal.

S12.2.3 DiSpOSition of Qualification Samp|e§amp|es (3) The Supp|y frequency shall be 60 Hz nominal.
subjected to qualification testing shall be considered consumed 5125 General Examination-Fhe temperature monitoring
and non-deliverable as part of the contract. Final disposition ogquipment shall be given a thorough examination to determine
qualification samples shall be specified in the acquisitionhat it conforms to this specification and the approved drawings
requirements. _ ~with respect to material, finish, construction, assembly, dimen-

S12.3 Quality Conformance TestingFhe sample equip- sjons, workmanship, marking, identification, and information
ment or sensor assemblies selected shall be subjected to thRtes. This examination shall be limited to those examinations
examinations and tests listed in Table S3. Examinations anghat may be performed without disassembling the unit in such
tests shall be performed in the order listed. a manner that its performance, durability and appearance

S12.3.1Lot—Equipment of the same type presented forwould be affected. This examination shall include a mechanical

quality conformance inspection at one time shall be consideregheck of all operating controls and adjustments, as applicable.
a “lot.” The lot may include the entire contract quantity, or it

may be the production of any convenient time period. Eact813. Certification
equipment shall be subjected to general examination and 513.1 When specified in the purchase order or contract, the
accuracy test. purchaser shall be furnished certification that samples repre-
$12.3.2Sampling-A sample of equipment shall be selected senting each lot have been either tested or inspected as directed
from each lot in accordance with Table S2 and subjected to th@, this specification and the requirements have been met. When
examinations and tests specified in Table S3. If the number Qfpecified in the purchase order or contract, a report of the test
nonconforming equipment in any sample exceeds the accepesult shall be furnished. It is recommended that all test data
tance number for that sample, the lot represented by the samplgmain on file for three years at the manufacturer’s facility for

shall be rejected. review by purchaser upon request.
S12.4 Test Conditions-Except for those tests where the

following factors are the variables, tests shall be conducte®14. Product Marking
with the equipment operating under the following conditions:  514.1 Product marking requirements shall be specified in

the acquisition requirements.
TABLE S2 Sampling for Quality Conformance Testing

o Sample Nonconformance S15. Packaging and Package Marking
Quantity Quantity Quantity S15.1 Packaging and package marking shall be in accor-
7 and under Al dance with Section 15.
81to 15 7 1
L0 . : S16. Quality Assurance Provisions
;(1) ltot 3220 gg ; S$16.1 Warranty—Special warranty requirements shall be
=01 and over S 3 specified in the acquisition requirements. Otherwise, the stan-

dard commercial warranty applies.

10
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SIGNAL CONDITIONER AND POWER SUPPLY (ELECTRICAL) (NAVAL SHIPBOARD USE)

The following supplementary requirements established for U.S. Naval shipboard application shall apply when specified in the contract or
purchase order. When there is conflict between the standard (ASTM F 2362) and this supplement’s appendix, the requirements of this
supplement’s appendix shall take precedence for equipment acquired by this supplement’s appendix. This document supercedes MIL-T-

24387, Temperature Measurement Equipment Signal Conditioner and Power Supply (Electrical) for new ship construction.

S17. Scope S20. Classification

S17.1 This specification covers the requirements for signal Temperature monitoring equipment shall consist of a series
conditioners and electrical power supplies used in conjunctio@f designations which shall be assigned and listed in the format
with thermocouples and resistance temperature element asselglow.
blies for naval ships. It does not include the design of the Example: ASTM F2362S17-TRE-4H-YES
sensing elements and wells or the requirements for the readoutspecificaton ~ Type Input Range  Alarm and Repeater Circuits
or dlsplay F2362S17 TRE 4H YES

. i . . . . S20.1 S20.2

S17.2 This specification defines equipment intended to pro-

vide control input and monitoring of temperatures for ship- S20.1 Type—Temperature measurement equipment shall be
board engineering plants. designated by the three letter symbols as follows:

S17.3 The U.S. Government preferred system of measure- $$EE—_'I_I'emperature _II_?hesistance Ilquéipment, pIatinumK
ment is the metric SI system. However, since this item was —Temperature Thermocouple Equipment, type

- ; P : . S20.2 Input Range-Fhe temperature range in degrees Fahr-
originally designed using inch-pound units of measurement, in ) . ) .
gina’y g g P enheit (°F) shall be designated by its numerical value (see

the event of conflict between the metric and inch-pound units
the inch-pound units shall take precedence. 5$20.2.1.1 and S20.2.2.1).

S20.2.1 Temperature Resistance (Type TRE) Input:
S20.2.1.1Ranges-Equipment temperature range shall be

S18. Referenced Documents as specified in the acquisition requirements. Ranges shall be in

S18.1 Commercial Documents: accordance with the following:

ANSI/ASQC Q9001-1994 Quality Systems—Model for Range Designation
Quality Assurance in Design, Development, Production, Instal- -40 to 127°C (-40° to 260°F) 26

; ; ; ; -18 to 205°C (0° to 400°F) 4H
lation, Inspection, Testing and Servicig 18 10 538°C (0° to 1000°F) K

S18.2 Government Documents:

S18.2.1 Military Standard:

MIL-STD-167-1 Mechanical Vibrations of Shipboard
Equipment (Type |I—Environmental and Type ll—Internally m

Excited) - o wire configuration. A means shall be provided to compensate
S18.2.2Military Specifications: _ for the factors which introduce error such as self heating and
MIL-S-901 Shock Tests, H.l. (High-Impact); Shipboard the resistance of interconnecting wiring between the sensor and

S20.2.1.2Excitation Current—Fhe maximum current
through the resistance temperature element shall be 6 ma, dc.
S20.2.1.3Lead Wire Resistance Compensatiorhe equip-
ent input for resistance sensing technique shall be of three-

Machinery, Equipment and Systems, Requirements for signal conditioner.
MIL-J-24142 Junction Boxes for Electrical Fittings and S20.2.2 Temperature Thermocouple (Type TCE) Input:
Fixtures, General Specification for S20.2.2.1Ranges-Equipment temperature range shall be

MIL-J-24142/3 Junction Box, Submersible, Size 6 by 9  as specified in the acquisition requirements. Ranges shall be in
accordance with the following:

S19. Terminology Range Designation
o -40 to 93°C (-40° to 200°F) 2H
S19.1 Definitions: -18 to 205°C (0° to 400°F) 4H
i -18 to 538°C (0° to 1000°F) 1K
Sl&l.lthermocoupleshall be as Fjeflned by S-34. 205 10 649°C (400° 10 1200°F) o
S19.1.2resistance shall be as defined by Section S34. 260 to 816°C (500° to 1500°F) 15H

S19.1.3deadbandthe range through which the measurand 520 2 2 2cold Junction CompensationGeld junction
can be verified without a change in output. compensation for thermocouple sensing technique shall be
S19.1.4static error band the maximum deviation from a automatic and shall be referenced to 0°C (32°F).
straight line drawn through the coordinates of the lower span
limit at specified output, and the upper span limit at specified21. Ordering Information
output expressed in percent of span. S21.1 The purchaser shall provide the manufacturer with all
of the pertinent application data shown in accordance with
S21.2. If special application operating conditions exist that are

not shown in the acquisition requirements, they shall also be
5 Available from American National Standards Institute (ANSI), 25 W. 43rd St., described
4th Floor, New York, NY 10036. ) . . L
8 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4, SZl.ZACQUISItIOﬂ ReqU|rementsAeqU|S|t|on documents

Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098. should specify the following:

11



A F 2362 - 03

ul

(1) Title, number and date of this specification, S23.6 Fail Safe Output— the input of the signal condi-

(2) Classification required, tioner is open circuited, the output shall drive upscale or

(3) Quantity of units required, downscale, the choice of which shall be made by means of a

(4) Type of enclosure mounting, link.

(5) Power requirements, S23.7 Isolation—nput and output circuits shall be isolated

(6) Equipment temperature ranges, from each other and from ground.

(7) Disposition of qualification test samples, S23.8 Enclosure—Femperature measurement equipment

(8) Product marking requirements, and shall be mounted in a junction box. The junction box may be

(9) Unique preservation, packaging, and marking requirein accordance with MIL-J-24142 and MIL-J-24142/3. At a
ments. minimum, the size, mounting, and cable interface shall be per

) MIL-J-24142 and MIL-J-24142/3. All adjustments and test

S22. Materials and Manufacture points shall be accessible when the cover is removed. Tem-
S22.1 Except where specifications are referenced, materiaferature measurement equipment shall be designed for bulk-

shall be in accordance with commercial specifications havingiead or bracket mounting.

material compositions suitable for service in the shipboard $23.9 Weight—The weight of the complete equipment shall

marine environment. be kept to a minimum commensurate with good engineering

. . design.

S23. PhyS|caI.Pr_opert|es ) N o S23.10 Power Supply Requirementdhe equipment shall

_ S23.1Description—he equipment specified herein in con- pe designed to operate with line variations as specified in $27.9

junction with the thermocouples or resistance temperaturgng S27.12. Nominal steady state power supply requirements

glements specified in Appendix B comprise a temperaturgnhg|| be 115+ 10 % V at 60+ 5 % hertz (Hz), single phase,

instrument. The temperature measurement equipment gengfnless otherwise specified in the acquisition requirements.

ally consists of the following units: S23.11Cable Entrance and ConnectiorGable entrance

(1) Signal ConditionerFhe signal conditioner shall con- ghg|| pe by means of stufing tubes located on the bottom
vert the sensing element output to a continuous linear analog,rface of the enclosure.

signal directly proportional to temperature. _ _ S23.12 Operation—The operation of the equipment shall
_ (2) Power Supply-Fhe power supply shall provide excita- not depend on balancing motor, slide wires, or similar devices.
tion energy to the signal conditioner and sensor. The system shall be completely static. The use of potentiom-

(3) Test Device-A test device shall be furnished to provide giers are for test and adjustment purposes only.

a calibrated test signal used for calibrating the equipment. $23.13 Resistors-Composition type fixed or variable resis-
The various assemblies of temperature measurement equigs,.s shall not be used.

ment shall be built integrally together and housed in the same $23.14 Batteries—Batteries shall not be used.

enclosure. . . .
. . . S23.15Modular AssembliesModular units or assemblies
$23.2 Qutput—The electrical signal output of the equipment shall be fastened in such a manner to allow for quick and easy

shall be dc, directly proportional to temperature input. The

tout shall be 4 to 20 deint : | resist f55E)emoval for maintenance accessibility or replacement.
3” f(l)chan €410 20 ma, dc into an external resistance o S23.16 Terminal Boards—Fhe interface with shipboard wir-

$23.3 Calibration Means-A means shall be provided to ing shall be by means of terminal boards. These terminals shall

) . . : lge accessible with the coverplate removed.

monitor equipment output corresponding to temperature inpu
to permit in place cal|b_rat|0n by one man. Each temperatur%24. Performance Requirements
instrument shall contain a test switch and a temperature ) .
detector simulator capable of supplying a test signal into the Performance tolerances are expressed in percent of equip-
instrument circuitry. This test device shall have a calibratedne€nt span unless stated otherwise.
dial and shall replace the detector when the instrument is in the S24.1 Service Life-Equipment shall be designed for a
test mode. The signal from this simulator shall be of sufficientminimum service life of 40000 h in a shipboard marine
accuracy to determine static error band (see S24.2) angnvironment.
repeatability (see S24.3). Test jacks shall be provided to S24.2 Static Error Band—Fhe static error band shall not
monitor the equipment output and detector output. Placing théxceed plus or mirail % (see S27.2).
instrument in the test mode shall allow remote monitoring of S24.3 Repeatability-Repeatability of the output shall not
the detector. Calibration shall be effected without the necessitgxceed 0.3 % (see S27.2).
of electrical disconnection. S24.4 Threshold and DeadbandFhe maximum least de-

S23.4 Equipment RangeEquipment range shall be deter- tectable increment plus deadband shall not exceed 0.2 % (see
mined by means of an interchangeable assembly or intern&27.4).
adjustments. S24.5 Ripple—Equipment output ripple shall not exceed

$23.5 Adjustments-Famper-proof adjustments for zero and 0.15 % of full scale output (see S27.5).
span shall be provided for calibration purposes. The number of S24.6 Warm-up Time-Fhe equipment output shall attain a
adjustments shall be kept to a minimum, consistent with thezalue within plus or mina 1 % of thesteady state output with
operation and maintenance of the equipment and the eliminaro overshoot in excess of 1 %. Output shall reach this band in
tion for the selective matching of parts. 30 min or less and shall remain in this band (see S27.6).

12
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S24.7 Inclination—Maximum deviation of equipment out- quirements of this specification with respect to material, color,
put resulting from inclination shall not exceed 1.0 % (seefinish, workmanship, safety, construction, assembly, dimen-

S27.7). sions, weight, and marking of identification plates. Examina-
S24.8 Input ResistanceFhe equipment output shall remain tion shall be limited to the examinations that may be performed
within the static error band (see S24.2 and S27.8). without disassembling the unit in such a manner that its

S24.9 Supply Voltage and Frequency (Steady State)—performance, durability, or appearance would be affected.
Maximum difference between outputs at any voltage and S27.2 Static Error Band and RepeatabilityRrior to the
frequency condition and the normal (115 V, 60 Hz) at the sam@tart of this test, the test sample and associated test equipment

input shall not exceed 1.0 % (see S27.9). shall be energized for a period of 2 h. The test sample shall first
S24.10Response TimeFhe 95 % response time shall be be cycled over its full temperature range by slowly increasing
0.5 s or less (see S27.10). and decreasing the input for six continuous cycles. The
S24.11 Supply Voltage and Frequency (Transients): calibration measurements shall be made at a minimum of 5

S24.11.1Voltage—When the equipment is exposed to the equally spaced intervals over the entire range (both upscale and
limits of specified voltage transient, the equipment output shallownscale). Precaution shall be taken to avoid overshoot. This
remain within*=1 % of the steady state output (see S27.11). calibration procedure shall be applied three successive times to

S24.11.2Frequency-When the equipment is exposed to the determine repeatability. Static error band of all calibrations
limits of specified frequency transient, the equipment outpukhall meet the requirements of S24.2. Repeatability shall meet
shall remain within=1 % of the steady state output (see the requirements of S24.3.

S27.11). S27.3 Reference Measuremeng-ene trial calibration with

S24.12 Temperature-When the equipment is exposed to at |east five equally spaced intervals over the entire input range

the ambient temperature extremes, performance shall be withisoth upscale and downscale shall be conducted when specified
the static error band specified in S24.2 (see S27.12). in the individual test.

S24.13Insulation ResistanceFhe insulation resistance of  $27.4 Determination of Threshold and Deadband—

the equipment between circuits and between circuits anghreshold and deadband shall be determined with: &% of
ground shall be not less than 10 megohms (see S27.13).  the temperature span applied to the test sample. The tempera-
S24.14 Vibration—When the equipment is exposed to Vi- yre interval beyond this point required to produce a detectable
bration in accordance with MIL-STD-167-1, monitored outputchange in output and the temperature interval in the opposite
test shall show no variation from steady state output in excesgirection to return the output to the original value shall be
of 2.0 %. There shall be no visible evidence of damage to thgletermined in each direction. Threshold is the first temperature
equipment as a result of the vibration (see S27.14). interval. The second temperature interval is the sum of the
S24.15 Shock-After exposure to shock in accordance with threshold and deadband. Performance shall conform to the
MIL-S-901 but prior to any adjustment, the equipment outputrequirements of S24.4.
shall show no deviation greater than 3 %. A post shock 537 5Ripple-equipment OutputRipple shall be deter-
calibration, using adjustments provided, shall conform tomined at an input of 80+ 5 % of the temperature span.
performance requirements of S24.2. There shall be no visu@erformance shall conform to the requirements of S24.5.
evidence of damage to the equipment as a result of the shock 57 ¢ Warm-up Time-Fhis test shall be conducted to de-

(see S27.15). termine the elapsed time between the application of line power
_ . to the test sample and the point at which the equipment output
S25. Workmanship, Finish, and Appearance reaches the conditions specified in S24.6. The test sample shall
S25.1 Cleaning and Surface FinishesSurfaces of castings, be placed in an ambient temperature of22°C (77* 3.6°F)
forgings, molded parts, stampings, machined and welded parfer not less tha 2 h de-energized. Recording equipment and
shall be free of defects such as cracks, porosity, undercutsther auxiliary equipment shall be energized to assure com-
voids and gaps as well as sand, dirt, fins, sharp edges, scajglete warm-up. An input of 80t 5 % of the span is to be
flux, and other harmful or extraneous materials. Externahpplied to the test sample and maintained constant during this
surfaces shall be smooth and edges shall be either rounded tesst. Performance shall conform to S24.6.
beveled. There shall be no burn-through. There shall be no S27.7 Inclination—The equipment shall be inclined for a
warpage or dimensional change due to heat from weldingeriod of at least 1 min in each of the following positions:
operation._There shall be no damage to adjacent parts resulting(1) 45 degrees forward
from welding. (2) 45 degrees backward
(3) 45 degrees to the left
S26. Number of Tests and Retests (4) 45 degrees to the right

S26.1 The number of tests and retests, if any, shall be |n each position a reference measurement (see S27.3) shall

specified in the acquisition requirements. be made. Performance shall conform to S24.7.
S27.8 Input Resistancefor thermocouple sensing tech-
S27. Test Methods nique, a noninductive resistance of 1301 % Q shall be

S27.1 General Examination and OperatioriFhe unpow- placed in each lead to the input terminals to total a circuit
ered temperature monitoring equipment shall be given aesistance of approximately 3@0. A reference measurement
thorough examination to determine conformance to the re{see S27.3) shall be made. Performance shall conform to S24.8.
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S27.9 Supply Voltage and Frequency (Steady Staf)e- TABLE S4 Amplitudes of Vibration
equipment shall be operated at the various combinations of Frequency Range, Table Amplitude,
normal, maximum and minimum steady state voltages and (Hz) pm (in.)
frequencies outlined in S24.9. The equipment shall be operated gto 200 785 x 138 Eg-ggg = 8-886;

. . . . . . 1to5 500 = 1 . + 0.004
at least 15 min in each combination during which time a =1 10 100 250 + 50 (0.010 + 0.002)

reference measurement (see S27.3) shall be taken. Performance
shall conform to S24.9.

S27.10 Response TimeAstep input equal to 10 to 90 % of  527.15 Shock—Fhe shock test shall be conducted in accor-
full scale equipment temperature span shall be applied to thgance with MIL-S-901, grade A, class |, type C. During the test
test sample. Performance shall conform to S24.10. an input equal to 8G= 5 % of the temperature span shall be

S27.11Supply Voltage and Frequency (Transienfjre  applied to the equipment. The test sample output during the test
tests specified in S27.11.1 through S27.11.2 shall be conductatiall be monitored. Before and after this test, reference
with a temperature input signal equal to 806 % of the input measurements shall be made for comparison (see S27.3).
span. Performance shall conform to S24.11. Performance shall conform to S24.15.

S27.11.1Transient Voltage-With the equipment operating .
on the upper limit of steady voltage, a transient voltage of pIu§S28' Inspection
20 % of nominal voltage recovering to the steady state band in The testing set forth in this specification shall become a part
2 s shall be superimposed. With the equipment operating on tH¢f the manufacturer’s overall inspection system or quality
lower limit of steady state voltage, transient voltage of minusProgram. The manufacturer’s quality system shall comply with

20 % of nominal voltage recovering to the steady state band ifhe requirements of ANSI/ASQC 9001-1994, Quality
2 s shall be superimposed. Systems—Model for Quality Assurance in Design, Develop-

S27.11.2Transient FrequencyWith the equipment operat- ment, Production, Installation, and Servicing. Certification and

ing at the nominal frequency, a transient frequency of 2 HZ€distration is highly desired but not required. _
shall be applied of which not more tha cycle per second is S28.1 CIa_sgﬂcanon of Inspectm_msT—he inspection require-
outside the steady state tolerance band recovering to the stea@ts specified herein are classified as follows:

state tolerance band within 2 s. This shall be repeated with a (1) Qualification testing, and
minus 2 Hz transient frequency. (2) Quality conformance testing.

$27.12 Temperature=Fhe equipment shall be capable of S28.2 Test Conditions-Except where the following factors

! : . : are the variables, the tests shall be conducted with the
normal operation (without alignment or adjustment) other tha%quipment operating under the following conditions:

the accessible controls employed for operation of the equip- (1) Ambient temperature shall be 24 5°C (75 = 9°F)
ment) throughout the following temperature cycle; tolerances (2) Relative hum?dity shall be 66 15 % - '

in operating characteristics shall be as specified in the indi- (3) Supply voltage shall be nominal, and

vidual equipment specification. (4) Supply frequency shall be nominal.
(1) Hold room temperature at & 2°C (32 = 3.6°F) for at S28.3 Qualification Testing-Fhe qualification testing shall
least 24 h. consist of the tests specified in Table S5. The tests shall be
(2) Increase room temperature in steps of 10°C (18°F) eactperformed in the sequence shown.
at 30 min per step, until 65 2°C (149+ 3.6°F) is reached, ~ $28.3.1Sample SizeFhe number of samples subjected to
and hold at that temperature for at least 4 h. qualification tests as specified in Table S5 shall depend on the
(3) Reduce room temperature in steps of 10°C (18°F) eactgquipment design. If each range is covered by a separate and
at 30 min per step, until 2% 2°C (77= 3.6°F) is reached, and distinct design, a sample for each range will require testing.
hold at that temperature for at least 4 h. At each temperatur@nly one sample of a basically similar design series which may
plateau 0°C (32°F), 65°C(149°F) and 25°C (77°F), a reference
measurement (see S27.3) shall be made. Performance shall TABLE S5 Qualification Testing
conform to S24.12.

Examination and Test Requirement Test

S27.13Insulation ResistanceFhe insulation resistance of ~general examination 271
the equipment shall be determined by applying 50 V dc output S24.4 S27.2
between electrical input and output circuits and between theseStatic eror band and repeatability S24.2 S27.2
. . Reference measurement S24.3 S27.3
circuits and ground (See 824-13)- Threshold and deadband S24.4 S27.4
S27.14 Vibration—The equipment shall be tested in accor- Ripple S24.5 S27.5
dance with type | (environmental vibration) of MIL-STD- armup time oeae sere
yp er Inclination S24.7 S27.7

167-1 except that the upper limit of the frequency range shall input resistance S24.8 S27.8
be 100 Hz. The amplitudes of vibration shall be in accordance Supply line voltage and frequency, steady-state S24.9 S27.9
ith Table S4. If no resonances are observeel 2h endurance  Loponse ime o810 o710
wi ' ? . ; Supply line voltage and frequency, transients S24.11 S27.11
test shall be conducted at 100 Hz. During the vibration test, an Temperature $24.12 $27.12
input equal to 80+ 5 % of the temperature span shall be Insulation resistance S24.13 527.13
lied h le. Th duri h hall b Vibration S24.14 S27.14
applied to the test sample. The output during the test shall be g, 52415 59715

monitored. Performance shall conform to S24.14.
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cover many ranges need be tested if mechanical and electricaéénting each lot have been either tested or inspected as directed

similarity is deemed sufficient by the purchaser. in this specification and the requirements have been met. When
$28.4 Quality Conformance TestingAl temperature mea-  specified in the purchase order or contract, a report of the test

surement equipment offered for delivery shall be subjected t@esult shall be furnished. It is recommended that all test data

the examination and tests listed in Table S6 and shall bgemain on file for three years at the manufacturer’s facility for
conducted in the order listed. Failure of any temperaturgeview by purchaser upon request.

equipment to meet the requirements of this specification shall
be cause for rejection. S30. Product Marking
S29. Certification $30.1 Product marking requirements shall be specified in

S29.1 When specified in the purchase order or contract, théhe acquisition requirements but at a minimum, shall include:
purchaser shall be furnished certification that samples repre- (1) Manufacturer's name,

TABLE S6 Quality Conformance Testing (2) Classification, and

Examination and Test Requirement Test (3) Slgnal conditioner.
General examination --- S27.1 . .
Output S24.4 S27.2 S31. Packaging and Package Marking
Static error band and repeatability S24.2 S27.2 . . .
Ripple S24.5 S27.5 S31.1 Packaging and package marking shall be in accor-
Input rgsistance (thermocouple sensing S24.8 S27.8 dance with Section 15.

technique only)

Insulation resistance S24.13 S27.13

THERMOCOUPLE AND RESISTANCE TEMPERATURE DETECTOR ASSEMBLIES (NAVAL SHIPBOARD USE)

The following appendix to supplementary requirements established for U.S. Naval shipboard application shall apply when specified in the
contract or purchase order. When there is conflict between the standard (ASTM F 2362) and this supplement’s appendix, the requirements o
this supplement’s appendix shall take precedence for equipment acquired by this supplement’s appendix. This document supercedes MIL-T-

24388, Thermocouple and Resistance Temperature Detector Assemblies, General Specification for (Naval Shipboard), for new ship
construction.

S32. Scope A 249 Specification for Welded Austenitic Steel Boiler,

S32.1 This specification covers environmentally hardenecUPerheater, Heat Exchanger, and Condenser Tubes
resistance thermometers and thermocouple sensors that transA 269 Specification for Seamless and Welded Austenitic
form the surrounding thermal energy in a manner that can b&tainless Steel Tubing for General Service (DOD adopted)
electrically measured and converted to a temperature using aA 276 Specification for Stainless and Heat-Resisting Steel
signal conditioner/temperature monitor. Types of configuraBars and Shapes (DOD adopted)
tions covered in this specification are those which place the A 312 Specification for Seamless and Welded Austenitic
resistance thermometer or thermocouple sensor directly intStainless Steel Pipe (DOD adopted)
the medium (bare bulb), into a thermowell, or embedded into B 23 Specification for White Metal Bearing Alloys Known
a bearing. Commercially as “Babbitt Metal”

S32.2 Resistance thermometers and thermocouple sensord 117 Method of Salt Spray (Fog) Testing (DOD adopted)
are intended to convert temperature measured to an electricalB 152 Specification for Copper Sheet, Strip, Plate, and
output for input to a temperature signal conditioner. Rolled Bar (DOD adopted)

S32.3 The U.S. Government preferred system of measure- B 164 Specification for Nickel-Copper Alloy Rod, Bar, and
ment is the metric SI system. However, since this item wasyire (DOD adopted)
originally designed using inch-pound units of measurement, in B 167 Specification for Nickel-Chromium-lron Alloys
the event of conflict between the metric and inch-pound unitsgUNS N06600 and N06690) Seamless Pipe and Tube (DOD

the inch-pound units shall take precedence. adopted)
B 355 Specification for Nickel-Coated Soft or Annealed
S33. Referenced F)ocuments Copper Wire (DOD adopted)
S33.1 Commercial Documents: B 637 Specification for Precipitation-Hardening Nickel Al-
S33.1.1ASTM Standards: loy Bars, Forgings, and Forging Stock for High Temperature
Service

D 1457 Specification for Polytetrafluoroethylene PTFE

“For referenced ASTM standards, visit the ASTM website, www.astm.org, °rMoIding and Extrusion Materials (DOD adopted)
contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM

Standards/olume information, refer to the standard’s Document Summary page on & 344 Terminology Relating to Thermometry and Hydrom-
the ASTM website. etry
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S33.2 Government Documents:
S33.2.1 Military Standards:

62 -03

S35.4 Designation NumberFhe designation number used
to specify the sheath length and other applicable parameters

MIL-STD-167-1 Mechanical Vibrations of Shipboard within each type of configuration shall be denoted by one or
Equipment (Type |I—Environmental and Type ll—Internally two numerals or by one or two numerals preceded by a letter
Excited) found in one of the following:

MS 3102 Connector, Receptacle, Electric, Box Mounting, Type of Configuration Table Number

Solder Contacts, AN ™W s7
MS 3106 Connector, Plug, Electric, Straight, Solder Con- iy o

tacts, AN Type
S33.2.2 Military Specifications:
MIL-S-901 Shock Tests, HI (High-Impact); Shipboard Ma-
chinery, Equipment and Systems, Requirements for
MIL-W-5846 Wire, Electric, Chromel, and Alumel, Ther-

S36. Ordering Information

S36.1 The purchaser shall provide the manufacturer with all
of the pertinent application data shown in accordance with
S36.2. If special application operating conditions exist that are

mocouple _ atio _
MIL-A-8625 Anodic Coating, for Aluminum and Alumi- not shown in the acquisition requirements, they shall also be
num Alloys ’ described.
MIL-W-16878 Wire, Electrical, Insulated, General Specifi-  S36-2 Acquisition RequirementsAequisition documents
cation for should specify the following:

(1) Title, number, and date of this specification,
(2) Classification required,

(3) Design type,

(4) Range,

(5) Quantity required,

(6) When qualification testing is required,

(7) Disposition of qualification test samples,

(8) Product marking requirements, and

(9) Packaging requirements.

MIL-W-16878/4 Wire, Electrical, Polytetrafluoroethylene
(PTFE) Insulated, 200 'C, 600 V, Extruded Insulation

MIL-W-16878/25 Wire, Electrical, Polytetrafluoroethylene
(PTFE) Insulated, 260 'C, 600 V, Extruded Insulation

MIL-W-81381 Wire, Electric, Polyimide-Insulated, Copper
or Copper Alloy

MIL-W-81381/12 Wire, Electric, Fluorocarbon/Polyimide
Insulated, Medium Weight, Nickel Coated Copper Conductor,
600 V, 200 'C, Nominal 8.4 or 15.4 MIL WALL

S34. Terminology

S34.1 Definitions—Pefinitions and terminology shall be in
accordance with Terminology E 344.

S37. Materials and Manufacture

S37.1 Materials—Recommended materials of resistance
thermometer and thermocouple sensor components are pro-
vided in Table S7.

S35, CIaSS|f!cat|0n . S37.1.1Nonmetallic Materials-Nonmetals, when used for
S$35.1 Design Type-Resistance thermometers and thermo-geg|s, protective finishes, and so forth, shall be moisture and

cou_ple sensors shall be classified according to the followinggme resistant, shall not support fungus growth, and shall not
variables: be adversely affected by the ambient environments specified in

Example: ASTM F2362S32-KTC-TW-S7 the performance requirements of this specification.
Specification Type Configuration D%SL%:‘SS:’“ S37.1.2 Connecting Wire and End ClosuréFae connecting
F2362532 KTC ™w s7 wire and end closure shall be airtight, nonhygroscopic, fungus
(see S35.2) (see $35.3) (see S35.4) resistant, flame resistant, and able to form a chemical bond

S35.2 Type—The type of resistance thermometer or thermo-With connecting wires (thermowell configuration), electrical

couple sensor shall be designated by one of the followingOnnector receptacle pins, (bare bulb configuration), or the
three-letter symbols: connecting wire insulation (embedded configuration) and with

the sheath sufficient to meet the sealing requirements. The

Type Symbols . K .
Type K thermocouple sensor KTC connecting wire end closure shall not chemically react, de-
Resistance thermometer with nickel element NRT grade, or outgas when subjected to the following: air, distilled
Resistance thermometer with platinum element PRT

water, sea water, salt, petroleum and silicone based oils, olil

S35.3 Configuration—Fype of configuration for which the solvents, prolonged (greater than 1 month) periods of exposure
resistance thermometer or thermocouple sensor is intendéd ambient temperatures, prolonged periods of exposure to
shall be designated by one of the following two-letter symbolselevated temperatures up to 205°C (400°F), and exposure to

Type of Configuration Symbols prolonged cycling periods from ambient to elevated tempera-
Thermowell W tures. A connecting wire and enclosure consisting of a ceramic-
pare bub_ iy to-metal or a glass-to-metal seal shall also incorporate other

characteristics to make it impenetrable to fluids and shall be

considered a hermetic seal. The connecting wire end closure

shall meet all the performance requirements specified in S39,

8 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,mC|Udmg the connecting wire end closure requirement (see
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098. S42.8).
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TABLE S7 Materials

Part Configuration Material Material Specification Remarks
Babbitt topping EM Babbitt ASTM B 23, grade 2
Connecting wire resistance T™W 22 AWG, stranded nickel-plated MIL-W-16878 and
thermometer copper MIL-W-16878/25
PTFE insulated ASTM D 1457
BB 22 AWG, stranded nickel-plated ASTM B 355
copper
EM 24 AWG, stranded nickel-plated or MIL-W-81381 and
silver-plated copper MIL-W-81381/12 or
MIL-W-16878 and
MIL-W-16878/4
Connecting wire T™W 22 AWG, type K MIL-W-5846
thermocouple sensor PTFE insulated ASTM D 1457
BB 22 AWG, type K MIL-W-5846
EM 24 AWG, type K fluorocarbon/ MIL-W-81381/12 Conductors IAW MIL-W-5846
polymide insulated and no plating
Connection head cap T™W Aluminum 356751 MIL-A-8625, type 1; Clear anodized
356 T6
Connection head extension T™W 304 SST ASTM A 312
Connection head T™W Aluminum MIL-A-8625, type 1; Clear anodized
356 T6
identification plate 302 set MIL-P-15024
Gasket BB Copper ASTM B 152 Temper 0
Pins, connector BB:PRT Nickel-plated copper MS 3102R-14S-7S Receptacle
Receptacle plug MS 3106F-14S-7P Plug
BB:NRT Nickel-plated copper MS 3102-R-12S-3P Receptacle
BB:KTC (+)chromel (-)alumel MS 3106F-12S-3S Plug
Seal, ceramic to metal wire BB Glass to metal epoxy
end enclosure EM
Sheath T™W 316 SST ASTM A 249 Required for type KTC
or Inconel ASTM A 269
ASTM B 167
BB UNS NO4405 ASTM B 164
EM 99 % pure copper 1 % not restricted
Sheath, internal insulation BB, TW: Aluminum Oxide or Chemical certification 99.8 % pure, MgO 94 %
NRT,PRT,KTC Magnesium Oxide on file required for KTC
Spring, compression T™W Inconel ASTM B 637 Inconel, including grade 600
Spring stop T™W 300 Series SST ASTM A 249
ASTM A 269
ASTM A 276
ASTM B 167
Threaded fasteners T™W Corrosion-resistant steel ASTM A 276 1)
Washers T™W 316 SST ASTM A 276

S37.1.3Fungus-inert Materials-Materials which provide a (4) Easily interchangeable but damages easily if not handled
nutrient medium for fungus and insects shall not be used in thproperly. Can be matched to close tolerances for temperature
construction of any resistance thermometer or thermocouplgifference measurements, and
sensor. . _ _ _ (5) Resistance thermometers with platinum elements should

S37.1.4Restricted Materials-Gadmium or cadmium-  pe specified for new construction and new instrument installa-
plated parts shall not be used. tions. Resistance thermometers with nickel elements should be
restricted to retrofit and replacements only.

S38.1.2Thermocouple SensorsFhermocouple sensors
prrfgve the following characteristics:

S38. Physical Properties

S$38.1 Construction—Resistance thermometers and thermo-
couple sensors are shown on Figs. S1-S6. Resistance thermo
eter and thermocouple sensor construction dimensions and(1) Simple construction,
application temperatures for thermowell, bare bulb, and em- (2) Small signal output is produced which requires sensitive
bedded configurations shall be in accordance with Table S8neasuring instruments,

Table S9, and Table S10 respectively. (3) Lower cost and faster response than the resistance

S38.1.1Resistance ThermometeResistance thermom- thermometer,
eters have the following characteristics:

(1) The two resistance thermometer elements have differe%
temperature ranges (excluding the EM configuration):

Nickel: -40 to 205°C (-40 to 400°F), .

Platinum: -40 to 538°C (-40 to 1000°F), required,

(2) High accuracy, (6) Attains high accuracy but subject to changes within the

(3) Excellent stability and reproducibility but slow in re- accuracy limit with use. These changes become more pro-
sponse, nounced as the temperature increases,

(4) Type K thermocouple covers a temperature range of -40
816°C (-40 to 1500°F) (excluding EM configuration),

(5) Compensation for reference junction temperature is

17
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SEAL HEADER WITH WASHER(SEE DETAIL A) SPRING STOP

ANTI-ROTATION DEVICE 5 DIA. MAX.
3 WIRES RESISTANCE SHEATH
THERMOMETER SPRING
2 WIRES / (SEE DETAIL B) TIG WELD " TIP MUST
THERMOCOUPLE TYP BE FLAT *
i - Y
- e 17 +01 TP
0.25 1.0
MIN. = MIN. — v -
= hjllgl) - L —-—

25 1£.005 DIA. -

NOTE: ALL DIMENSIONS ARE IN INCHES ~ NOTE: SPRING SHALL PRODUCE A 5 LB
FORCE WHEN COMPRESSED 3/16”

—| ==—oAS REQUIRED 28 01 +.00

487
| .02 [——.8&.01 ———1
| | G—/
DETAIL A. WASHER DETAIL B. UNCOMPRESSED SPRING LENGTH

Note—Dimensions and tolerances are reference only to meet installation requirements.
FIG. S1 Resistance Thermometer/Thermocouple Sensor Construction

<—o—>
I+

172" - 14 NPSM . 3/4-28 UUNS-2B

r,_._ SEE NOTE 2

SEENOTE 1

A

Note—(1) Dimension to suit particular head design.
(2) Inside diameter shall be sized to allow clearance for sensor sheath, spring stop, and spring.

(3) Minimum wall thickness shall be 0.109 in..
FIG. S2 Connection Head Extension

(7) Preferable for use with thermowells having a 5.08 cm (2mum immersion depth is significantly smaller than that of a
in.) immersion depth since the thermocouple sensor's miniresistance thermometer, and
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CONNECTING TERMINAL BOARD
METAL LINK BINDING SCREW
]
[I TERMINAL BOARD
d i d MACHINE SCREW
TERMINAL BOARD i JiE B
|
NOTE 1
CONNECTION HFAD
SCREW—ON TYPE |
CONNECTION CAP

WASHER
oHE 3/4 NPT

CONDUIT
CONNECTION

CAP RETAINING
CHAIN

-

2 3/4
MAX

TERMINAL BOARD

IN
= 1/2-14 NPSMN__THREADS FOR
L} MACHINE SCREWS

B 2 3/4 MAX.———=

Note—Dimensions and tolerances are reference only to meet installation requirements.
FIG. S3 Connection Head Construction

(8) Preferable for use in the EM configuration since ex-mometer element for all configurations shall be located in a
tremely fine resistance thermometer element wire is verynanner such that the installation resistance test requirements
susceptible to electrical opens, shorts, or intermittent behavicare met.

In Service. S38.2.1.2Resistance Thermometer CurrerResistance

S38.2New Construction-Resistance thermometers with thermometers shall withstand a continuous operating current of
platinum elements should be specified for new constructio® milliamperes (mA) direct current (dc).
and new instrument installations with the following exceptions:  538.2.1.3Temperature versus ResistandRetationships

(1) Thermowells have a 5.08 cm (2 in.) immersion depth,for resistance thermometers shall be in accordance with Table

see S38.1(), and S11 and Table S12 with limits of error specified in S39.2.
(2) EM configuration installations, see S38.(BR S$38.2.2 Thermocouple:
S38.2.1Resistance Thermometer Element: S$38.2.2.1Location—The thermocouple measuring junction

S38.2.1.1Location—The resistance thermometer elementshall be ungrounded and located within the bottom 6.35 mm
shall be located within the bottom 2 in. of sheath for the(¥s in.) of the sheath for the thermowell and bare bulb
thermowell and bare bulb configurations. The resistance theronfigurations. The thermocouple measuring junction shall be
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CONNECTION NOTES:
HEAD EXTENSION 1. TOP OF CONNECTION HEAD EXTENSION

LENGTH A AND BOTTOM OF WASHER SHALL BE ON
THE SAME DATUM LINE.

2. RESISTANCE THERMOMETER OR
THERMOCOUPLE SENSOR TIP IS
COMPRESSED AGAINST BOTTOM OF
THERMOWELL.

.
{

THERMOWELL NOT SUPPLIED

Y / WITH THERMOWELL CONFIGURATION

AN
B NN

INSERTION LENGTH
INTO THERMOWELL
NOTE 2

AN\
SO

-

FIG. S4 Thermowell Type Resistance Thermometer/Thermocouple

AN

NN

ungrounded and located in the middle of the sheath for the S38.2.3Resistance Thermometers:

embedded configuration. S38.2.3.1External Insulation (TW and EM
S38.2.2.2Connecting WiresFhe diameter of the connect- Configurations)—Fhe material for the external insulation shall

ing wire shall be the AWG as specified in Table S7. Thebe specified in Table S7.

connecting wire material shall also be in accordance with Table S38.2.3.2Color Code—Fhe external insulation for the

S7. single connecting wire attached to one end of the resistance
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FIG. S5 Bare Bulb Type Resistance Thermometer/Thermocouple

thermometer element shall be color coded red. The external S38.2.4.3Internal  Insulation (TW and EM

insulation for the two connecting wires attached to the otheConfigurations)—Fhe thermocouple sensor connecting wires

end of the resistance thermometer element shall be color codethall be insulated from each other , except at the measuring

white or amber. junction, and from the sheath by magnesia (MgO). The
S38.2.3.3Internal Insulation (TW  and BB magnesia shall be electrically fused with a 96.5 % minimum

Configurations)—Fhe resistance thermometer connectingcontent of magnesia. The sulfur content shall be less than 50

wires shall be insulated from the sheath and from each other bypm and the carbon content less than 200 ppm.

alumina (ALO;). The alumina shall be alpha alumina with a  S38.2.5 Thermowell Configuration:

minimum content of 99.5 % alumina. Sulfur shall not exceed S38.2.5.1Temperature Exposuredaximum connecting

50 parts per million (ppm) while carbon shall not exceed 20thead temperature shall be 300°F for resistance thermometers

ppm. with nickel elements, 260°C (500°F) for resistance thermom-
S38.2.3.4Number of Connecting WiresFhe resistance eters with platinum elements, and 260°C (500°F) for type K

thermometers shall be of three-wire construction except for théhermocouple sensors.

bare bulb configuration with a nickel element which shall be of S38.2.5.2Watertight Enclosure-Resistance thermometers

two-wire construction. and thermocouple sensors shall be watertight such that water
S38.2.4Thermocouple Sensors: directed at the sensor from any angle is prevented from entry.
S38.2.4.1External Insulating (TW  and EM S38.2.5.3Construction—Fhermowell configuration shall

Configurations)—Fhe material for external insulation shall be consist of resistance thermometer or thermocouple sensor,

as specified in Table S7. construction head, and a connection head extension as shown
S38.2.4.2Color Code—Fhe external insulation for the posi- of Figs. S1-S4.

tive (chomel) connecting wire shall be yellow. The external S38.2.5.4Connection Head Cap¥he connection head of

insulation for the negative (alumel) connecting wire shall bethe thermowell configuration shall be provided with a screw-on

red. type cap with metal link chain.
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FIG. S6 Embedded Type Resistance Thermometer/Thermocouple

S38.2.5.5Terminal Board—Ferminal board shall be secured of 2.54 = 254 pym (0.10*+ 0.01 in.) over the area of the
to the connection head. resistance thermometer or thermocouple sensor, scoring of a
S38.2.5.6 Thermowells-When resistance thermometers carbon steel shaft having a Brinell hardness of 170 to 180 will
and thermocouple sensors are intended for use with thermovbe limited to a depth of 7.62 um (300 pin.) or less.
ells, the thermowells shall be in accordance with ASME B40.9, S38.2.7.4Babbitt Topping—Fhe tip of the sheath shall
Supplement 1. contain a 2.54+ 1.5 mm (0.10=£ 0.06 in.) thick topping of
S38.2.6Bare Bulb Configuration: babbitt. The diameter, including maximum to tolerance, of the
S38.2.6.1Temperature ExposuresFhe maximum connec- babbitt topping shall conform to the diameter of the sheath.
tor receptacle and plug temperature shall be 149°C (300°F). S38.2.8Cleaning and Surface Finishessurface of cast-
S38.2.6.2Watertight Enclosure-Resistance thermometers ings, forgings, molded parts, stampings, machined and welded
and thermocouple sensors shall be watertight such that watearts shall be free of defects such as cracks, porosity, under-
directed at the sensor from any angle is prevented from entrguts, voids, and gaps as well as sand, dirt, fins, sharp edges,
S38.2.6.3Construction—Fhe bare bulb configuration shall scale, flux, and other harmful or extraneous materials. External

be of one-piece construction as shown on Fig. S5. surface shall be smooth and edges shall be either rounded or
S38.2.6.4End Cap—Fhe connector receptacle shall be pro-beveled. There shall be no burn-through. There shall be no
vided with a screw-on end cap. warpage or dimensional change due to heat from welding

S38.2.6.5Pressure RequirementsFhe resistance thermom- operation. There shall be no damage to adjacent parts resulting
eter and thermocouple sensor shall withstand 37.9 MPa (550@om the welding.
psi) when inserted into air stream at a temperature of 182°C )
(360°F) with velocity of 12.2 m (40 ft) per second. S39. Performance Requirements
S38.2.7Embedded Configuration: S39.1 Insulation ResistanceFhe insulation resistance shall
S38.2.7.1Temperature ExposuresResistance thermom- be determined at 50 VDC and shall be no less than 10
eters and thermocouple sensors shall withstand a maximumegohms.
temperature of 205°C (400°F) for continuous use, 274°C S39.2 Accuracy—Fhe span and limits of error shall be as
(525°F) for short term exposure of 15 min, and 288°C (550°F)specified in Table S13 (see S42.2).
for short term exposure of 2 min. S39.2.1Accuracy RepeatabilityFhe span and limits of
S$38.2.7.2Construction—Fhe embedded configuration shall error shall be as specified in Table S14.
consist of the resistance thermometer or thermocouple sensorS39.2.2 Reference Measurementhe performance shall
as shown in Fig. S6. conform to S39.2 (see S42.2.2).
S38.2.7.3Scoring—The material and construction of the  S39.3 Response TimeResponse time of the resistance
resistance thermometer or thermocouple sensor shall be suttrermometers and thermocouple sensors shall be as follows:
that in the event the bearing should fail and be wiped to a depth (1) 8 s or less for thermowell configuration,
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TABLE S8 Construction Dimensions and Application Temperatures, Thermowell Configuration

Dimensions, cm (in.) Maximum Thermowell
- Insertion Length, (see Fig. S1, Fig. S2, and Fig. S4) Temperature Connection Design
Type Designation . Range,
cm (in.) L+1mm A+ 0.75 mm 5 5 R Head Temp, Number
(+0.04) (+0.03) Y z °C (°F) (B40.9)
PRT 4 6.8 11.28 4.45 9.53 13.34 -40 to 316 260 2(E)
(2.69) (4.44) (1.75) (3.75) (5.25) (-40 to 600) (500)
PRT 6 6.8 16.99 10.16 15.24 19.05 -40 to 316 260 2(E)
(2.69) (6.69) (4.00) (6.00) (7.50) (-40 to 600) (500)
PRT 10 11.66 25.88 14.22 24.13 27.94 -40 to 538 260 4(E)
(4.59) (10.19) (5.60) (9.50) (11.00) (-40 to 1000) (500)
PRT 6 11.91 22.07 10.16 20.32 24.13 -40 to 316 260 4(E)
(4.69) (8.69) (4.00) (8.00) (9.50) (-40 to 600) (500)
PRT 8 11.91 22.07 10.16 20.32 24.13 -40 to 316 260 4(E)
(4.69) (8.69) (4.00) (8.00) (9.50) (-40 to 600) (500)
PRT -—- 16.99 22.07 5.08 20.32 24.13 -40 to 316 260 ---
(6.69) (8.69) (2.00) (8.00) (9.50) (-40 to 600) (500)
NRT 9 6.8 24.61 17.78 22.86 26.67 -40 to 205 149 2(E)
(2.69) (9.69) (7.00) (9.00) (10.50) (-40 to 400) (300)
NRT 10 11.66 25.88 14.22 24.13 27.94 -40 to 205 149 4(E)
(4.59) (10.19) (5.60) (9.50) (11.00) (-40 to 400) (300)
NRT 11 11.91 29.69 17.78 27.94 31.75 -40 to 205 149 4(E)
(4.69) (11.69) (7.00) (11.00) (12.50) (-40 to 400) (300)
KTC 4 6.8 11.28 4.45 9.53 13.34 -40 to 316 260 2(E)
(2.69) (4.44) (1.75) (3.75) (5.25) (-40 to 600) (500)
KTC 6 6.8 16.99 10.16 15.24 19.05 -40 to 316 260 2(E)
(2.69) (6.69) (4.00) (6.00) (7.50) (-40 to 600) (500)
KTC --- 21.26 39.04 17.78 37.29 41.10 -40 to 816 260 -
(8.37) (15.37) (7.00) (14.68) (16.18) (-40 to 1500) (500)
KTC 6 11.91 16.36 4.45 14.61 18.42 -40 to 316 260 4(E)
(4.69) (6.44) (1.75) (5.75) (7.25) (-40 to 600) (500)
KTC 8 11.91 22.07 10.16 20.32 24.13 -40 to 316 260 4(E)
(4.69) (8.69) (4.00) (8.00) (9.50) (-40 to 600) (500)
KTC --- 29.54 47.32 17.78 29.54 49.38 -40 to 816 260 -
(11.63) (18.63) (7.00) (11.63) (19.44) (-40 to 1500) (500)
KTC --- 42.24 46.69 4.45 44.93 48.74 -40 to 316 260 -
(16.63) (18.38) (1.75) (17.69) (19.19) (-40 to 600) (500)
KTC --- 31.45 47.32 15.88 45.57 49.38 -40 to 816 260 -
(12.38) (18.63) (6.25) (17.94) (19.44) (-40 to 1500) (500)

A For “A” dimensions less than 12.7 cm (5.0 in.) the temperature range is limited to 56°C (100°F) above the maximum connection head temperature.

B Reference dimension only. Y and Z as required to meet installation requirements.

TABLE S9 Construction Dimensions and Application
Temperatures, Bare Bulb Configuration

Size, cm (in.) (see Fig. S5)

Type Designation Temperature
E + 750 mi (0.03) F = 750 mi (0.03)

NRT B1 5.71 (2.25) 8.89 (3.50) -40 to 205
B2 16.5 (6.50) 19.69 (7.75) (-40 to 400)

PRT B3 5.71 (2.25) 8.89 (3.50) -40 to 538
B4 16.5 (6.50) 19.69 (7.75) (-40 to 1000)

KTC B5 5.71 (2.25) 8.89 (3.50) -40 to 816
B6 16.5 (6.50) 19.69 (7.75) (-40 to 1500)

TABLE S10 Construction Dimensions and Application
Temperatures, Embedded Configuration

Type Designation Temperature Range, °C (°F)
NRT El -40 to 205 (-40 to 400)
PRT E2 -40 to 205 (-40 to 400)
KTC E3 -40 to 205 (-40 to 400)

(2) 15 s or less for bare bulb configuration, and

(3) 5 s or less for embedded configuration.

S39.4 Self-heating (Resistance Thermometers onlhe-
temperature change due to self heating of the resistancgithout causing circuit failure or loss of watertight integrity

23

thermometers shall not exceed 0.6°C (1°F) at an input power
level of 5 milliwatts (see S42.4).

S39.5 Thermal Cycling-When subjected to 1500 thermal
cycles, there shall be no shorts, opens, or evidence of intermit-
tent behavior. The resistance thermometers and the thermo-
couple sensors shall show no evidence of physical damage as
result of thermal cycling. The reference measurement per-
formed at the conclusion of the thermal cycling shall conform
to S39.2.

S39.6 Over-temperature (EM Configuration)Resistance
thermometers and thermocouple sensors shall conform to the
temperature span and accuracy requirements specified in S39.2
after being subjected to over-temperature. During over-
temperature, there shall be no shorts, opens, or evidence of
intermittent behavior. The reference measurement performed at
the conclusion of over-temperature shall conform to S39.2 (see
S42.5).

S39.7 Terminal Strength (TW and EM Configurations)—
Attachment of connecting wires to the connecting wire end
closure and their encapsulation into the sheath shall withstand
the specified static load. The resistance thermometers and
thermocouple sensors shall be axially loaded for 15 min
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TABLE S11 Temperature versus Resistance Characteristics for Resistance Thermometers with Nickel Elements

Temperature Resistance Temperature Resistance Temperature Resistance Temperature Resistance
°C (°F) (Ohms) °C (°F) (Ohms) °C (°F) (Ohms) °C (°F) (Ohms)
-40.0 (-40) 92.75 21.1(70) 135.46 87.8 (190) 189.81 154.4 (310) 253.69
-34.4 (-30) 96.39 26.7 (80) 139.66 93.3 (200) 194.75 160.0 (320) 259.48
-28.9 (-20) 100.07 32.2 (90) 143.92 98.9 (210) 199.75 165.6 (330) 265.36
-23.3 (-10) 103.80 37.8 (100) 148.24 104.4 (220) 204.83 171.1 (340) 271.32
-17.8 (0) 107.57 43.3 (110) 152.61 110.0 (230) 209.97 176.7 (350) 277.35
-12.2 (10) 111.40 48.9 (120) 157.04 115.6 (240) 215.18 182.2 (360) 283.46
-6.7 (20) 115.28 54.4 (130) 161.54 121.1 (250) 220.46 187.8 (370) 289.66
-1.1 (30) 119.21 60.0 (140) 166.09 126.7 (260) 225.82 193.3 (380) 295.93
0.0 (32) 120.00 65.6 (150) 170.71 132.2 (270) 231.24 198.9 (390) 302.29
4.4 (40) 123.19 71.1 (160) 175.39 137.8 (280) 236.74 204.4 (400) 308.73
10.0 (50) 127.23 76.7 (170) 180.13 143.3 (290) 242.32
15.6 (60) 131.32 82.2 (180) 184.94 148.8 (300) 247.96

Note—Resistance thermometers with nickel elements shall not be used for temperature applications above 400°F.

TABLE S12 Temperature versus Resistance Characteristics for Resistance Thermometers with Platinum Elements

Temperature Resistance Temperature Resistance Temperature Resistance Temperature Resistance
°C (°F) (Ohms) °C (°F) (Ohms) °C (°F) (Ohms) °C (°F) (Ohms)
-40.0 (-40) 83.97 100.0 (212) 139.24 260.0 (500) 199.58 415.6 (780) 255.35
-28.9 (-20) 88.44 104.4 (220) 140.96 271.1 (520) 203.66 426.7 (800) 259.23
-17.8 (0) 92.90 126.7 (260) 149.51 282.2 (540) 207.72 437.8 (820) 263.09
-6.7 (20) 97.34 137.8 (280) 153.76 293.3 (560) 211.77 448.9 (840) 266.93
0.0 (32) 100.00 148.8 (300) 158.00 304.4 (580) 215.81 460.0 (860) 270.77
4.4 (40) 101.77 160.0 (320) 162.22 315.6 (600) 219.83 471.1 (880) 274.58
15.6 (60) 106.18 171.1 (340) 166.43 326.7 (620) 223.83 482.2 (900) 278.39
27.6 (80) 110.58 182.2 (360) 170.63 337.8 (640) 227.82 493.3 (920) 282.17
37.8 (100) 114.96 193.3 (380) 174.81 348.9 (660) 231.80 504.4 (940) 285.95
48.9 (120) 119.33 204.4 (400) 178.97 360.0 (680) 235.76 515.6 (960) 289.71
60.0 (140) 123.69 215.6 (420) 183.12 371.1 (700) 239.71 526.7 (980) 293.45
71.1 (160) 128.03 226.7 (440) 187.26 382.2 (720) 243,64 537.8 (1000) 297.18
82.2 (180) 132.35 237.8 (460) 191.38 393.3 (740) 247.56
93.3 (200) 136.67 248.9 (480) 195.49 404.4 (760) 251.46
TABLE S13 Accuracy (Span of Limits of Error) vacuum. After application of vacuum and pressure, the perfor-
Temperature Range, °C (°F) Limits of Error mance of the resistance thermometers and thermocouple sen-
Resistance Thermometers with Nickel Elements sors shall conform to S39.1 and S39.2 (See 842-8)-
-94;0 t02%3 ((-ggoto 208())) t1-§°Cf(2°F) . S39.9 Enclosure (TW and BB configurationsJhere shall
to 205 to 4 +1 % of temperature measure B .
Resistance Thermometers with Platinum Elements be no leakage of water into the watertight enclosure (see
-40 to 277 (-40 to 530) +1.1°C (2°F) S42.9).
27710538 (53010 1000 o of temperature measured S39.10Salt Spray-Resistance thermometers and thermo-
ermocouple >ensors . .
-40 to 277 (-40 to 530) e @°F) couple sensors shall show no appreciable corrosion or other
277 to 816 (530 to 1500) +% % of temperature measured damage when subjected to salt spray (S42.10). The perfor-
mance of the resistance thermometers and thermocouple sen-
sors shall conform to S39.1 and S39.2.
TABLE S14 Accuracy Repeatability (Span of Limits of Error) $39.11 Spring Loading (TW Configuration)When com-
Temperature Range, °C (°F) Limits of Error pressed 7.62 cm¥{s in.), the spring shall exert a minimum
Resistance Thermometers with Nickel Elements force of 2.27 kg (5 Ib) (S42.11).
-40 to 93 (-40 to 200) +0.6°C (1°F) : W oAt )
93 to 205 (200 to 400) +0.5 % of temperature measured S39.12 Vibration X hen exposed to vibration per MIL
Resistance Thermometers with Platinum Elements STD'167'11 the reS|Stan9e thermqmeters and th_ermocpuple
-40 to 277 (-40 to 530) +0.6°C (1°F) sensors shall show no evidence of improper operation, failure,
0, . . .
27710 538 (530 to 1°°°%hermocoup|§3é§ns/grgf temperature measured or damage (see S42.12). The electrical signal from the resis-
-40 to 277 (-40 to 530) +0.6°C (1°F) tance thermometer and thermocouple sensor shall be monitored
277 to 816 (530 to 1500) +%16_% of temperature measured during vibration and there shall be no shift in the temperature

indication. A reference measurement performed at the conclu-
sion of vibration shall meet the specified accuracy require-
(see S42.7). The reference measurement performed at theents of S39.2.
conclusion of static loading shall conform to S39.2. S39.13 Shock—Resistance thermometers and thermocouple
S39.8 Connecting Wire end Closurethen subjected to a sensors shall withstand the effects of shock in accordance with
vacuum or pressure, there shall be no physical damage to thIL-S-901 (S42.13). A reference measurement performed
resistance thermometers and thermocouple sensors and thafeer exposure to shock shall meet the specified accuracy
shall be no observed evidence of air bubbles while underequirements of S39.2.
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S39.14 Pressure (EM Configuration)¥he embedded resis-  S42.2.2 Reference Measurementhe accuracy test as
tance thermometers and thermocouple sensors shall not defospecified in S42.2 shall be referred to as a “reference measure-
to such a degree that the babbitt surface is visually determinemient” when performed at the conclusion of another test listed
to be dimpled, cracked, or ruptured after exposure to a pressune Table S15. The reference measurement shall only be
of 12.4 MPa (1800 Ib/if) gauge. The insulation resistance conducted at the temperatures that are specified for a reference
between each connecting wire and the babbitt surface shall beeasurement in Table S15. Performance shall conform to
no less than 10 megohms when measured both before and $89.2.2.
the conclusion of exposure to pressure. The resistance ther-S42.3 Response TimeResistance thermometers and ther-
mometers and thermocouple sensors shall meet the referenemcouple sensors shall be tested in accordance with the
measurement requirements of S39.2 both before and at tle®nditions of Table S16. The low or high temperature test shall
conclusion of exposure to pressure (S42.14). be used depending upon the configuration and the type of

S39.15Scoring (EM Configuration)-Fhe stylus traces re- resistance thermometer or thermocouple sensor criteria in
sulting from the application of a scoring force of 3.63 kg (8 Ib) Table S17. The time it takes the standard cylinder output to rise
shall not indicate a scoring depth exceeding 7.62 micrometerfsom an equivalent temperature from 10 T, in Table S16
(300 microinches) (S42.15). shall be the standard cylinder response time. The standard
cylinder response time shall be within the values listed in Table
S16 for at least six consecutive trials not counting those

S40.1 Cleaning and Surface FinishesSurfaces of castings, performed in establishing the proper temperature bath condi-
forgings, molded parts, stampings, machined and welded partins (temperature, orientation, stirrer speed, and so forth). The
shall be free of defects such as cracks, porosity, undercutgesponse time of the resistance thermometers and thermo-
voids and gaps as well as sand, dirt, fins, sharp edges, scalguple sensors shall be the average of at least six readings
flux, and other harmful or extraneous materials. Externataken during at least six consecutive trials where the standard
surfaces shall be smooth and edges shall be either rounded @/linder was within the values specified in Table S16. The test
beveled. There shall be no burn-through. There shall be neonditions of the resistance thermometers and thermocouple
warpage or dimensional change due to heat from weldingensors are also those contained in Table S17. Performance
operation. There shall be no damage to adjacent parts resultirgiall conform to S39.3.
from welding. S42.3.1Standard Cylinder-A standard cylinder shall be
used for this test. The information needed to construct a
et AL L standard cylinder is provided on Fig. S7. Connecting wires

S41.1 The number of tests and retests, if any, shall beom the standard cylinder thermocouple shall terminate at an
specified in the acquisition requirements. ice bottle, ice point reference junction or a reference junction
S42. Test Methods compensqted glec.tronic indicator. If an icg bottle or ice point

) ) ) ) reference junction is used, the extension wires coming from the

S42.1 Insulation Resistancetnsulation resistance shall be yeference junction shall be connected to an indicator such as a

determined by applying 50 V (dc) between the connecting,stentiometer or a millivolt recorder. No matter what form of
wires and the sheath. Performance shall conform to S39.1. inqicator is used, the indicator shall have a response time not

S42.2 Accuracy—Resistance thermometers and thermo-jggg than two times faster than the response time of the

couple sensors shall be calibrated in accordance with theynherature rise that the standard cylinder will measure (see

requirements of S39.2. The temperature of the bath fluid shay; e S16). Response time measurement shall be conducted

be as shown in Table S15,2.8°C (5°F), with a temperature sing either a stop watch or any method capable of timing to
gradient of =0.06°C (/10 °F), 0.28°C {2 °F) for salt bath, (5 ¢ or petter.

under steady state temperature conditions. The resistancegyo 3 2 Temperature BathFwo temperature baths are used
thermometers and thermocouple sensors shall be calibrated iﬁtperforming this test. The baths shall be sufficiently large or

temperatures listed in the increasing order. Performance shallstructed in such a manner that the temperature bath fluid

conform to S39.2. - _ will not be cooled by greater than 0.5 % of the span when
S42.2.1Accuracy RepeatabilityFhe accuracy test speci- gither the cylinder or the filled system thermometer is im-

fied in S42.2 shall be performed two additional times. Perforyersed. The “hot” bath shall contain a variable speed stirrer.
mance shall conform to S39.2.1. Two liquid temperature bath fluids and temperatures are

S40. Workmanship, Finish, and Appearance

TABLE S15 Calibration Temperatures

Configuration  Type E;:}pira(t:ge Calibration Values, (°F) TABLE S16 Response Time Test Conditions
ge. Test Conditions Low Temperature  High Temperature
TW, BB NRT -40 to 205 -29, 0, 27, 82, 138, 193 Test Test
oRT f:;ot;os‘;%o) 5-2290, 032;3; 8;65183(); . 2f207' 3520: ) I\B/Ia>r<1imur2ltemperature °C (°F) \2/\(/)5 (400) 2323, 816 (1000, 1500)
oA oA ! ‘A A ath medium ater alt
KTC 54&0811%00) Szzsfvog,zgé,zzo(?s,éfg’fgg éfg 0. 989 Bath temperature °C (°F) 82 (180) 505 (940)
(-40 to 1500) (-20, 324, 200, 400, 6004, 900, 1200%) Initial temperature °C (°F) 10 (50) 238 (460)
EM NRT, PRT, -40 to 205  -20, 0, 27, 82, 138, 193 (Start t,m}ng) temperature T1°C (OF) 27 (80) 305 (580)
KTC (-40 t0 400) (-20, 324, 80, 180", 280, 380%) (Stop t|m|ng). temperature Tz_c (°F) 62 (143.2) 431 (808)
. il . . Standard cylinder response time (s) 6.0 = 0.2 8.0 £ 0.2

A These values shall be used for reference measurement (see S42.2.2).
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TABLE S17 Conditions for Temperature at 5 milliwatts input and the extrapolated value at the indicated
Configuration Type Temperature Test temperature at zero power input is the effect due to self heating.
™w NRT Low Performance shall conform to S39.4.
BB PRT, KTC High S42.5 Thermal Cycling—Resistance thermometers and ther-
NRT Low .
PRT, KTC High mocouple sensors shall be heated and cooled for 1500 cycles in
EM NRT, PRT, KTC Low accordance with Table S18. Cycle rate shall not exceed two

cycles per minute. The output of the resistance thermometers
and thermocouple sensors shall be monitored during thermal

. . . I cycling. Connection head temperature shall not exceed the
permissible for use with this test and are specified in Table S16y,aximum connection head temperature specified in Table S7.

One fluid temperature is referred to as the “cold bath tempergsyior 1o and following the test, a reference measurement as
ture” while the other is referred to as the “hot bath temperaypecified in S42.2.2 shall be conducted. Performance shall

turse.;f”z338 Uoh it i the h b h<:onform to S39.5.
-3.35et Up—the conditions in the hot temperature bat S42.6 Over-temperature (EM Configuration)Resistance

f!Uid shall be set up Sl.JCh that th_g ste}ndard cylinder re€SPONSKermometers and thermocouple sensors, while at ambient
time will be within the limits specified in S39.3. Hot tempera- temperature, shall be quickly (within 2 s)’ immersed for a

:lé;e ot;\?stg tifr|1l1“ed v?/i(ljlngglgrr::nagg,bth\lj;, Fr:e tﬁ?ggﬁ:g Cyg?;rﬁtperiod of 15+ 0.5 min in a temperature bath in which the fluid
P ' . 9 y varying . 9p is stabilized to a temperature of 2742.8°C (525+ 5°F). The
eters. The standard cylinder shall be immersed in the tempera

ture bath fluid to the bottom of the standard cylinder collar (se [esistance thermometer or thermocouple sensor immersion

e . . . . .
. ; ) depth shall be 7.62 cn#{s in.) if not installed in a fixture. If
Egrﬁeerefc(i)gnl?r?:trll%rt])t.e;heerzttirr]g?agthczt? ddienr tﬁzaggrilgﬁ)ycsat?onhe resistance thermometer or thermocouple sensor is installed
i ~mper . . in a fixture, it shall be immersed to a sufficient depth to provide
and in the same orientation. The immersion depth of the :
an accurate bath temperature measurement. The resistance

standard cylinder thermocouple measuring junction and thﬁwermometers or thermocouple sensors shall then be quickly

immersion depth of the embedded configuration reS'StanCﬁnmersed in another temperature bath containing the same

thermc|>met|er or thermocouple sensor shall be maintained at ﬂ?ﬁlid stabilized at a temperature of 288 2.8°C (550~ 5°F)

same [evel. - ) . to the specified depth for a period of 2 0.05 min. The
S42.3.4Determining Response Timéhe resistance ther- resistance thermometers or thermocouple sensors shall then be

mometer or thermocouple sensor (or standard cylinder) shall b&uickly immersed in the first temperature bath in which the

immersed in the hot temperature bath until there is no furtheﬁuid is stabilized at a temperature of 2742.8°C (525+ 5°F)

indication of temperature rise. The resistance thermometer X the specified depth for a period of #50 5 min The_output

thermocouple sensor (or standard cylinder) shall then b : :

immersed in the cold temperature bath until there is no furthe, f the resistance thermometers or thermocouple sensors shall
T P : be monitored during this test. The resistance thermometers or
indication of temperature decrease. The resistance thermor'{h | hall h the bath fluid
eter or thermocouple sensor (or standard cylinder) shall again_ermocou_pe Sensors shatl reac the bath fluid temperature
be immersed in the hot temperature bath. Timina shall bé/wthm 1 min after immersion into a temperature bath whether
started when the resistance tr?ermometer o.r therm%cou le (OF not a text fixture is used. A reference measurement shall be
. - P erformed at the conclusion of this test. Performance shall
stand cylinder) indicator reaches temperaturgs@e Table conform to S39.6
S16) and stopped when temperatugdsireached. The time it o

takes the resistance thermometer or thermocouple (or standard>42:7 Terminal Strength (TW and EM Configurations)—
cylinder) to indicate the difference between temperaturgs TWith the resistance thermometers and thermocouple sensors
and T, shall be defined as the response time. firmly held in a holding fixture, a static tensile load of 2.27 kg

S42.3.5Conducting Response Time Tedte response (5 Ib) shall be applied to each connecting wire simultaneously

time test shall be conducted by taking alternate response tinf@" 15 min for the thermowell configuration. For the embedded
measurements between the standard cylinder and the thermofi2nfiguration, a static tensile load of 2.27 kg (5 Ib) shall be
eter. Each alternation of the standard cylinder's then th&pplied to each connecting wire separately. The direction of the

thermometer’s response time measurements shall be defined'9@d shall be along the longitudinal axis of the resistance

a trial. thermometers and thermocouple sensors. A reference measure-
S42.4 Self-heating (Resistance ThermometerBe- self- ment shall be performed at the conclusion of this test. The

heating test shall be conducted in a water bath under thBerformance shall conform to S39.7.

conditions specified in S42.2. A resistance thermometer shall S42.8 Connecting Wire End ClosureBuring this test, the

be immersed in the water bath to at least the minimuntesistance thermometers and thermocouple sensors of the

immersion depth and allowed to stabilize at 82°C (180°F). Athermowell configuration shall be removed from the connec-

series of direct currents shall be passed through the resistanéién head. No end cap shall be threaded over the connector

thermometer elements and maintained until steady state [§ceptacle of the resistance thermometers and thermocouple

attained such that the power impact is successively 0.5, 1.¢ensors of the bare bulb configuration. Connecting wire end

3.0, and 5.0 milliwatts. A curve of the indicated temperatureclosure shall meet the requirements specified in S39.8.

versus power input shall be plotted and extrapolated to zero S42.8.1Vacuum Portion—Fhe desiccator shall be half filled

power input. The difference between the indicated temperatureith water and evacuated of dissolved air. The resistance
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CONNECTING WIRE TO COLD JUNCTION
24 GAUGE IRON—CONSTANTAN THERMOCOUPLE
CONNECTING WIRE DUPLEX GLASS COVERED

1/8” S.S. TUBING

/
X1”r|/
L

COLLAR TO INDICATE CORRECT
DEPTH OF IMMERSION

SILVER BRAZE

COPPER

DRILL 3/32" X 4"
" FROM TOP OF CYLINDER

8" s SEE DETAIL A

Insray

rrrrrr
lllll

—e15/8"DIAI=— % THERMOCOUPLE WIRE
TN (APPROX. THERMOCOUPLE  MEASURING

JUNCTION (TWO LEADS
0.025 GRAM) N - WELDED TOGETHER)

DETAIL A

FIG. S7 Standard Cylinder

thermometers and thermocouple sensors shall be immersed.in TABLE S18 Thermal Cycling Conditions

this desiccator. The desiccator shall then be subjected to an temperature Range, °C (°F) Cyf'e Temperature, °C ("FL)J =10%
i 2 ower pper

absolute pressure of 27.5 kBa3.5 kPa (4.0+ 0.5 Ib/in”) for 51 10 205 (160 t0 400) 182 (360) 205 (400)

15 min. The connecting wire end closure shall be observed for -40 to 538 (-40 to 1000) 38 (100) 482 (900)

evidence of air leaks. -40 to 816 (-40 to 1500) 93 (200) 649 (1200)

S42.8.2Pressure Portion—Fhe resistance thermometers
and thermocouple sensors shall be placed inside a pressure
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chamber and the pressure chamber shall be hydrostatically (1) Maintain each discrete frequency from 5 to 100 Hz at 1
pressurized with water to 1724 3.5 kPa (25+ 5 Ib/in) for ~ Hz intervals for a minimum of 15 s, or a sweep rate that shall
a period of no less than 15 0.5 min. not exceed 4 Hz per minute.

S42.8.3Post Test Measurement#t-the conclusion of this (2) Displacement or acceleration shall be as specified in
test, an insulation resistance test followed by a referencéable S19.
measurement shall be performed. Performance shall conform (3) Frequencies and locations where resonance occurs dur-
to S39.8. ing this test shall be noted.

S42.9 Enclosures (TW and BB Configurationsjhe resis- S42.12.2Variable Frequency Test:
tance thermometers and thermocouple sensors of the thermow-(1) Discrete frequency interval of 1 Hz.
ell configuration shall be tested with the thermowell attached to (2) Frequency range 5 to 100 Hz. o
the connection head extension and a threaded plug inserted into(3) Each discrete frequency shall be maintained for a
the connection head conduit connection. The resistance thefinimum of 5 min.
mometers and thermocouple sensors of the bare bulb configu- (4) Displacements shall be as specified in Table S19.
ration shall be tested with an end cap threaded over the (5) Frequencies and locations where resonance occurs dur-
connector receptacle. The test shall consist of a solid stream 819 this test shall be noted.
water from a 2.54 cm (1 in.) diameter nozzle at a rate of 246 S42.12.3Endurance Test:

L (65 gal) per minute. The stream shall be directed on all (1) The resistance thermometers and thermocouple sensors
surfaces of the equipment and its mounting surface from ghall be subjected to a 2-h endurance run at each resonance.
maximum distance of 3.048 m (10 ft) and for a minimum of 60  (2) Displacement or acceleration shall be the variable fre-
min. quency test values specified in Table S19.

S42.10Salt Spray—Resistance thermometers and thermo- (3) If noresonance is found, a 2-h performance run shall be
couple sensors shall be subjected to the salt spray test Rerformed at 100 Hz. A reference measurement shall be
accordance with ASTM B 117. The salt spray test shall run foperformed after the conclusion of the vibration test. Perfor-
a duration of 96 h. The salt solution shall be#5 1 %  mance shall conform to S39.12. _ _
concentration (5 parts by weight of salt in 95 parts by weight S42.13Shock—Shock tests shall be in accordance with
of water). At the conclusion of this test, an insulation resistancé/!lL-S-901 grade A, class |, type C for lightweight equipment.

test followed by a reference measurement shall be performefResistance thermometers and thermocouple sensors shall be
Performance shall conform to S39.10. mounted to simulate actual installation. Resistance thermom-

eters and thermocouple sensors shall be mounted no less than
g.62 cm (3 in.) from the side and 7.62 cm (3 in.) from the rear
9{ the platform. Output during the test shall be monitored. A
eference measurement shall be performed at the conclusion of
%ﬁs test. Performance shall conform to S39.13.

S42.10.1Thermowell ConfigurationFhe resistance ther-
mometer or thermocouple sensor shall be removed from th
connection head when the test has reached the 48 h point.
plug shall be threaded into the connection head condu

connection (see Fig. S3) and a thermowell shall be threade . . .
( g ) d S42.14 Pressure (EM Configuration)¥he resistance ther-

onto the connection head extension. The connection hea ; .
ometers and thermocouple sensors under test, which will be

(including connection head extension, plug, and thermowell d onlv for thi test. shall be installed in a fixt d
and the resistance thermometer or thermocouple sensor shall r?—.-e only for this one test, shall be installed in a fixturé made

separstey ubjected o the sallsray et
S42.10.2Bare Bulb Configuration-Fhe resistance ther- g- >0

) .9 cm @4-in.) diameter surface shall be babbitted over, using
mometers and thermocouple sensors shall be subjected to t &bbitt that conforms to grade 2 of Specification B 23, flush

f:é;;?;i?’eteﬁ without an end cap threaded over the COnneCt\(/)vrith the top of the test fixture. The insulation resistance

. di f . . between each connecting wire and the babbitt surface shall
S42.11Spring Loading (TW Configuration)Resistance = e he measured. The babbitt surface shall then be exposed to

thermometers and thermocouple sensors shall be mounted irhapressure of 12.4 MPa (1800 10 Ib/in?) for 5 + 0.25 min.
jig and compressed 7.62 Crita6 in.) three successive times. agor completion of this test, the insulation resistance shall be
The compressive force of the spring shall be measure easured in the same manner as before the test. The fixture

Performance shall conform t0_839'11' ) shall be unbabbitted and a reference measurement shall be
S42.12 Vibration—The vibration test shall be in accordance performed. Performance shall conform to S39.14.

with MIL-STD-167-1 except as modified herein and shall
consist of the exploratory test, the variable frequency test, and

the endurance test. These tests shall be conducted in the TABLE S19 Vibration Displacement Criteria
sequence listed and shall meet the requirements specified In Frequency Range Table Displacement Variable Frequency
$39.12. Each of the three tests shall be conducted in each of the  ~ 17) (inc)y Exploratory Test, Test, pm (in.)
three mutually perpendicular axes. All three tests shall be pm (in.) Peak to Peak
completed in one axis before performing the tests in the other °%© 20 fé’ng) 10 o » (153253‘3"012)
axis. The resistance thermometers and thermocouple sensorsz; 1 so0 254 =+ 50 1016 = 200
shall be secured to the fixture in the surface mounted configu- (0.010 = 0.002) (0.040 = 0.008)
ration. 51 to 100 127 = 25 508 + 100

(0.005 *+ 0.001) (0.020 *+ 0.004)

S42.12.1Exploratory Test:
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S42.15 Scoring—Fhe resistance thermometers and thermo- TABLE S20 Qualification Testing

couple sensors under test, which will be used on'ly for thisone  gamination  Performance  Test  Applicable  Conformance
test, shall be installed in a fixture made from mild steel. The and Test Requirement Method Configurations Group A Group B
critical _dlmenS|ons to_whlch the fixture shall conform are o .- o amination S435 TW, BB, EM X
shown in S39. The resistance thermometers and thermocouplgsulation resistance ~ S39.1  S42.1
sensors under test shall not contain a babbitt topping, and théccuracy S39.2  S422 TW, BB, EM x4 X

ti ire shall be severed. The entire 1.9 8mif.)  ~oororse e oN6  es TWEBEM
connecting wire s - L ) Self heating® S39.4  S424 TW,BB,EM - X
diameter counterbored surface shall be babbitted over usingnermal cycling® S39.5  S425 TW, BB, EM X

babbitt that conforms to Grade 2 of Specification B 23 with 3 ?Vefjtefr‘pffat“{ﬁf igg‘; 22;? 5\'}"\/ Eu
mm =+ 254 um (0.12+ 0.01 in.) of the resistance thermometers ¢ 108 > “I8% | 08 eazs Tw. 5B

and thermocouple sensors protruding above the babbitt surfaceciosure

The protruding tip of the resistance thermometers and thermggnclosure®® $39.9  S429 TW, BB

| hall be b ht int tact with a 5.0 Salt spray (fog)” S39.10 S42.10 TW, BB, EM - -
couple sensors shall be brought into contact with a 5.08.¢m  gping joading 53041 84211 TW X
254 uym (2.0Q0t 0.01 in.) diameter shaft that is rotating at 3000 Vibration® S39.12  S42.12 TW, BB, EM

. . D,C

= 30 r/min. The shaft shall be made from carbon steel havng:OCk e S39.13 S4213 TW, BB, EM

. . . -Pressure™ S39.14 S42.14 EM
a Brinell hardness between 170 and 180 and a surface finisg;qing S39.15  S42.15 EM

between 15 and 25 root mean square _(rms). A force qf 3.63 KT A two point acouracy test at 0°C (32°F) and 100°
+ 454 g (8 = 1 Ib) shall be applied to the resistance performance shall conform to $39.2.
thermometers and thermocoup'e Sensors to ensure contact WitH;The self heating test shall be performed only on resistance thermometers.

the circumference of the shaft during the test. The resistancg, s e ence measurement (see $42.2.2) shal be periormed prior to and at the
thermometers and thermocouple sensors shall be oriented S@ An insulation resistance test shall be performed at the conclusion of this test.

that the axis perpendicular to their sensor tip face shall interseg&grformance shall conform to S42.1.

and be perpendicular to the longitudinal axis of the shaft. Prior

to the start of the test, the shaft and the fixture shall be cleanegRme classification, produced under essentially the same con-
with a suitable solvent and wiped dry. A stylus trace of the shafglitions and offered for delivery at the same time.

surface parallel to the axis of the shaft shall be performed at six S43.3.2Group A General Examination and Test—
equally spaced intervals around the circumference of the shafResistance thermometers and thermocouple sensors in each lot
No lubrication shall be used between the resistance thermonghall be subjected to the group A general examination and test
eters and thermocouple sensors and the shaft during the scoriggecified in Table S20 in the order listed.

test. The rotating shaft shall remove 2.54 mn254 um (0.10 S43.3.3Group B General Examination and Testsample

+ 0.10 in.) of material from the protruding tip of the resistanceresistance thermometer and thermocouple shall be randomly
thermometers or thermocouple sensors. Upon completion @felected from each lot of 100 or more units, as appropriate, for
the test, removal of any babbitt from the surface of the shafthe tests specified in Table S20. Group B tests shall be
shall be accomplished by the use of 20 % sodium hydroxidé@erformed in the order listed on resistance thermometers and
solution. A stylus trace of the shaft surface parallel to the axighermocouple sensors that have passed group A tests.

of the shaft shall be performed at the same six equally spaced S43.3.4Acceptance Criteria:

intervals around the circumference of the shaft. Performance S43.3.4.1Acceptance Criteria for Group AFhe resistance

C (212°F) shall be performed.

shall conform to S39.15. thermometers and thermocouple sensors shall meet all the
requirements of the group A general examination and tests in
S43. Inspection order to receive group A quality conformance inspection

approval.
S43.3.4.2Acceptance Criteria for Group BSelected resis-
o . tance thermometers and thermocouple sensors shall have
1) Qual!ﬂcatlon testing, and- passed the group A tests. If any resistance thermometer or
(2) Quality .c.onf.ormancg testing. thermocouple sensor fails in any test, no resistance thermom-
S43.2 Qualification Testing: _ B ~ eter or thermocouple sensor shall be accepted for quality
S43.2.1Sample Sizednless otherwise specified, two resis- conformance inspection until the contractor has determined the
tance thermometers and thermocouple sensors of each configizse of the defect and has taken the necessary action to correct
ration and range shall be subjected to qualification testing. or eliminate the defects from resistance thermometers or
S43.2.2General Examination and TestQualification in-  thermocouple sensors on hand. The failed test and any other
spection shall consist of the general examination and testgst required shall be repeated to demonstrate that the correc-
specified in Table S20 in the order listed. Any deviation in thetive action will enable the resistance thermometers or thermo-
test order shall first be approved by the purchaser. couple sensors to conform to the requirements of this specifi-
S43.2.3Acceptance Criteria—Fhe resistance thermometers cation.
and thermocouple sensors shall meet all the requirements of theS43.4 Test Conditions-Except where the following factors
general examination and tests listed in Table S20. are variables, the tests in this specification shall be conducted
S43.3 Quality Conformance Inspection: under the following conditions:
S43.3.1Inspection Lot-An inspection lot shall consist of (1) Calibration bath temperature shall be plus or minus
all resistance thermometers and thermocouple sensors of tRe8°C (5°F) from the specified temperature.

S43.1 Classification of InspectionsFhe inspection require-
ments specified herein are classified as follows:
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(2) Resistance thermometer element excitation current shall S45.2 Identification Plate—Fhe identification plate shall

be 1.0+ 0.1 mA dc. include at a minimum the following:
(3) Maximum immersion into the temperature bath shall be (1) Nomenclature,
as follows: (2) Contractor's part number,
(@) TW configuration—Immersion shall be to the ther- (3) National Stock Number (NSN),
mowell insertion length minus 1.27 cm (0.5 in.). (4) Contract number,
(b) BB configuration—Immersion shall be to the “E” (5) Detailed specification number,
dimension minus the thread length 2.23 cm (0.875 in.). (6) Contractor's name or CAGE code, and

(c) EM configuration—Each resistance thermometer or (7) Temperature range.
thermocouple sensor shall be placed in an individual stainless S45.3 Sheath (TW and BB Configurationsfzach sheath
steel tube and packed with fine aluminum oxide powder. Thehall be clearly and permanently marked, that is, engraved or
stainless steel tube shall be immersed in the temperature baghectronically etched with the Commercial and Government
fluid to a depth such that further immersion does not producé&ntity (CAGE) number, the classification variables as specified
a change in the equivalent indicated temperature of more than B4, and a model number.

twice the temperature bath fluid gradient. S45.4 Metallic Tag (EM Configuration)-A metallic tag
(4) Unless otherwise specified, the test shall be performeghall be placed at the end of the connecting wires opposite the
with a sensor input current of 1 mA. sheath and shall be clearly and permanently marked with the
S43.5 General Examination: same information as required in S45.3. The following notice

S43.5.1 Visual Examination-Resistance thermometers and shall be placed on the opposite side of the tag:
thermocouple sensors shall be given a thorough examination to NOTICE
determine that they conform to this specification and applicable
drawings with respect to material, finish, workmanship, con- Reattach this tag to the connecting wires after bearing
struction, assembly, dimensions, weight, marking of identifi-installation and keep affixed to the connecting wires when
cation, and information plates. This examination shall be the bearing is placed in service.

limited to those examinations that may be performed without s45.5 Connecting Metal Link (TW Configuration)Fke
disassembling the resistance thermometers and thermocouplgnnecting metal links on the connection head terminal board
sensors in such a manner that their performance, durability, @pr resistance thermometers shall be marked “R” and “W,”
appearance will be affected. respectively, for the red and white insulated connecting wires.
S43.5.2Radiographic Examination (TW and BB The connecting metal links on the connection head terminal
Configuration)-When required, the radiographic examination poard for thermocouple sensors shall be marked “Y (+)” and
shall ensure that the resistance thermometer E|ement, thR(_)” for the ye”OW and red insulated Connecting wires.
thermocouple sensor’'s measuring junction, and the connecting S45.6 Connector Receptacle (BB Configurationike con-
wires meet the requirements of S38.2. nector receptacle pins for resistance thermometers with plati-
S43.5.3Sheath Straightness (TW Configuratiod-plain - num elements shall be marked “B” for the single connecting
ring gauge having a 6.53 crh 2.54 um (0.2570= 0.0001in.)  wire on one side of the resistance thermometer element and
diameter and a length which is at least the thermowell insertioghall be marked “A” and “C” for the two connecting wires on
length shall be used to verify the sheath straightness. Thegither side of the resistance thermometer element. The connec-
sheath shall pass through the plain ring gauge until it hits theor receptacle pins for resistance thermometers with nickel

first spring stop. elements shall be marked “A” and “B” for the two connecting
- wires on each side of the resistance thermometer element. The
S44. Certification connector receptacle pins for thermocouple sensors shall be

S44.1 When specified in the purchase order or contract, thenarked “(+)” and “(-)" for the positive and negative connecting
purchaser shall be furnished certification that samples repravire respectively.
senting each lot have been either tested or inspected as directed545.7 Connecting Head Plate (TW Configurationjw-
in this specification and the requirements have been met. Whégentification plate shall be affixed to the connecting head cap.
specified in the purchase order or contract, a report of the tegly
result shall be furnished. It is recommended that all test data
remain on file for three years at the manufacturer’s facility for
review by purchaser upon request.

6. Packaging and Package Marking

S46.1 Packaging and package marking shall be in accor-
dance with Section 15.

S47. Quality Assurance Provisions

S45. Product Marking S47.1 Warranty—Special warranty requirements shall be
S45.1 Product marking requirements shall be specified ispecified in the acquisition requirements. Otherwise, the stan-
the acquisition requirements. dard commercial warranty applies.
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SENSORS, TEMPERATURE, FIBER OPTIC (NAVAL SHIPBOARD USE)

The following appendix to supplementary requirements established for U.S. Naval shipboard application shall apply when specified in the
contract or purchase order. When there is conflict between the standard (ASTM F 2362) and this supplement’s appendix, the requirements o
this supplement’s appendix shall take precedence for equipment acquired by this supplement’s appendix. This document supercedes MIL-S-

24795, Sensors, Temperature, Fiber Optic (Naval Shipboard Use), for new ship construction.

S48. Scope MIL-STD-461 Requirements for Control of Electromag-
S48.1 This supplement covers single-channel, fiber Opti@etic Interference Characteristics of Subsystems and Equip-
temperature sensors designed to meet the requirements for U§&Nt . ) )
onboard naval ships. MIL-STD-2042 Fiber Optic Topology Installation Standard
S48.2 This specification covers the requirements for singleMethods for Naval Ships
channel, fiber optic temperature sensors for general applica- S49.2.2Military Specifications:
tions. The fiber optic temperature sensor usually consists of the MIL-S-901 Shock Tests, H.l. (High-Impact); Shipboard
sensor head that is in contact with the measured medid/achinery, Equipment Systems, Requirements for
embedded in babbitt material, or housed inside a thermowell. MIL-C-5015 Connector, Electrical, Circular Threaded, AN
Using connectorized fiber optic cable, a separate optolype, General Specification for
electronics module translates the optical input to a continuous MIL-S-19622 Stufing Tubes, Nylon; and Packing Assem-
linear proportional analog electrical signal or other outputblies; General Specification for
signal such as optical or digital. MIL-S-19622/1 Stuffing Tubes, Straight, Nylon
S48.3 The U.S. Government preferred system of measure- MIL-S-19622/17 Stufing Tube, Nylon, Size 2: Packing
ment is the metric SI system. However, since this item wa#ssemblies for
originally designed using inch-pound units of measurement, in MIL-E-24142 Enclosures for Electrical Fittings and Fix-
the event of conflict between the metric and inch-pound unitstures, General Specification for

the inch-pound units shall take precedence. MIL-E-24142/3 Enclosure for Electrical Fittings and Fix-

tures, Submersible, Size 6 by 9 (15 Foot)

S49. Referenced Documents MIL-M-24794 Material, Index Matching, Fiber Optics
S49.1 Commercial Documents: MIL-F-49291 Fiber, Optical, (Metric), General Specifica-
S49.1.1ASTM Standard$: tion for
B 23 Specification for White Metal Bearing Alloys Known  MIL-C-83522 Connectors, Fiber Optic, Single Terminus,

Commercially as “Babbitt Metal” General Specification for
B 117 Test Method for Salt Spray (Fog) Testing MIL-C-83522/16 Connector, Fiber Optic, Single Terminus,
D 542 Test Method for Index of Refraction of TransparentPlug, Adapter Style, 2.5 Millimeter Bayonet Coupling, Epoxy

Organic Plastics MIL-C-83522/17 Connector, Fiber Optic, Single Terminus,
D 570 Test Method for Water Absorption of Plastics Adapter, 2.5 Millimeter Bayonet Coupling, Bulkhead Panel
S49.1.2 Other Commercial Documents: Mount
ANSI/ISA S37.1 Electrical Transducer Nomenclature and MIL-C-83522/18 Connector, Fiber Optic, Single Terminus,

Terminology"° Adapter, 2.5 Millimeter Bayonet Coupling, PC Mount

ASME PTC 19.3:1 Thermowells (Power Test Codes, Instru- MIL-C-85045 Cables, Fiber Optic, (Metric), General Speci-
ments and Apparatus, Part 3, Temperature Measurehhent) fication for

RS-422 Electrical Characteristics of Balanced Voltage Digi- MS3452 Connector, Receptacle, Electric, Box Mounting,

tal Interface Circuft? Rear Release, Crimp Contact, AN Type with
S49.2 Government Documents: MS3456 Connector, Plug, Electrical, Rear Release, Crimp
S49.2.1 Military Standards: Contact, AN Type

MIL-STD-167-1 Mechanical Vibrations of Shipboard
Equipment (Type |—Environmental and Type ll—Internally g5 Terminology

Excited) S50.1 Terminology Definedferms marked with (ANSI/
ISA S37.1) are taken directly from ANSI/ISA S37.1 (R-1982)

o . ) and are included for the convenience of the reader.
For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM S50.2 Definitions—erminology ppn&stent with _ANSI/ISA
Standards/olume information, refer to the standard’s Document Summary page onS37.1 shall apply, except as modified by the definitions listed
the ASTM website. as follows:

19 Available from American National Standards Institute (ANSI), 25 W. 43rd St., . . .
4th Floor, New York, NY 10036. S50.2.1ambient conditions-eenditions such as pressure

11 pvailable from American Society of Mechanical Engineers (ASME), ASME and temperature of the medium surrounding the case of a
International Headquarters, Three Park Ave., New York, NY 10016-5990. sensor (ANSI/ISA S37.1).

12 Available from Electronic Industries Alliance (EIA), 2500 Wilson Bivd., S50.2.2 babbitt—metal material commonly used in bearing
Arlington, VA 22201. - . . ) . -

3 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,"71nd temperature sensor installations which wears in with

Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098. equipment operation providing a wear surface and heat transfer
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medium. Babbitt is softer than the base or substrate material S50.2.18sensitivity factor-the ratio of fiber optic tempera-
and softer than mating component materials, where applicabléure sensor output signal percentage change of span to applied

S50.2.3bare-bulb type sensor headsensor head design Path temperature percentage change of span.

where the sensing element is exposed directly to the processS50.2.19sensor elementthat part of the sensor that re-
fluid being measured. sponds directly to the measurand (ANSI/ISA S37.1).

S50.2.20sensor head-+the transduction element of a fiber
measurands are applied to the sensor and corresponding out ic temperature sensor that detects temperature via changes

readings are recorded under specific conditions (ANSIISA™ OPtical properties. . .
S37 '1)9 u pecit . ( S50.2.21sheath-the protective covering of a sensor ele-

. ment.
S50.2.5embedded type sensor heasisasor head design S50.2.22SI (Le Systeme International d’Unites) units—

which is embedded in babbitt material which isolates theunits of measurement recognized by the CIPM (Comite’
sensor element from the process fluid and, in some inStaanﬁternational des Poids et Mesures)

moving or rotating components, but still allows the tempera- S50.2.23signal conditioner-an electronic device that

ture to be monitored. N - makes the output signal from a transduction element compat-
S50.2.6environmental conditionsspecified external con- iple with a readout system.

ditions such as shock, vibration and temperature to which a $50.2.24span—the algebraic difference between the limits

sensor may be exposed during shipping, storage, handling, ag#l the measurement range.

operation (ANSI/ISA S37.1). S50.2.25static error band—the maximum deviation from a
S50.2.7 error—algebraic difference between the indicatedstraight line drawn through the coordinates of the lower range

value and the true value of the measurand (ANSI/ISA S37.1)limit at specified sensor output and the upper range limit at

S50.2.8fiber optic temperature sensoe-elevice that con- specified output expressed in percentage of sensor span.
verts sensed temperature to a proportional output signal via S50.2.26thermowell—a pressure tight receptacle adapted to
changes in fiber optic properties. The fiber optic temperaturéeceive a temperature sensing element and provided with the
sensor normally consists of a sensor head, opto-electroni@(temm threads or other means for pressure tight attachment to
module, and connectorized fiber optic cable. the vessel. _

S50.2.9 hysteresis-the difference in sensor output when S50.2.27thermowell type sensor headsensor head design

compared at the same temperature under the same environm lich is mtelnded ttc} be utied with a tger(;nk;)vyell which 'S%:ati.sl
tal conditions with one data point taken with ascending € sensor element from the process fiuld being measured while

temperature and another with descending temperature. maintaining the pressure bounr_jary. .
. ) . S50.2.28warm-up time-the time required for a sensor to
S50.2.100perating environmental conditions—

; .S _ . operate within specified requirements after being re-energized
environmental conditions during exposure to which a sensof.o 1 4 cold (ambient) state.

must perform in some specified manner (ANSI/ISA S37.1).
S50.2.11optical—nvolving the use of light sensitive de- S51. Classification

vices to acquire information. _ S51.1 Design Type-Fhe fiber optic temperature sensor
S50.2.12optical fiber—a very thin filament or fiber, made of shall consist of a series of designations which shall be assigned
dielectric materials, that is enclosed by material of lower indexand listed in the format below.

of refraction and transmits light throughout its length by Example: ASTM F2362548-T4-DC-A-VC-2
internal reflections.

S50.2.4 calibration—test during which known values of

Specification Type Input Opto-Electronics Signal Range
S50.2.130pto-electronics modulea-€component of the fiber Power Module Output
optic temperature sensor that contains the optical source and F2362548 S;f ) S'glcs SSAl 4 3\5/105 3521 6

detector, and signal conditioner devices necessary to convert _
the sensed temperature to a specified output signal. S51.2 Type—he sensor head type shall be designated as
S50.2.14output—electrical or numerical quantity, produced follows:

: . T1—Thermowell (see Fig. S8 and Fig. S9)
by a sensor or measurement system, that is a function of the : ;
applied measurand. T2—Thermowell (see Fig. S8 and Fig. S9)

) , T3—Thermowell (see Fig. S8 and Fig. S9)
S50.2.15range—measurand values over which a sensor is  14_Thermowell (see Fig. S8 and Fig. S9)

intended to measure, specified by their upper and lower limits  £p_—Embedded (Bearing Applications, see Fig. S8 and
(ANSI/ISA S37.1). Fig. S10)
S50.2.16repeatability—ability of a sensor to reproduce B1—Bare-bulb (see Fig. S11)
output readings when the same measurand value is applied to B2—Bare-bulb (see Fig. S11)
it consecutively, under the same conditions, and in the same s51.3 Input Power—Fhe input power required to operate
direction (ANSI/ISA S37.1). the opto-electronics module shall be designated as follows:
S50.2.17response timethe time required for a sensor to DC—28 V direct current (Vdc)
indicate a step change in temperature or the time difference  AC—115 V alternating current (\Vac)
between an actual step change in temperature applied and theS51.4 Opto-electronics ModuleFhe opto-electronics mod-
corresponding change in sensor output. ule type shall be designated as follows:
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CONNECTION
HEAD EXTENSION
LENGTH A
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15.5mm %
(MlN)
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INSERTION LENGTH |/
INTO THERMOWELL

7
%
/|

L/
Y Y J

MIL-C—83522 MATED
CONNECTOR PAIR INSIDE

FIBER OPTIC CABLE (g

\ STUFFING TUBE

(MIL-S—19622)

3/4-28 UNS-2B

THERMOWELL IN ACCORDANCE WITH

ASME B40.9 SUPPLEMENT 1
(THERMOWELL NOT SUPPLIED

WITH THERMOWELL CONFIGURATION)

FIG. S8 Thermowell Type Sensor Head Assembly

A—Junction box enclosure
B—Control console module
C—Monitoring and alarm panel module
S51.5 Signal Output—Fhe signal output shall be designated
as follows:
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FIG. S9 Sensor Head Sheath Construction

A
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FIG. S10 Embedded Type Sensor Head Assembly

3/4~16 UNF-3A THD

B
( )
[] FIBER OPTIC CABLE (%
f W
et (i \ STUFFING TUBE
(MIL-S-19622)
et A -
FIG. S11 Bare-bulb Type Sensor Head Assembly
O—Digital optical output S52.1 Acquisition RequirementsAequisition documents
E—Digital electrical output should specify the following:
S51.6 Range—Fhe sensor measurement range shall be des- (1) Title, number, and date of this specification,
ignated as follows: (2) Quantity of fiber optic temperature sensors required,
1: -40 to 150°C (-40 to 302°F) (3) Fiber optic temperature sensor classification required:
2: 0 to 300°C (32 to 572°F) (a) Sensor type
3: -40 to 300°C (-40 to 572°F) (b) Input power’
S52. Ordering Information (c) Opto-electronics module,

S52.1 The purchaser shall provide the manufacturer with all  (d) Signal output, and
of the pertinent application data shown in accordance with (€) Range.
S52.2. If special application operating conditions exist that are (4) When qualification inspection is required,
not shown in the acquisition requirements, they shall also be (5) Final disposition of qualification test samples,
described. (6) National Stock Number (NSN) if available,
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(7) Unique product marking requirements, and ment parts with respect to form, fit, and function, and maintain
(8) Unique preservation, packaging and marking requirethe specified accuracy requirements.
ments. S54.1 Sensor Head-Fhe sensor head shall detect the sur-
rounding temperature. The sensor head shall be passive in
S53. Materials and Manufacture nature by detection of temperature through a change in optical

S53.1 Sensing ElementsFae materials for all wetted parts propertie_s. Neither electrical nor electronic components shall
shall be selected for long term compatibility with the process?€ used in the construction of the sensor head.
medium. For example, corrosion resistant steel or monel are S54.1.1Thermowell Type-Fhe sensor head shall be con-
Compatib|e with |0ng term exposure to seawater. structed in accordance with Flg S8 and F|g S9. The sensor
S53.2 Metals—nless otherwise specified herein, all metalshead dimensions shall be in accordance with Fig. S8 and Fig.
used in the construction of the sensor shall be corrosio9- The sensor head shall have a weight not greater than 1 kg.
resistant. Dissimilar metals shall not be used in close physical S54.1.2Embedded TypeFhe sensor head shall be con-
contact with each other unless suitably finished to prevenﬂructed in accordance with the dimensions shown in Fig. S10.
electrolytic corrosion. Materials used to fabricate the sensofhe babbitt topping material shall be in accordance with
head for the embedded configuration shall have a BrinelSpecification B 23 (grade 2).
hardness less than 170 to ensure that shaft scoring does notS54.1.3Bare-bulb Type—Fhe bare-bulb type sensor head
occur. dimensions shall be in accordance with Fig. S11. The sensor
S53.3 Flammable Materials-Materials used in the con- head shall have a weight not greater than 1 kg (2.2 Ib). The
struction of the sensor shall, in the end configuration, besensor sheath shall be designed to withstand application
noncombustible or fire retardant in the most hazardous condionditions of 37.66 Mpa (5500 pounds per square inch), 210°C
tions of atmosphere, pressure and temperature to be expect@l0°F), and an open air flow velocity of 12.2 m (40 ft) per
in the application. Fire retardant additives may be usedecond. Conformance shall be proven by using a mathematical
provided they do not adversely affect the specified performanceodel approved by the Power Test Code Thermometer Wells,
requirements of the basic materials. Fire retardance shall not &SME PTC 19.3:1.
achieved by use of nonpermanent additives to the basic S54.2 Opto-electronics Module:
material. S54.2.1Junction Box Enclosure (Type AJFhe opto-
S53.4 Fungus Resistant MaterialsMaterials used in the electronics shall be housed in a junction box. MIL-E-24142
construction of the sensor shall be fungus inert materials. and MIL-E-24142/3 may be used as guidance for the junction
S53.5 Solvents, Adhesives, and Cleaning Agertsany  box. At a minimum, the dimensions, mounting requirements,
chemicals or cements are used in bonding of internal compaand cable entrance shall be in accordance with MIL-E-24142
nents, no degradation shall result during in-service use. and MIL-E-24142/3. The opto-electronics module shall have a
S53.6 Refractive Index Matching Gels, Fluids, or weight no greater than 4.5 kg (9.92 Ib).
Compounds-Refractive index matching gels, fluids, or com- S54.2.2Control Console Module (Type B)Fhe opto-
pounds shall be in accordance with MIL-M-24794 and shallelectronics shall be packaged in a circuit card which is a
not produce toxic, corrosive, or explosive byproducts. Themodular subassembly of a control console. Design and test
material is subject to a toxicological data and formulationsrequirements for the opto-electronics module shall be as
review and inspection, for safety of material, by the purchasespecified in the acquisition requirements.
The index matching material shall be either silicone or ali- S$54.2.3Monitoring and Alarm Panel Module (Type C)—
phatic hydrocarbon material and shall be clear and transparenthe opto-electronics shall be packaged in a module which is a
The index matching material shall have an index of refractionsubassembly of a bulkhead mounted temperature monitoring
of 1.46+ 0.01 as tested in accordance with Test Method D 54Znd alarm panel. Design and test requirements for the opto-
when exposed to operating temperature extremes betweeffectronics module shall be as specified in the acquisition
-28°C and +85°C (-18.4 and 185°F). The index matchingequirements.
material shall not flow at elevated temperatures. The index g54 3 Fiber Optic Cable:
matching material shall remain clear and transparent when s54 3.1 Thermowell and Bare-bulb Sensor TypeEhe
tested for water absorption in accordance with Test Method.4pe ysed to interface the sensor head and the opto-electronics
D 570. The index matching nlatenal sha!l have a shelf life noty,qyle shall have an outer diameter of a four fiber cable in
less than 36 months at 25 5°C (77 = 9°F). The 36 month  5cordance with MIL-C 85045. In the cable, there shall be no
period commences on the date of adhesive manufacture.  ggg than two times the number of fibers required for operation
. ) of the sensor. The cable shall be supplied with a stuffing tube
S54. Physical Properties (size 2, military part number M19622/1-002 in accordance
Fiber optic temperature sensors convert the thermal energyith MIL-S-19662/1), and packing assembly (military part
surrounding the sensor head to a continuous linear analog dmmber M19622-17-0001 in accordance with MIL-S-19662/
signal or specified digital output throughout a specified meal7) in accordance with MIL-S-19622, and an o-ring installed
surement range. The fiber optic temperature sensor shadn each end of the cable to accomplish watertight penetration
consist of a sensor head, opto-electronics module, and fibénto the sensor head and opto-electronic module. The o-rings
optic cable interconnect. All parts of the fiber optic temperaturaised shall be petroleum hydraulic fluid resistant and shall be
sensor shall be interchangeable with the appropriate replaceated to perform in high temperature applications 135°C
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(275°F). Exposed single fiber optical fiber cable componenbutput signal is specified, connectors shall be as specified in the
shall not be used over distances greater than one meter. Thequisition requirements. The appropriate connector assembly
cable length shall be as specified in the acquisition requireand pin designations for each of the possible fiber optic
ments. temperature configurations shall be as specified as follows.

S54.3.2Embedded Sensor Typ&he cable used to inter-  S54.3.7.1DC Input Power—Fhe receptacle mounted to the
face the sensor head and a local interconnection box shall be gpto-electronics module shall be classification MS3452W14S-
accordance with MIL-C-85045. The cable length shall be agpx in accordance with MS3452. Receptacle pin “A” shall be
specified in the acquisition requirements. o positive 28Vdc input power, pin “B” shall be negative 28Vdc

S54.3.3Optical Fiber—Optical fiber used to transmit light input power, pin “C” shall be the case ground, pin “D” shall be
between the opto-electronics module and the sensor head shglsitive mA or high Vdc output signal, and pin “E” shall be the
be in accordance with MIL-F-49291. negative mA or low Vdc output signal. The mating plug

S54.3.4Fiber Optic Connectors, Receptacles, and Bulk-supplied with the fiber optic temperature sensor shall be
head Adapters-Adl fiber optic connectors, receptacles, and classification MS3456W14S-5SX in accordance with MS3456.
bulkhead adapters shall be in accordance with MIL-C-83522 gg4 3 7.2AC Input Power—Fhe receptacle mounted to the
and MIL-C-83522/16,17,and 18, respectively. The fiber opticyyiq_electronics module shall be classification MS3452W14S-
cable for the thermowell sensor type shall be terminated at botBpy in accordance with MS3452. Receptacle pin “A” shall be

ends with connectors. The fiber optic cable for the embeddeﬂositive 115 Vac input power, pin “B” shall be input power
and bare-bulb sensor configurations shall be terminated with turn pin “C" shall be the (,:ase ground, pin “D” shall be

connector at the end which interfaces with the opto-electronif) o ; - PR
., positive mA or high Vdc output signal, and pin “E” shall be the
module. MIL-STD-2042 method 5B1 may be used as guid- egative mA or low Vdc output signal. The mating plug

ance. The connectors and receptacles shall be mounted inSigﬁpplied with the fiber optic temperature sensor shall be

the sensor head (thermowell sensor type only) and the optQy. cqirication MS3456W14S-5SX in accordance with MS3456.
electronic module.

S54.3.5Electrical Input Power—-Nominal steady-state 554.3.8Adjustments-Ameans may be provided for adjust-

power supply requirements for ac shall be 1t58 Vac, 60 ing_ the_ output signal of th(_a opto-electr_onics module for
Hertz, single phase. Nominal steady-state power supply reC_allbratlon purposes. If provided, the adjustments shall be
quirer,nents for dc shall be 28 4.5 Vdc. The sensor shall situated in the opto-electronics module so that calibrations can

operate with power supply variations as specified (see 858.8.[19 performed with the fiber optic temperature sensor energized.

through S58.8.6). S54.3.9Fuses—Fhe opto-electronics module shall not be

S54.3.60utput Signal: fused.

S54.3.6.1Current Output-When a current output is re-
quired, the output signal shall be directly proportional to the
temperature being measured. The 4 mA output shall corre- S55.1 Accuracy—Fhe fiber optic temperature sensor output
spond to the lower temperature range value and the 20 mAignal accuracy shall be withitr1 % of span (see S58.1).
output shall correspond to the_ upper temperature range value.ggg 2 Repeatability-Fhe fiber optic temperature sensor
The current output §hgl| remain accurate regardless of externghtput signal repeatability at each temperature point shall not
load resistance variations over a range of 0 to 250 . change in value more than 0.5 % of span (see S58.2).

S54.3.6.2Voltage Output-when a voltage output is re- g5 3 peference MeasuremenThe fiber optic temperature

quired, the output signal shall be directly proportional to the., o, output signal accuracy shall be withid % of span
temperature being measured. The lower dc voltage output sheg ee S58.3)

correspond to the lower temperature range value and the higher T . . .

dc voltage output shall correspond to the upper temperature S55.4 Sensitivity Factor—Fhe ratio of the fiber optic tem-

range value. The voltage output shall remain accurate regar€'aiure sensor output signal percentage change of span to

less of external load resistance greater than 100dypical ~ 2PPlied bath temperature percentage change of span shall not
voltage outputs include 0-5 Vdc, 0-10 Vdc and 0-12 Vdc, ~ € less than 0.75 nor greater than 1:25 (see 858?4). _
S54.3.6.3Digital Optical Output-When a digital optical ~ S55-5Response TimeResponse time of the fiber optic
output is required, the output signal specifications shall bd&€mperature sensor output signal accuracy shall be not greater
specified in the acquisition requirements. than 8 s for the thermowell sensor type, not greaten tha for
S54.3.6.4Digital Electrical Output—When a digital electri- e embedded sensor type, and not greater than 15 s for the

cal output is required, the electrical characteristics shall b&@are-bulb sensor type (see S58.5).

those specified in EIA standards RS-422 for balanced voltage S55.6 Warm-up Time—Fhe fiber optic temperature sensor
digital interface circuitry or as specified in the acquisition Output signal accuracy at the bath temperature shall be within
requirements. The data format shall also be specified in th&1 % of span within 1 min after the sensor is energized (see
acquisition requirements. S58.6).

S54.3.7 Electrical Connectors-A single electrical recep- S55.7 Steady-state Supply Voltage and Frequency (AC) or
tacle in accordance with MIL-C-5015 shall be used to interfaceSupply Voltage (DC)-Fhe fiber optic temperature sensor
with the input power and linear output signal to the opto-output signal shall be withint1 % of span throughout the
electronics module. When a digital optical or digital electricallimits of supply voltage and frequency (see S58.7).

S55. Performance Requirements
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S55.8 Transient Voltage and Frequency (AC) or Voltage S56. Workmanship, Finish, and Appearance

(DC)—The fiber optic temperature sensor output signal accu- s56.1 Cleaning and Surface FinishesSsrfaces of castings,
racy shall be withint1 % of span when subjected to transient forgings, molded parts, stampings, machined and welded parts
voltage and frequency (see S58.8). shall be free of defects such as cracks, porosity, undercuts,
S55.9 Insulation ResistanceFhe insulation resistance of voids and gaps as well as sand, dirt, fins, sharp edges, scale,
the fiber optic temperature sensor between circuits and betwedlux, and other harmful or extraneous materials. External
circuits and ground shall not be less than 10 megohms (semurfaces shall be smooth and edges shall be either rounded or
S58.9). beveled. There shall be no burn-through. There shall be no

S55.10Power Interruption—Fhe fiber optic temperature Warpage or dimensional change due to heat from welding
sensor output signal accuracy shall h& % of span during OPeration. There shall be no damage to adjacent parts resulting
short duration power interruptions (see S58.10). from welding.

S55.11 Short Circuit—The fiber optic temperature sensor

output signal accuracy shall be withinl % of span after short S57. Number of Tests and Retests
circuit of the output signal lines (see S58.11). S57.1 The number of tests and retests, if any, shall be

S55.12Line Voltage Reversal (DC)Fhe fiber optic tem- SPecified in the acquisition requirements.
perature sensor output signal accuracy shall be wittir?o of
span after reversal of the input dc power lines (see $58.12).5°8 Test Methods

S55.13 Temperature—Fhe fiber optic temperature sensor S°8.1Accuracy—¥he sensitive portion of the sensor head
output signal accuracy shall be withinl % of span over the shall be immersed in a temperature bath and the fiber optic

ambient temperature range of 0 to 65°C (32 to 149°F) (Seéemperature sensor output signal shall be measured at 5, 25, 50,
S58.13). 75 and 95 % of the fiber optic temperature sensor span.

i . Accuracy shall conform to S55.1.
S55.14 Enclosure—the fiber optic temperature sensor out- S58.2 Repeatability—Fhe procedure specified in S58.1 shall
put signal accuracy shall be withitt1 % of span after b ted three successive times while maintaining tempera-
exposure to a coarse stream of water (see S58.14). € repeate o 3 - 9 P
. ture bath conditions. The fiber optic temperature sensor head
S55.15 Salt Spray-No corrosion or other damage shall be gha| he removed from the bath for not less than 2 min and
evident when exposed to salt spray and the fiber optie jmmersed at a repeatable depth for consecutive measure-
temperature sensor output signal accuracy shall be wittin - ments at each of the five temperature points. The fiber optic
% of span (see S58.15). temperature sensor output signal shall conform to S55.2.
S55.16 Over-temperature+he sensor head shall show no  S58.3 Reference Measurementhe sensitive portion of the
evidence of physical damage when exposed to the limits ofensor head shall be immersed in a temperature bath and the
over-temperature and the reference measurement results shiider optic temperature sensor output signal shall be measured
conform to S55.3 (see S58.16). at 5, 50, and 95 % of the fiber optic temperature sensor span.
S55.17 Accelerated Life-Fhe sensor head shall show no System accuracy shall conform to S55.1.
evidence of physical damage when exposed to operating S58.4 Sensitivity Factor—Fhe sensitivity factor shall be
conditions which simulate accelerated life and the referencéetermined using the following procedure. Immerse the sensi-
measurement results shall conform to S55.3 (see S58.17). tive portion of the sensor head in a temperature bath and allow
S55.18 Vibration—The fiber optic temperature sensor shall @MPIe time to stabilize at a temperature of 8 % of span.
operate without interruption and show no evidence of physical1€asure both the bath temperature and the fiber optic tempera-
damage when exposed to vibration in accordance with M1 ture sensor output signal. Increase the bath temperature by an

STD-167-1. The reference measurement results shall conforf{ount not greater tial % of thefiber optic temperature
to S55.3 (see S58.18). sensor span. Measure both the new bath temperature and the

S55.19 Shock-Fhe fiber optic temperature sensor shallf'ber optic temperature sensor out put signal. Calculate the

operate without interruption and show no evidence of physicaihange in both bath temperature and fiber optic temperature
damage when exposed to shock in accordance with MIL-S>ensor output signal as a percentage of the fiber optic tempera-

ture sensor span. Determine the ratio of the output signal

901. The reference measurement results shall conform to 855p rcentage change to applied bath temperature percentage

(see 558.19). ] o change in terms of fiber optic temperature sensor span. Repeat
S55.20Electromagnetic Interference (EMI) Emission and this procedure for a bath temperature decrease not greater than

Susceptibility—Fhe fiber optic temperature sensor shall be iny o4 of span. Performance shall conform to S55.4.

accordance with the requirements of MIL-STD-461 revision E, g58.5 Response TimeFhe response of the fiber optic

or later: CE101 (Submarine application only), CE102, CS101temperature sensor shall be determined using the following
CS114, CS116, RE101, RE102, RS101, and RS103 (sqfocedure:
$58.20). (1) Bath medium: water
S55.21 Pressure—Fhe fiber optic temperature sensor shall (2) Origin bath temperature: 10°C (50°F)
operate without interruption when exposed to a babbitt surface (3) Destination bath temperature: 82°C (180°F)
pressure of 12.4 MPa (1800 psi). The reference measurement(4) Initial temperature (T1): 26°C (79°F)
shall conform to S55.3 (see S58.21). (5) Final temperature (T2): 62°C (144°F)
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The response time shall be determined as the time required S58.8.6 Transient Voltage Lower Limit (DC)With the
for the fiber optic temperature sensor output signal to tracKiber optic temperature sensor operating at a voltage of 23.5
from T1 to T2 after the sensor head in transferred from the/dc, the voltage shall be decreased to 21.5 Vdc, and then
origin bath to the destination bath. The response time of thncreased back to the steady-state voltage of 23.5 Wdc2 s
fiber optic temperature sensor shall be the average of not legperiod.
than six readings taken during not less than six consecutive S58.9 Insulation ResistanceFhe insulation resistance of
trials. Performance shall conform to S55.5. the opto-electronics module circuits shall be determined by
S58.6 Warm-up Time-Warm-up time shall be determined applying 50 Vdc between electrical input and output circuits
using the following procedure. Allow the sensitive portion of and between these circuits and the ground. The insulation
the sensor head to stabilize at a bath temperature df 80%  resistance measurement shall be made immediately after a 2
of the fiber optic temperature sensor span. De-energize the fibarin period of uninterrupted test voltage application. If the
optic temperature sensor for no less than 2 h. Energize the fib@rdication of insulation resistance meets the specified limit (see
optic temperature sensor and monitor the output signal aS55.9) and is steady or increasing, the test may be terminated
necessary to ensure conformance to S55.6. before the end of the 2 min period. Performance shall conform
S58.7 Steady-state Supply Voltage and Frequency (AC) oto S55.9.
Supply Voltage (DC)-Fhe fiber optic temperature sensor S58.10Power Interruption—Fhe fiber optic temperature
output signal shall be monitored for no less than 15 min asensor shall be energized and the output signal monitored at
normal, maximum, and minimum steady-state voltage andmbient temperature throughout the test. The external power
frequency conditions as specified in S58.8. The fiber optisupply shall be suddenly interrupted, and after an interval not
temperature sensor shall be subjected to each of the applicabiéss than 4 s, the power supply shall be reapplied to the fiber
power supply conditions for no less thal h atambient optic temperature sensor. Performance shall conform to
temperatures of 0, 25, and 65°C (32, 77, and 149°F). The fibe®55.10.
optic temperature sensor signal output shall be measured afterS58.11 Short Circuit—The fiber optic temperature sensor
not less tha 1 h ateach test condition. This test may be shall be de-energized and the positive and negative electrical
performed in conjunction with the temperature test (seeutputterminals of opto-electronics module shall be connected
S58.13). Performance shall conform to S55.7. directly together, with no load resistance. The fiber optic
S58.8 Transient Supply Voltage and Frequency (AC) ortemperature sensor shall be energized for 5 min, then deener-
Supply Voltage (DC)-Fhe fiber optic temperature sensor gized and the short circuit removed. The fiber optic tempera-
output signal shall be monitored at ambient temperature duringure sensor shall be energized and the output signal measured
each test procedure defined below. Performance shall conforat ambient temperature. Performance shall conform to S55.11.
to S55.8. S58.12Line Voltage Reversal (DC)¥he positive 28 Vdc
S58.8.1 Transient Voltage Upper Limit (AC)Wth the fiber  power input shall be applied to connector pin “B” and the
optic temperature sensor operating at a voltage of 123 Vac, theference shall be applied to connector pin “A.” The power
voltage shall be increased to 138 Vac, and then decreased baslpply shall be energized for a period of no less than 10 min.
to the steady-state voltage of 123 Vacd 2 speriod. The fiber optic temperature sensor output signal shall be
S58.8.2 Transient Voltage Lower Limit (AC)With the fiber ~ measured at ambient temperature. The fiber optic temperature
optic temperature sensor operating at a voltage of 107 Vac, treensor shall be de-energized and the power supply connections
voltage shall be decreased to 92 Vac, and then increased baskall be reversed to normal polarity. The fiber optic tempera-
to the steady-state voltage of 107 Vacd 2 speriod. ture sensor shall then be energized for no less than 5 min before
S58.8.3Transient Frequency Upper Limit (AC)4th the  the output signal is measured at ambient temperature. Perfor-
fiber optic temperature sensor operating at a frequency of 6tance shall conform to S55.12.
Hz, the frequency shall be increased to 63.5 Hz, and then S58.13 Temperature—Fhe fiber optic temperature sensor
decreased back to the steady-state frequency of 621ld2is  shall be positioned in an environmental chamber in an ener-
period. gized state, and shall be subjected to the following conditions
S58.8.4Transient frequency lower limit (AC)With the  consecutively:
fiber optic temperature sensor operating at a frequency of 58 (1) Hold temperature at & 2°C (32 * 3.6°F) for 24 h,
Hz, the frequency shall be decreased to 56.5 Hz, and then (2) Increase temperature in steps of 10°C (18°F) at 30 min
increased back to the steady-state frequency of 58Hz2 s  per step until 65+ 2°C (149=+ 3.6°F) is achieved,
period. (3) Hold temperature at 65 2°C (149=+ 3.6°F) for 24 h,
S58.8.5Transient Voltage Upper Limit (DC)With the and
fiber optic temperature sensor operating at a voltage of 32.5 (4) Reduce temperature in steps of 10°C (18°F) at 30 min
Vdc, the voltage shall be increased to 34.5 Vdc, and themer step until 25+ 2°C (77 = 3.6°F) is achieved.
decreased back to the steady-state voltage of 32.5Vdis Measure the fiber optic temperature sensor output signal at
period. one point during the last hour of operation at each temperature
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plateau, that is 0, 25, and 65°C (32, 77, and 149°F). Perfoment (see S55.3) shall be performed at the conclusion of the
mance shall conform to S55.13. over-temperature test. Performance shall conform to S55.16.
S58.14 Enclosure—Fhe fiber optic temperature sensor head S58.17 Accelerated Life-Fhe sensitive portion of the sen-
and no less than a two meter section of the attached cabkor head shall be thermally cycled between the following
interconnect shall be mounted to a surface which extends nemperatures for 1500 cycles at a rate not greater than 2 cycles
less tha 1 m (3.28 ft) beyond the sensor head on all sides s@er minute:
that splashing shall be produced by directing the water stream Sensor Range Temperature Cycling Points
on that surface. The fiber optic temperature sensor shall be -40 to 150°C (-40 to 302°F) Ambient to -30 * 2°C (-22 * 3.6°F)
de-energized throughout the test. The water stream shall be a ©© 300°C (32 o 572°F) Ambient to 285 = 2°C (545 + 3.6°F)
coarse spray with a flow rate of no less than 57 L (15 gal) per The fiber optic temperature sensor output signal shall be
second and a head pressure of no less &ha (9.84 ft). Ahead monitored during thermal cycling and observed for operation
pressure b3 m (9.84 ft) is defined as sufficient water pressurewithout interruption. A reference measurement (see S55.3)
so that if directed straight up, the stream of water shall rise tshall be performed at the conclusion of the thermal cycling test.
a height of no less tlma3 m (9.84 ft). The distance from the Performance shall conform to S55.17.
nozzle to the enclosure under test shall be approximately 2 m S58.18 Vibration—The fiber optic temperature sensor shall
(6.56 ft). The time of the test shall be no less than 5 min withbe tested in accordance with MIL-STD-167-1, type 1. Test
approximately equal portions of time for spray on each surfacdfjxtures shall be designed to simulate the shipboard installation
including joints of the enclosure and at the surface at which thef the sensor type. The fiber optic temperature sensor output
enclosed equipment is mounted. The fiber optic temperaturgignal shall be monitored throughout the test and visually
sensor components shall be examined at the immediate coaxamined for operation without interruption, especially at
clusion of the test for moisture penetration. The fiber opticresonant frequencies. The fiber optic temperature sensor shall
temperature sensor shall be energized and the output sigria¢ visually examined for physical damage during and at the
monitored at ambient temperature at the conclusion the testonclusion of the test. A reference measurement in accordance
Performance shall conform to S55.14. with S55.3 shall be performed at the conclusion of the test.
S58.15 Salt Spray (Fog)-Fhe fiber optic temperature sen- Performance shall conform to S55.18.
sor head and no less tha 1 m(3.28 ft) section of the attached = S58.19 Shock—Fhe fiber optic temperature sensor shall be
cable interconnect shall be subjected to salt spray in accofully assembled, energized, and tested in accordance with
dance with Test Method B 117. This test is not applicable to thegrade A, class 1, type A of MIL-S-901. Test fixtures shall be
embedded sensor configuration since it will be secured in designed to simulate the shipboard installation of the sensor
bearing. The fiber optic temperature sensor shall be deype. The fiber optic temperature sensor shall be visually
energized throughout the test. Duration of the test shall be 96xamined for physical damage after each hammer blow and at
h. The fiber optic temperature sensor components shall bine conclusion of the test. A reference measurement in accor-
examined at the immediate conclusion of the test for corrosionlance with S55.3 shall be performed at the conclusion of the
and moisture penetration. The fiber optic temperature senstest. Performance shall conform to S55.19.
shall be energized and the output signal monitored at ambient S58.20 EMI Emission and SusceptibilityEMI tests shall
temperature at the conclusion of the test. Performance shdile in accordance with the test methods specified in MIL-STD-
conform to S55.15. 461 revision E, or later. Performance shall conform to S55.20.
S58.16 Over-temperature-Fhe sensitive portion of the fi- S58.21 Pressure-A reference measurement (see S55.3)
ber optic temperature sensor head shall be rapidly transferreshall be performed prior to the test to ensure the sensor head is
from ambient conditions to a temperature bath stabilized at 1260t defective. The sensor head under test shall be installed in a
% of the fiber optic temperature sensor full scale temperaturdixture made from mild steel. The critical dimensions to which
The sensor head shall remain immersed in the bath for 15 mithe fixture shall conform are shown on Fig. S12. The 19.05 mm
and then returned to ambient conditions. A reference measur€d.75 in.) diameter counterbore shall contain Specification
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FIG. S12 Pressure Test Fixture
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B 23 (grade 2) babbitt flush with the test fixture surface. The

babbitt surface shall then be exposed to a gauge pressure
12.411+ 0.07 MPa (1800+ 10 pounds per square inch) for

not less than 5 min. The fiber optic temperature sensor output
signal shall be monitored during the test and examined for
operation without interruption. The babbitt shall be removed

TABLE S22 Quality Conformance Testing

of Examination and Tests Requirement Procedure
General examination --- S59.4
Accuracy S55.1 S58.1
Repeatability S55.2 S58.2
Insulation resistance S55.9 S58.9

from the 19.05 mm (0.75 in.) counterbore and a reference

measurement (see S55.3) shall be performed. Performan
shall conform to S55.21.

S59. Inspection

S59.1 Classification of InspectionsFhe inspection require-
ments specified herein are classified as follows:

(a) Qualification testing, and

(b) Quality conformance testing.

S$59.2 Qualification Testing-Qualification testing shall be
performed prior to production. Qualification testing shall be

performed on samples which have been produced with equig!
ment and procedures normally used in production. Qualifica

tion testing shall consist of the examinations and tests in th

order specified in Table S21. Failure of any sensor to meet the
b Y rings, forgings, molded parts, stampings, machined and welded

requirements of this specification shall be cause for rejectio

S59.2.1Sample SizeFwo fiber optic temperature sensors
of each lot shall be subjected to the qualification inspection.
inspection lot shall consist of all sensors of the same classif
cation (see C4), produced under essentially the same con
tions, in the same facility from the same materials and offere

Alf .
ig,cale, flux, and other harmful or extraneous materials. External

(ﬁ)yrfaces shall be smooth and edges shall be either rounded or

ce. . . .
Failure of any sensor to meet the requirements of this specifi-

cation shall be cause for rejection.

S59.4 General Examination-Each sensor shall be given a
thorough examination to determine conformance to the re-
quirements of this specification with respect to material, finish,
workmanship, construction, assembly, dimensions, weight and
marking of identification. Examination shall be limited to the
examinations that may be performed without disassembling the
units. Examination shall also include a check of all adjust-
nents. The manufacturer shall be responsible for ensuring that
materials used are manufactured, examined and tested in
gccordance with the specifications and standards as applicable.
S59.4.1Cleaning and Surface Finishessuifaces of cast-

parts shall be free of defects such as cracks, porosity, under-
uts, voids and gaps as well as sand, dirt, fins, sharp edges,

eveled. There shall be no burn-through. There shall be no

for delivery at the same time. One sample shall be subjected {§&/Page or dimensional change due to heat from welding

the tests of Group I. The two samples shall be supplied with th

length of cable required for the intended application, but shal

not be less than 30.5 m (100 ft). The Group Il test requires al

additional embedded sensor due to the destructive nature of tf ! X
,and energized throughout the duration of each test procedure.

test and shall only be accomplished for acquisitions fo
embedded designs.
S59.3 Quality Conformance Testingeach sensor in each

lot offered for delivery shall be subjected to the inspection

peration. There shall be no damage to adjacent parts resulting
rom welding.

S59.5 Test Conditions-Ynless otherwise specified herein,

e fiber optic temperature sensor(s) shall be fully assembled

Except where the following factors are the variables, the tests
shall be conducted with the equipment under the following
operating environmental conditions:

listed in Table S22 and shall be conducted in the order listed. (1) Ambienttemperature shall be 255°C (77+ 9°F), and

TABLE S21 Qualification Testing

Examination and Tests Requirement Procedure

Group |: One sample required

General examination --- S59.4
Accuracy S55.1 S58.1
Repeatability S55.2 S58.2
Sensitivity S55.4 S58.4
Response time S55.5 S58.5
Warm-up time S55.6 S58.6
Steady-state voltage and frequency S55.7 S58.7
Transient voltage and frequency S55.8 S58.8
Insulation resistance S55.9 S58.9
Power interruption S55.10 S58.10
Short circuit S55.11 S58.11
Line voltage reversal (dc) S55.12 S58.12
Temperature S55.13 S58.13
Enclosure S55.14 S58.14
Salt spray S55.15 S58.15
Over-temperature S55.16 S58.16
Accelerated life S55.17 S58.17
Vibration S55.18 S58.18
Shock S55.19 S58.19
EMI S55.20 S58.20
Group Il: One sample required

Pressure S55.21 S58.21
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(2) Relative humidity shall be ambient.

S60. Certification

S60.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
in this specification and the requirements have been met. When
specified in the purchase order or contract, a report of the test
result shall be furnished. It is recommended that all test data
remain on file for three years at the manufacturer’s facility for
review by purchaser upon request.

S61. Product Marking

S61.1 Opto-electronics ModuleEach opto-electronics
module shall be permanently and legibly marked in accordance
with the acquisition requirements. The following minimum
information shall be provided:

(1) Nomenclature,

(2) Design classification,

(3) National Stock Number (NSN) if available,

(4) Manufacturer’s name and model number,

(5) Temperature range,
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(6) Contract number, and WARNING

(7) A unigue serial number from the manufacturer.
S61.2 Sensor Head-Each sensor head shall be permanently UNTERMINATED OPTICAL CONNECTORS MAY

and legibly marked in accordance with the acquisition require- EMIT LASER RADIATION. DO NOT VIEW BEAM

ments. The following minimum information shall be provided: WITH OPTICAL INSTRUMENTS AND AVOID
(1) Nomenclature, DIRECT EXPOSURE TO BEAM.

(2) Design classification, A visible label shall be affixed to the sensor head and the
(3) National Stock Number (NSN) if available, inside of the opto-electronics module and shall contain the
(4) Manufacturer’'s name and model number, and following:
(5) A unique serial number from the manufacturer.
S61.2.1Embedded Sensor Headir-addition to the above, WARNING
the embedded sensor type shall use a removable metal tag ;g | £ | ASER RADIATION. AVOID EXPOSURE
which attaches to the cable interface for identification marking.
X . L TO THE BEAM.
The following notice shall be marked on the opposite side of .
the tag: The labels shall be yellow lettering on a black background.
NOTICE S62. Packaging and Package Marking
] ] ) S62.1 Fiber optic temperature sensors shall be individually
‘Reattach this tag to the cable interface after bearing  packaged and marked in accordance with Section 15.
insulation and keep affixed after the bearing is placed
in service. S63. Quality Assurance Provisions

S61.3 Warning Labels-A visible label shall be affixed to S63.1 Warranty—Special warranty requirements shall be
the outside of the opto-electronics module cover and shakpecified in the acquisition requirements. Otherwise, the stan-
contain the following: dard commercial warranty applies.

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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