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MILITARY SPECIFICATION

THERMOCOUPLE AND RESISTANCE TEMPERATURE DETECTOR ASSEMBLIES.
GENERAL SPECIFICATION FOR (NAVAL SHIPBOARD)

This Y[)(’(l]lc(lll()n is app/ovea jOl use by the Naval Sea Sysiems Command, Deparimeni of ihe
lvnl’) and is available jw use UV all departments and agencies "f the Deparmeni “f D’-‘fC‘r?S(

l—l
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Scope.  This spectlication covers environmentally hardened resistance thermometers and
Lhumomuok SENSOrs lhdl transform the surroundms_ thermal cnergy in a manner that can be
clectrically measurcd and converted to a temperature using a signal conditioner/temperature
monitor. Types of conligurations covered in this specification are those which place the resistance
thermometer or thermocouple sensor directly into the medium (bare bulb). into a thermowcll, or

embedded into a bearing.

1.2 Classification. Resistance thermometers and thermocouple sensors shall be classificed
according 10 the following variables:

Designation
Type Configuration number
{see 1.2.1) {see 1.2.2) {see 1.2.3)
1.2.1 type. The typc of resistance thermometer or thermocouple sensor shall be designated
e v aF the Gallaucina throo tottar comhale
\’) Ui Ul v lUllUV\lllb LHITLOC TV LI Oy HHiL7L g,
Type Svmbols
Tvpe K thermocouple sensor KTC
Resistance thermometer with nickel element NRT
Resistance thermometer with platinum clement PRT

iiencticial comments (recommendations, addiions. deictions) and any pertinent diita which may oe ob use i

pmprosvmg thes document should e addrossed to0 Commuander. Navo! sca Systems Comnund, SEA SSZ30 Depan

ment of the Navy, Washington. DO 20362-5101, by using the self- addressed Standardization Documen Impnm
hent Proposal (DD Form 1426 appesnng i the end of this document or by letier

e e e e

AMSC N/A FSC 668>
DISTRIBUTION STATEMENT A, Approved for public release: distribution s unlimited.
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1.2.2 Configuration. Type of configuration for which the resistance thermometer or
thermocouple sensor is intended shall be designated by one of the following two-letter symbols.

Type of configuration Symbols : &
Thermowecll ™
Bare bulb BB
Embedded EM

1.23 Designation number. The designation number used to specify the sheath length and
other applicable parameters within each type of configuration shall be denoted by onc or two
numerals or by one or two numerals preceded by a letter found in one of the following:

Type of configuration Table number
™ 11
BB I1
EM Iv.

2. APPLICABLE DOCUMENTS
2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. The following specifications, standards, and
handbooks form a part of this document to the extent specified herein. Unless otherwise specified,
the issues of these documents are those listed in the issue of the Department of Defense Index
of Specifications and Standards (DODISS) and supplement thercto, cited in the solicitation (see
6.2).

SPECIFICATIONS
FEDERAL
PPP-F-320 Fiberboard:; Corrugated and Solid. Sheet Stock (Container Grade). and
Cut Shapes
QQ-B-637 Brass, Naval: Rod, Wire, Shapes, Forgings, and Flat Products with
Finished Edges (Bar, Flat Wire, and Strip)
QQ-S-763 Steel Bars, Wire, Shapes, and Forgings, Corrosion Resisting

QQ-T-390 Tin Alloy Ingots and Castings and Lcad Alloy Ingots and Castings
(Antifriction Metal) for Bearing Applications .

#7707 AT O VUL LA L ] e TN NE L LN N\
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MILITARY
MIL-M-14 Molding Plastics and Molded Plastic Parts, Thermosetting
-y &

MIL-5-901 Shock Tests, HI (High-Impact); Shipboard Machinery, Equipment and
Systems, Requirements for

MIL-W-5846 Wire, Electric, Chromel and Alumel, Thermocouple

MIL-A-8625 Anodic Coating, for Aluminum and Aluminum Alloys

MIL-T-10727 Tin Plating; Electrodeposited or Hot Dipped, for Ferrous and Nonferrous
Metals

MIL-P-15024 Plates, Tags, and Bands for Identification of Equipment

MIL-P-15024/5 Plates, Identification

MIL-W-16878 Wire, Elcctrical, Insulated, General Specitication for

MIL-W-16878/25 Wire, Electrical, Polvtetrafluoroethylene (PTFE) Insulated, 260 °C. 600
Volis, Extruded Insulation

MIL-E-17555 Elcctronic and Electrical Equipment Accessorics, and Provisioned Ttems
(Repair Parts): Packaging of

MIL-L-19140 Lumber and Plywood, Fire-Retardant Treated

MIL-5-22473 Scaling, Locking, and Retaining Compounds: (Singlc Componcnt)
MIL-T-24270 Thermowells for Thermometers and Electrical Temperature Sensors,
Conpral Cneciliratinn far
Lt ar \Jl}\,\alkl\aatlull L
MIL-T-28800 Test Equipment for Use with Electrical and
Electronic Equipment, General Specification for
MIL-T-55164 Terminal Boards, Molded, Barrier, Screw and Stud Types, and
Associated Accessories, General Specification f[or
MIL-W.8138) Wire. Electric, Polvimide-Insulated, Copper or Copper Alloy

MIL-W-81381/12  Wirc. Electric, Fluorocarbon/Polyimide Insulated, Medium Weight,
Nickel Coated Copper Conductor, 600 Voits, 200 °C, Nominal 8.4 or
15.4 MIL WALL

e
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STANDARDS

FEDERAL

'y
"

Screw-Thread Standards for Federai Services

MIT QTN 10Q Nefinitinne nf an Racir crmmirementce {(ar Freclacniree e FRloctrie and
FAZ Y ¥ SLgW iy By S Ao LA IIIIVINZIID NI (SRR A LIGOIN l\\.\’\‘ll\rlll\lll\) anse ALBAWVINII ML VT i\J3 Aiv bl In (VI
Flecironic Fouinment
Dieclrone Equipment
MIL-STD-271 Requirements for Nondestructive Testing Methods

MIL-STD-278 Welding and Casting Standard
MIL-STD-454 Standard General Requirements for Electronic Equipment

MIL-STD-735 Test Mcethods and Test Equipment for Thermometers Used in
Machinery and Piping Systems

4O ~4NnA N T LV Toat . Ty NA PRI L I
VIO " iUl Lonnecion. recepudielc, ciectic, pox viountng, oSuluci
St AN
ULty AN
AC 210\~ (Ciynanoctoe Dlhiha Flacteie Qtrainht Salder Contacte AN Tuinge
PAY TSI BV 9/ ARSI A ISR SO FaUg, ., Sudipiie, SUBLCE NAsnats.s Sy a gy pe

(Unless otherwise indicated, copics of fedcral and military spccifications, standards, and handbooks
arc available from the Naval Publications and Forms Center, (ATTN: NPODS), 5801 Tabor
Avenue, Philadelphia, PA 19120-5099.)

2.1.2  Other Government documents, drawings, and publications.  The following other
Government documents, drawings. and publications form a part ol this document to the extent
specificd herein. Unless otherwise specified, the issues are those cited in the sohicitation (see 6.2)

PUBLICATIONS
NAVAL SEA SYSTEMS COMMAND (NAVSEA)
IEY4YEYA R B S NN ETAE e JA YA YR YR s VR i S R DLy ol b ISR B 1 TN, C PR
\RAJO-L P -U0 - /7000 sdaprication anda lnS])CCU()” Mo DrdZCd I'II)I 1"’ Q)\lL T1M
[ e | . O A Y I S Yl oo dn tha Nlawal Dokl cnti e il ineeme et e £ ATTTTIN.
\f\') JHCAUIOL) v \,\)l ICN JITOIUTU OO0 dUUTCIDNCU LU LHC 1vaval B utaicatituny anud 1 Onind wuiiited s (o by,
NDAOAMNC) A1 Tabvsr Avernne DPhiladodnlhia DA 10172085000 )
INEAJL/O J0 JOUL 1AL ZAVOEHIUL, T HHGULCI PG, 14y 173080t JusJ.y
ATION AT LIRFALU OF STANDARDS (NRBSH
ISV A NI N AU AN AN RS D i i vasdsinassd (i vy

NB3 Morooaph 370 Novcaad Burcau of Standarcs 1901
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(Appiication for copies shouid be addressed to the Superiniendent of Documcnis, Government

L 5 Y i ~\ree Y ’. ‘l M . YN AN AN N
Y“nllng UILLICE, wasningion, Do LU4Usl.)
[ J \ PR o D, [ T U SN o fAallaunems Aaciimant/c '~ B aela o T
2.2 Non-Government P"biltu‘ll"llb- The followi ig docunie l:(o) form a part of twissdocument
to the extent specified herein. Unless otherwise specified, the issues of the documents which are
DOD adopted are those listed in the issuc of the DODISS cited in the solicitation. Unlecss
Otherwige ﬁ{)g_(-iﬁ(-gi he issues of documents not listed in the DODISS are the issues of the

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

A 249 Standard Specilication for Welded Austenitic Steel Boiler, Superheater,
Heat Exchanger, and Condenser Tubes

A 269 Standard Specilication for Seamless and Welded Austenitic Stainless
Steel Tubing for General Service (DOD adopted)

~= s Qoo Vo8 O I el oo Ca =l el YT T mimtiomie Qoo Dawes aien
A 2706 Standard Specification for Stainiess and Heat-Resisting Stecl Bars and
Cia. e MNTY ~Ad vt add)
Qlhdpis VL duupivdg

A 212 Standard Specification for Seamless and Welded Austenitic Stainlesg

Steel Pine (DOD adopted)
- 1 A\ - rrTT=y

A 466 Standard Specification for Weldless Carbon Steel Chain

B 23 Standard Specification for White Mctal Bearing Alloys Known
Commercially as "Babbitt Metal”

B 117 Standard Method of Salt Spray (Fog) Testing (DOD adopted)

B 152 Standard Specification for Copper Sheet, Strip, Plate. and Rolled Bar.
(DOD adopted)

B 164 Standard Speciiication {or Nickei-Copper Alioy Rod, Bar, and Wire
TN N
UL auopicy)

B 167 Standard Specilication for Nickel-Chromium-lron Alloys (UNS NO660OO
and NO66Y0) Scamless Pipe and Tube (DOD adopted)

B 358

B 637 Standard Specification for Precipitation-Hardening Nickel Alloy Bars,
Forgings. and Forging Stock for High Temperature Service

1) 1457 Standard Specilication for Polyletratluorocthylene PTEL: Molding and

Extrusion Materials (DOD adopted)

INT » '\
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(Applicalion for copics should be addrcsscd to the American Socicety for Tesung and Materials,

(Non-Government standards and other publications are normally available from t }‘wryﬁmzzmam
that prepare or distribute the documcnts. These documents also may be availabic in or through
libraries or other informational scrvices.)

howevcr, supcrscdu apphcablc, laws and rcgulauons unless a bpccd'u. cxcmplnon has bccn obmmui.
3. REQUIREMENTS

3.1 Qualification. The thermocouple sensors furnished under this specification shall be
products which are authorized by the qualifying activity for listing on the applicable qualified
products list at the time of award of contract (scc 4.5.1 and 6.3).

2 Relmbllny Reli dblll ol operation shall be 5000 hours mean-timc-between-failure
R, The contr:

N\
\ v

of parts, adequate [actors of szal__.,' shall be provided by dcrdtmﬂs from the part xnccmuuon
mlucs where required, in order to ensurc hu:h cquipment rdmbnhly under all service conditions.
Construction shall include all possible features which will result in reliable and stable operation.
reduced frequency of failure, reduced requirements for maintenance, and simphificd maintenance,
thus reducing requirements for highly skilled maintenance personnel.

i

3.
MT sure quality and ma aximum rplhhili!v In the functiona! ¢ nnlir:niﬂn
P

3.3 Materials. Matcrials of resistance thermometer and thermocouple sensor components shall
be as specified in table 1.

TABLE 1. Marerials.

Applicabie | Materiai !
Part configuration Marerial | specification | Remarks
l I
Babbitt topping M Babbitt ! QO-T-390, 1 ASTM B 23,
; grade 2 grade 2 is
I l caunalent
| | |
Cap retaming chain TW Carbon sleel ; ASTM A 460 | Zine plaed
Pw Brass ! 00-B-637
Connecting metal ink TWINRIL PR Nickel-platec [ ASTM 13132 S0 3STR
i capper l
TW.KTC Tvpe K I‘ MIL-W.5840
Connecting wire TW 22 Amenican MIL-W-16878 and
resistance thermomeler Wire Gauge MIL-W.-16378,23
FANVOY
1 (AWG), |
stranded 3
) mekel-plated | |
copper | i
i ! !
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TABLE 1. Materials - Continued.

Applicable Matcrial
Part configuration Material specification -Remarks
j :.
Teflon ASTM D 1457
(polytetrafluo-
rocthylene)
insulaied
BB 22 AWG, ASTM B 355
stranded
nickei-plaied
copper
EM 24 AWG, MIL-W-81381 and
stranded MIL-W-81381/12
nickel-plated
copper
fluorocarbon,
polyimide
insulated
Connecting wirc ™ 22 AWG, typc K MIL-W-5846
thermocoupie sensor
PTFE insulated ASTM D 1457
BB 22 AWG, type K MIL-W-5846
EM 24 AWG, type K MIL-W-81381/12.
fluorocarbon/ except conductors
polyimide in accordance with
insulated MIL-W-5846 and
no nlating
no platin £
Connection head ™ Aluminum 356T51 MIL-A-8625, Clear
type I anodized
Connccuion head cap T™W Aluminum 356751 MIL-A-8625, Clear
type 1 anodized
Conncction head ™ 304 SST ASTM A 312
extension
Conncction hcad ™
gasket
Connecthion head T™W Aluminum MI1.-A-862S, Clear
dentification nlate uype 1 anxdized
302 set MIL-P-15024
Gasket BB Copper ASTM B 152 Temper 0
Pins, connecior BBPR Nickel-plated For recepiacic:
apper alley MS 31021 1i8TS
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Applicable Material
Part configuration Material specification &arks
Receptacie plug For plug:
MS 3106F-14S-7P
BB:NRT Nickel-plated For receptacle:
copper alloy MS 3102-R-12S-3P
BB:KTC (+) chromei, For piug:
(—) alumel MS 3106F-125-3S
Seal, connecting ™
Ceramic to metal
wire end closure BB Glass 10 metal
EM Epoxy
ASTM A 249
Sheath ™ 316 SST ASTM A 269
UNS N06600 ASTM B 167 Required for
type KTC
BB UNS NO4405 ASTM B 164
LM 99 percent pure 1 percent not
copper restricted
maierial
Tin-plated MIL-T-10727
Sheath internal BB, TW: Aluminum oxide Chemical certi-
insulation NRT, PRT fication on 99.8 pereent
BB, TW:KTC file required pure
Spring, compression TW Inconel
UINS NO7750 ASTM B 637 inconei X-750
Spring stop T™W Inconel QQ-§-763
316 SST
Termina! board ™ Mineral filled MIL-M-14, MIL-T-55164
glass fiber type MAT-30
reinforced
alivd compound
Threaded fasteners TW Corrosion- ASTM A 276 -1
resistant steel
Washers W 316 SST ASTM A 276
TUnless retained by )apical means, retaining compound shall in accordance with grade C of MIL-S-22473.

3.3.1 Nonmetallic materials.
forth, shall be moisturc and flame resistant. shall not support fungus growth, and shall not be
adversely affected by the ambient environments specitied in the performance requirements ol this

specification.

A

Nonmetals, when used for seals, protective

TRIADWMIALIVILIE DI11AALLE LW AOS DIV OULILIISLAL YA o LAIW 6L,

finishes, and so
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33.1.1 Connecting wire end closure. The connectling wire end closure shall be airtight,
nonhygroscopic, fungus resistant (see 3.3.1.2), flame resistant; and ablc to form a chemical bond
with the connecting wires (thermowell configuration), electrical connector receptacle pins (bare
bulb configuration), or the connecting wire insulation (embedded configuration) -end=with the
sheath sufficient to meet the sealing requirements. The connecting wire end closure shall not
contain a restricted material as specified in MIL-T-28800. The connecting wire end closure shall
not chemically react, degrade, or outgas whcn subjected to the following: air, distilled water, sea
water, salt, peiroleum and silicone based oils, oil soivents, proionged (greater than 1 month)
periods of exposure to ambient temperatures, prolonged periods of exposure to elevated

3 " ANN dacrane Fohranbait /0T and aveociire ta mrnlancad aoalice maciode oo
aempcraiures (u to 40U acgress ranrcnncit Irj, and &xposure o Proiongea Cyciing periodas irom
ambient to elevated temperaturcs. A connccling wire and closure consisling of a ceramic-to-metal,
or a glass-to-metal scal 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 3.7, including the connecting wire end closure requirement
(see 4.9).

3.3.1.2 Fungus-inert materials. Materials which provide a nutrient medium for fungus and
insects shall not be used in the construction of any resistance thermometer or thermocouple
sensor. Fungus-inert materials shall be in accordance with requirement 4 of MIL-STD-454.

33.2 Recovered materials. Unless otherwise specified herein, aii equipment, material. and
articles mcorporated in the products covered by this specification shall be new and may b
2 2 C

fabricated using materials produced from recovercd materials to the maximum extent practicable
without jeopardizing the intended use. The term "recovercd materials" means materials which have
been collected or recovered from solid wastc and n:lnnv(__‘.ggggd to become a source of raw

materials, as opposed to virgin raw materials. None of the above shall be interpreted to mean that
the use of used or rebuilt products is allowed under this specification.

333 Restricted materials. The resistance thermometers and thermocouple sensors shall not
contain a restricted material as defined in MTL.-T-28800. In addition cadmium or cadmium plated
parts shall not be used.

3.4 Methods of attachment.

341 Weldmg Welding shall be performcd in accordancc th MIL-STD-278. The gas

....... P ale o

wit
brocess shall be utilized except for forming the thermocouple measuring

3.4.2 Brazing. Brazing shall be performed in accordance with NAVSEA 0900-LP-001-7000.
Brazing is prohibited where the dcsign temperature exceeds 425 °F.

3.43 Threads. Threads shall bc in accordance with FED-STD-H28.
3.4.4 Fastening devices. Scrcws, pins. bolts, and similar parts shall be installed with means for

preventing loss of tightness. These parts, when subject to removal or adjustment. shall not be
swaged. peencd, stacked, or otherwise permanently deformed.

0
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Construction.

3.5
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accordance with tables II, III, and IV respectively.

10
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TABLE IIl. Construction dimensions and application temperatures,
bare bulb configuration.

Size Rl bt
{see figure 5) Temperature
Designation (inches) range
N O]

ype number  ™e 2003 [ Feo03 P

NRT Bi 2.25 350 Minus 40 to 400
B2 650 7.75

PRT B3 2.25 3.50 Minus 40 to 1000
B4 6.50 7.75

KTC BS 2.28 3.50 Minus 40 to 1500
B6 6.50 7.75

)

TABLE 1V. Construciion dimensions and applicaiion iemperaiures,
embedded configuraiion.

Temperature
Designation range
Type number (°F)
NRT El Minus 40 10 400
PRT E2 Minus 40 to 400
KTC 3 Minug 40 1o 400

3.5.2.1.1 Location. The resistance thermometer clement shall be located within the bottom 2
inches of the sheath for the thermowell and bare bulb configurations. The resistance thermometer
clement for all configurations shall be located in a manner such that the insulation resistance test
requirements are met.

3.5.2.1.2 Resistance thermometer current. Resistance thermometers shall withstand a
continuous operating current of 6 milliampcres (mA) direct current (dc).

3.5.2.13 Temperature versus resistance. Relationships for resistance thermometers shall be
in accordance with tables V and VI with limits of error specified in 3.7.2.

12
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TABLE V. Temperature versus resistance charactenstics for

resistance thermometers with nickel elements.!

Temperature Temperature R
(°F) Ohms (°F) Ohms
Minus 40 92.75 180 184.94
Minus 30 96.39 190 189.81
Minus 20 10007 200 194,75
Minus 10 103.80 210 199.75
0 107.57 220 204.83
10 111.40 230 200.57
20 11528 240 215.18
30 119.21 250 220.46
32 120.00 250 225.82
40 123.19 270 231.24
50 127.23 280 236.74
60 131.32 290 242.32
70 135.46 300 247.96
80 139.66 310 253.69
9% 143.92 320 259.48
100 148.24 330 265.36
110 152.61 340 27132
120 157.04 350 277.35
130 16154 360 283146
140 166.09 370 289.66
150 170.71 380 295.93
160 175.39 390 302.29
170 180.13 400 308.73

1Resistance thermometers with nicke! elements shali not be used for temperature applications

above 400 °F.

TABLE V1. Temperature versus resistance characteristics for
resistance thermometer with platinum elements.
Temperature | Temperature

(°F) Ohms (°r Ohms
Minus 40 83.97 - -
Minus 20 88.44 - -

0 92,50 500 199.58

20 97.34 520 203.66

32 100.00 540 207.72

40 101.77 560 211.77

60 106.18 580 215.81

80 110.58 600 219.83

100 114.96 620 223.83

120 119.33 640 227.82

140 123.69 660 231.80

160 128.03 650 235.76

180 132.35 700 23971

200 136.67 720 243.64

212 139.24 740 247.56

220 140.96 760 251.46

260 149.51 780 255.35

13
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TABLE VL Temperature versus resistance characteristics for

_________ L e nd e es 7 s

nauxuncc inermorneier Wllﬂ pwunum elemcru.s . iumu‘ed.

Temperature Temperature —
&) Ohms ) Ohms
280 153.76 800 259.23
300 158.00 820 263.09
320 162.22 840 266.93
340 166.43 860 270.77
360 170.63 880 274.58
380 174.81 900 278.39
400 178.97 920 282.17
420 183.12 940 285.95
440 187.26 960 289.71
460 191.38 980 293.45
480 195.49 1000 297.18

3.5.2.2 Thermocouple. (Sece 6.5.10 and 6.5.28.)

3.5.2.2.1 Location. The thermocouple measuring junction shall be ungrounded and located
P - R }. . | V.

1.0 Lo bascsdinms 1/A PP SRR LRPS NP S TR IR § ESRUURE T T n_ PR DL s of TN
witiiin th potilom 1/4 lllbl.l O1 ine snedin 101 i€ inermoweill and nar DUID u)mlgurauons. 1ne
thermocouple measuring junction shall be ungrounded and located in the middle of the sheath
or fhl’ {‘m}\P{"f“Pd cOn lﬂl‘fﬁ';ﬁn
for thc cmbedded configuration.

3.5.2.2.2 Method of attachment. The thermocouple measuring junction shall be formed by
inert gas fusion welding (see 3.4.1).

3.5.223 Temperature versus electromotive force. The relationship for the type K
thermocouple temperature versus electromotive forcc relationship shall be in accordance with
either MIL-W-5846 or the NBS Monograph 37.

3.53 Connecting wires. The diameter of the connecting wire shall be the AWG as specified
in table I. The connecting wire material shall also be in accordance with table I

3.53.1.1 External insulation (TW and EM configurations). The material for the external
insulation shall be as snecificd in table |

...........................................

3.53.1.1.1 Color code. Thc external insulation for the single connecting wire attached to one
end of the resistance thermometer element shall be color coded red. The external insulation for
the two connecting wirces attached to the other end of the resistance thermometer element shall
be color coded white.

3.53.1.2 Internal insulation (TW and BB configuration). The resistance thermometer
connecting wires shall be insulated from the sheath and from cach other by alumina (A1,0;). The
alumina shall be alpha alumina with a minimum content of 99.5 percent alumina. Sulfur shall not
exceed 50 parts per million (ppm) while carbon shall not exceed 200 ppm.
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ar21a [, T s maefeana cmcint o 308 ~ . n € oh 1
3.53.13 INUmMDEr Ol ConmmeCung wires. 1€ resisiance inermoimciers sinau o O1i Wnrse-wird

¢ + + f. tha K u
construction except for the bare bulb configuration with a nicke! element which shall be of two-

3.53.2.1 External insulating (TW and EM confligurations). The material for the external
insulation shall be as specified in table 1.

3.53.2.1.1 Color code. The external insulation for the positive (chromel) connecting wire shall
be yellow. The external insulation for the negative (alumel) connecting wire shall be red.

3.53.2.2 Internal insulation (TW and BB configurations). The lhermocouple sensor
connecung wires shali be insuiated from each other, except at the measuring junction, and from

the sheath by magnesia (MgU) The magnesia shali be eieciricaily fused with a $6.5 percent

______ Py PR T i i bl Ln 1o tbmee &N s amd tlhn Anclna
Illllllﬂlum nernt Ul Klldgllcmd 10€ sunur Comnicnt snat o€ ICSS tnan ov ppm and ui Carvon
nmemtnmt lann thhnee HWY euenonn
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3.5.4 Thermowell configuration.

3.5.4.1 Temperature exposures. Maximum connecting head temperature shall be 300 °F for
resistance thermometers with nickel elements, 500 °F for resistance thermometers with platinum
elements, and 500 °F for type K thermocouple sensors.

3.5.4.2 Watertight enclosure. Resistance thermometers and thecrmocouple sensors shall be
watertight as specified in MIL-STD-108 (see 4.9.9).

3.543 Construction. Thermowell configuration shall consist of resistance thermometer or
thermocouple sensor, connection head, and a connection head extension as shown on figures 1
through 4.

»F a1 PUSGIIPY P WP gy Thn moememnntime Land A0 thha thacemncall cAnelinientimnen ochall
DeDotD. CUnNnecCiion ntau cuap. 11C CONNCLLIVUI HICAaU Ul IO LCHINUWCHD LLUnliyurauuil sliaun
hn wmeoncndad ciithh 6 crcaca: e brema mnes writh A emaral el Alaie
wcC PlU UL WILLL a dLITUW~UII lypb de Willl a liiviail 1N Liiaiil.
3.543.2 Termina!l board. Terminal board shall be sceured to the connection head by two or
more machine screws

3.5.44 Thermowells. When resistance thermometers and thermocouple sensors are intended
for use with thermowells, the thermowells shall be in accordance with MIL-T-24270.

3.5.5 Bare bulb configuration.

3.5.5.1 Temperature exposures. The maximum connector receptacle and plug temperature
shall be 300 °F.

3.5.5.2 Watertight enclosure. Resistance thermometers and thermocouple sensors shall be
watertight as specificd in MIL-STD-108 (see 4.9.9).

KN
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3.5.53 Construction. The bare bulb configuration shall be of one-piece construction as shown
on figure 5.

3.5.53.1 End cap. The conncctor receptacie shail be provided with a screw-on-end-—cap.

PN - La o W Lt _a _ — — A o= R S Py [P NP - -~
3.5.53.2 Pressure requirements. The resistance thermomeier and thermocoupie sensor shail
il LEAN i o oo e L 2.2 e Tecmctnd St ol ctrance nf A fomemacatiiea
withstand 5500 pounds per square inch (Ib/in®) when inseried into air strcam at a temperature of
360 °F with velocity of 40 feet per second.
3.5.6 Embedded configuration.

3.5.6.1 Temperature exposures. Resistance thermometers and thermocouple sensors shall
withstand a maximum temperature of 400 °F for continuous use, 525 °F for short term exposure
of 15 minutes, and 550 °F for short term exposure of 2 minutes.

3.5.6.2 Construction. The embedded conliguration shall consist of the resistance thermometer
or thermocouple sensor as shown on figure 6.

3.5.6.2.1 Scoring. The materiai and construction of the resisiance thermomeier or
thermocoupic scnsor shall be such that in the event the bearing should fail and be wiped o a

i € inermomeier Or WnCrmoCoupic sTNHsoT,
....... AE n Anvrhinam stnanl chaft hawine o Retanl nrdmnace A o
bwuug Ol a caroOn steel snail Nnaviing a ori sell hardness of 170 to 180 will be limited toc a dcpt..
nf 20N mirnrAinrhoc Ar lace
\ll NAYAY NI RII R WA R R LV) B LTS R U 0 Sy LSS 1N

topping of babbitt. The diameter, including maximum to tolerance, of the babbitt topping shall
conform to the diameter of the sheath.

3.5.6.2.2 Rabbitt topping. The tip of the shc_:a h shall contain a 0.10 + 0.06 — 0.00 inch thick

3.5.7 Markings.

3.5.7.1 Sheath (TW and BB configurations). Each sheath shall be clearly and permanently
marked, that is, engraved or electrochemically etched with the Commercial and Government Entity

(CAGE) number, the classification variables as specified in 1.2, a model number, and a unique
serial number.

3.5.7.2 Meiaiiic tag EM configuration). A mciallic tag. shail be placed at ihe opposiic end
of the connecting wires irom ihe sheaih, and shail be cicarly and permanently marked with the
same information as required in 3.5.7.1. The following notice shail be placed on the opposite side
of the tag. NOTICE: Reattach this tag to the connecting wires after bearing installation and keep
affixed to the connecting wires when the bearing is placed in service

Y(+)" and "R{=)" for the _\,Llhm dnd red ansulated connecung wires (_.\u., 3.5 ...1 I)

7

16
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3.9.7.4 Lonnecior recepiacie (pp ConIguraion). inc CONNeCior recepiacic pins 101 r&sisiandc
thnemnnemntncn sxrnth emlatic.ion aAlamnmts ahall hna cnnclead "D Fa. tha cinnla ~rrnnasctinge anrs An ANA
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connecting wires on the other side of the resistance thermometer element. The eonnector
receptacle pins for resistance thermometers with nickel elements shall be marked "A" and "B" for

the two connecum_v wires on each side of the resistance thermometer element. The connector
receptacle pins for thermocouple sensors shall be marked "(+)" and "(—)" for the positive and
negative connecting wire respectively.

3.5.7.5 Connecting head plate (TW configuration). A metal identification plate shall be affixed
by means of rivets or screws to the connecting head cap.

3.5.7.6 Identification plate type. The identification plate shall be type A, B, C, or D in
accordance with MIL-P-15024 and MIL-P-15024/5, except a plastic plate shaii not be used.

3.5.7.7 identificaiion piaie marking. The ideniificaiion piaic shail be marked as specitied in
MIL-P-15024 and MIL-P-15024/5. The marking data shall be as {ollows
a. Nomenclature
b, Contractor’s part number
c. National stock number
d. Contract number
e. Serial number
f. Detailed specification number

Contractor’s name or CAGE
Temperature range.

5 0o

.

3.6 Temperature baths and calibration standards. Temperature baths and calibration standards
used in qualification and quality conformance inspection testing shall be in accordance with 4.6.

3.7 Performance.

1 Y cailnddne —ocicsommn Thn lecislat] cicta
.1 Insuldtion resistance. Thc insulation rcsisiai

-
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TABLE VII. Accuracy (span and limits of error).

Temperature range Limits of error -

Minus 40 to 200 °F
200 to 400 °F

Plus or minus 2 °F
Plus or minus 1 percent of temperature measured

Resistance thermometers with platinum elements

Temperature range Limits of error

Minus 40 to 530 °F Pius or minus 2 °F

£2N tn 1NNN W Piirec nr minne T narcant nf 1emneratnre meacures,

530 1o 1000 °F Plus or minus 3/8 percent of temperature measured
Thermocouple sensors

lg @ Y PP Y YV imaitsn ool mamcrne

IVUI[NIHIUIU lﬂ"sc LITTHW Ul <

Minus 40 to 530 °F
530 10 1500 °F

3.7.2.1 Accuracy repeatability tests 1 and 2. The span and limits of error shall be as specified
in table VIIIL

TABLE VIIIL. Accuracy repeatability tests 1 and 2 (span and limits of error).

DY YA

I

Temperature range

Limits of error

Minus 40 to 200 °F
200 10 400 °F

Plus or minus | °F

Resistance thermometers with platinum elements

Temperature range

Limits of error

ra am . ren e B e s are

minus 10 >3V 'r rwus or minus 1 r

S30 1o 1000 °F Plus or minus 3/16 pereent of temperature measured
Thermocouple sensors

T mmsem s e mmn e VT calon af mcana

lClllpCl'dlUlC l'dllgc LITNIWD vl Crrul

Minus 40 10 530 °F
530 to 1500 °F

Plus or minus 1 °F
Plus or minus 3/16 pereent of temperature measured

INYTIME AT

Reference measurement. The performance shail conform to 3.7.2 (sce 4.9.2.2).

18
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3.73 Response time. Response time of the resistance thermometers and thermocouple sensors
shall be as follows (see 4.9.3):

a. 8 seconds or less for thermowell configuration -: -
b. 15 seconds or less for bare bulb configuration
c. 5 seconds or less for embedded configuration.

3.7.4 Self-heating (resistance thermometers only). The temperature change due to self-heating
of the resistance thermometers shall not exceed 1 °F at an input power level of 5 milliwatts (see
4.9.4).

3.7.5 Thermal cycling. During the thermal cycling test, there shall be no shorts, opens, or
evidence of the intermittent behavior. After the test, the resistance thermometers and the
thermocouple sensors shall show no evidence of physical damage. The reference measurement
performed at the conclusion of this test shall conform to 3.7.2 (see 4.9.5).

3.7.6 Overtemperature (EM configuration). Resistance thermometers and thermocouple
sensors shall conform to the temperature span and accuracy requirements specified in 3.7.2 after
being subjected to the test of 4.9.6. During the test. there shall be no shorts, opens, or evidence
of intermittent behavior. The reference measurement performed at the conclusion of this test
shall conform to 3.7.2.

3.7.7 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 minutes without causing circuit failure or loss of watertight integrity (see 4.9.7). The
reference measurement performed at the conclusion of this test shall conform to 3.7.2.

3.7.8 Connecting wire end closure. There shall be no physical damage to the resistance
thcrmometers and thermocouple sensors. There shall be no observed evidence of air bubbles
during the vacuum portion of this test. At the conclusion of this test the performance of the
resistancc thermometers and thermocouple sensors during insulation resistance test and reference
measurement shall conform to 3.7.1 and 3.7.2, respectively (sce 4.9.8).

3.7.9 Enclosure (TW and BB configurations). There shall be no leakage of water into the
watertight enclosure (see 4.9.9).

3.7.10  Salt spray. Rcsistance thermometers and thermocouple sensors shall show no
appreciable corrosion or other damage when subjected to the salt spray test specified in 4.9.10.
The performance of the resistance thermometers and thermocouple sensors during insulation
resistance test and reference measurement shall conform to 3.7.1 and 3.7.2, respectively.

3.7.11 Spring loading (TW configuration). When compressed 3/16 inch, the spring shall excrt
a minimum force of 5 pounds. Spring loading shall be performed as specified in 4.9.11.

19
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3.7.12 Vibration. The resistance thermometers and thermocouple sensors shall show no

evidence of improper opcrauon, failure, or damage (see 4.9.12). The electrical signal from the
moni u '

T P T N P Y Prrape B Uiy [ L1 L PSP TP, TS Sy o sacds ~ead Lo
resistance thermometer and thermocouple sensor shall be monitored during this test and there
shall be no shift in the temperature indication. A reference measurement pe...’s."“.-d at the

conclusion of this test shall meet the specified accuracy requirements of 3.7.2. A visual i nspecuon
performed after the test, revealing cmmf’cant wear on any vital parts (sheath mnnm:tmo wire, and

formed after the tes caling significant wear vital parts (sheath , connectin ire,
so forth) constitutes failure. Fanlure also results from any test instrument behavior not covered
above which could be a serious vibration performance defect. Wear to other parts is significant if

it affects the test instrument performance.

3.7.13 Shock. Resistance thermometers and thermocouple sensors shall withstand the effects
of the shock test specified in 4.9.13. A reference measurement performed at the conclusion of
this test shall meet the specified accuracy requirements of 3.7.2.

A -~ - e o 1y .y _ . s sl .y e o b IS S

e coniiguraiu n). 1nC €moeddca resistance tincrmomeiCrs ana inermocoupic
scnsors shall not deform to such a degree that the babbitt surface is visually determined by the
Government inspector to be dimpled, cracked or ruptured after exposure to a pressure of 1800

1b/in® gauge. The insulation resistance between each connccting wire and the babbitt surface shall
be not less than 10 megohms when measured both before and at the conclusion of the pressurc

test. The resistance thermometers and thermocouple sensors shall meel the reference measurement
requirements of 3.7.2 both before and at the conclusion of the pressure test, as specified in 4.9.14.

3.7.15 Scoring (EM configuration). The stylus traces of the shaft surface parallel to the shaft
axis taken both before and at the conclusion of the scoring test as specified in 4.9.15 shall indicate
that the scoring depth does not exceed 300 microinches.

3.8 Cleaning and surface finishes. Surfaces of castings, forgings, molded parts, stampings,
machined and welded parts shall be {ree of defects such as cracks, porosity, undcrcuts, voids, and
gaps as well as sand, dirt, {ins, sharp edges, scale, flux, and other harm{ul or extraneous materials.
External surface shall be smooth and edges shall be either rounded or beveled. There shall be no
burn-through. ere shall be no warpage or dimensional change due to heat from welding
operation. There shall also be no damage to adjacent parts resulting from the weldin

3.9 Workmanship. Contractor’s production and inspection processes shall be established so
that the end results will produce a completed product in accordance with the specification.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the contract or purchase order
(see 6.2), the contractor is responsible for the performance of all inspection requirements
(examinations and tests) as spccified herein. Except as otherwise specified in the contract or
purcha@e order, the contractor may use his own or any other faciiities suitable for the performance

of the 1nspccu0n reqmremcms SpCClllCG ncrem uniess cmapprovco Dy the UOVCTﬂan[ The
Govcmmcnt reserves the nghl to pertor any of the mspu.uons set forlh in this spccnfcauon
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4.1.1 Responsibiiity for compliance. All items shall meet all requirements of sections 3 and
€ Tha iomcrmn Abinen o - HESY M H P ha ’
5. The inspection sct forth in this specification shall become a part of the contractor’s overall
impc'“uon system or quality program. The absence of any inspection requirements in the

I3

q

t relieve the contractor of the responsibility of cnsuring that aH-pfoducts or
h Government for acceptance comply with all requirements of the contract.
Samohm: inspection, as part of manufacturmg operations, is an acoeptable practice to ascertain
conformancc to requirements, however, this does not authorize submission of known defective
material, either indicated or actual, nor does it commit the Government to accept defective
matcrial.

<unnhe<x b_ m:d 0

4.2 Classification of inspections. The inspcction requirements specified herein are classificd
s foliows:

43 Qualification inspection. Qualification inspection shall be performed at a laboratory
acceptable to NAVSEA on the resistance thermometer and thermocouple sensor samples produced

with equipment and procedures normally used in production. Any resistance thermomeler or
thermocouple sensor which successfully meets the requircments of qualification testing shall be
considered destroyed and not be included as a deliverable item or counted as part of any lot.

4.3.1 Sample size. Unless otherwise specified, two resistance thermometers and thermocouple
sensors of each configuration and range that the contractor wishes to offer the Government for
sale shall be subjected to qualification inspection.

a1 Y st et e A ddo MYisalila i e gy se~tinn cha ~ N FE) sy
4.3.2 General examination and tests. Qualilication inspection shall consist of the general
cxamination and tests specified in table IX in the order listed. Any deviation in the test order shall
first be approved by NAVSEA. Unless otherwise specified, one new resistance thermometer and

thermocouple sensor of each classification shall be selected every 4 years for the general
examination and tests specified in table IX in the order listed. The selected resistance thermometer
and thermocouple sensors shall have passed the group A tests specified in table 1X. The tests
specificd in 4.9.7, 4.9.8, 4.9.12 and 4.9.13 shall also be required when the design of the resistance
thermometer and thermocouple sensor, or the process or material. has been changed.

TABLE 1X. General examination and test.

Quality

Qualification Conformance inspection

Test or examination Requirement Procedure Inspecuon
‘ d pe Group A Group B

. N . 1 P et o N V1 ;
General examination’ R TW. BB, EM X -3
Insulation resistance 3.7.1 4.9.1 - - -

— e e s WA <
Accuracy 372 4.9.2 Tw, BB, EM X X
Reforeane moaseremont 37.2.2 4922 - - -
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TABLE IX. General examination and test - Continued.

Nuaaling
Qualification Conror;ln:;; inspection

Test or examination Requirement Procedure Inspection Group A . ‘:C-roup B
Response time 3.7.3 493 TW, BB, EM - -
Self-heating® 3.7.4 494 TW, BB, EM - X
Thermal cycling? 3.75 495 TW, BB, EM - X
Qvgrsc__mpc_rs_asu_rcz 3.7.6 4.9.6 EM - -
Tcrminal strength? 3.7.7 497 TW, EM - -
Connecting wirc end 378 498 TW, BB, EM - -
closure

Enciosure!+2 3.79 459 TW, BB - -
Salt spray!.?¢ 3.7.10 4.9.10 TW, BB, EM - -
Spring loading 3.7.11 4.9.11 ™ - X
Vibration? 3.7.12 49.12 TW, BB, EM - -
Shock 1+¢ 3.7.13 4.9.13 TW, BB, EM - -
Pressure-2 2.7.14 4.9.14 EM - -
Scoring 3.7.15 4.9.15 EM - -

'An insulation resistance test shall be performed at the conclusion of this test. Performance shall conform to 4.9.1.

2A reference measurement (sec 4.9.2.2) shall be performed pnior to and at the conclusion of this test. Performance
shall conform to 3.7.2.2.

?The self heating test shall be performed only on the resistance thermomeiers.

“A one-point accuracy test at 32 °F shall be performed. Performance shail conform to 3.7.2.

5General examination (see 4.8.5).

4.33 Acceptance criteria. The resistance thermometers and thermocouple sensors shall meet
all the requirements of the general examination and tests listed in table IX to receive qualification
approval. If the tests specified in 4.9.7, 4.9.8, 4.9.12 and 4.9.13 havc not been suceessfully completed
1 year after first failurc, the failed items will be deleted from the qualified products list (QPL).

43.4 Retention of qualification. To retain qualification, the contractor shall forward a report
at 12-month intervals. NAVSEA will establish the initial reporting date. The report shall consist
of a summary of quality conformance inspection results of resistance thermometers and
thermocouple sensors for delivery, indicating as a minimum the number of lots that have passed,
the number that have failed, and the designation of the lots which have failed. The resuits of
inspections of all reworked iots shall be accounted for and identificd. If the summary of the
inspection resuits indicates nonconformance with specification requirements. and corrective action
acceplabie to NAVSEA has not been taken, action may be taken to remove the failing resistance

M
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mspectnon data indicates faxlure of the quahﬁed resistance thermometers and thermocouple sensor
to meet the requirements of this inspection. In the event that no production occurred during the
reporting period, a report shall be submitted certifying that company still has the capabilities and
facilities necessary to produce the resistance thermometers and thermocouple sensors. If during two
consecutive reporting periods there has been no production, the manufacturer may be required, at
the discretion of NAVSEA, to submit his qualilied resistance thermometers and thermocouple
sensors for testing in accordance with the qualification inspection requirements and the rcason for
no production.

PP - .

4.4 Quality conformance inspection.

AA Toscranndine 1o - i : 3 ‘

441 Inspection Iot. An inspection lot shall consist of all resistance thermometers and
thermocouple sensors of the same classification (see 1.2), produced under csscntially the same
conditions and offered for delivery at the same time

4.4.2 Group A general examination and tests. Resistance thermometers and thermocouple
sensors in each lot shall be subjected to the group A gerneral examination and test specified in
table IX in the order listed.

443 Group B general examination and test. A random sample of resistance thermometers
and thermocouple sensors shall be selected trom each lot (see 4.4.1) for the tests specified in table
IX. Group B tests shall be performed in the order listed on resistance thermometers and
thermocouple sensors that have passed group A tests.

4.4.4 Acceptance criteria.

- a etrsrn #hrse o rad o
ce criteria for group A. sistaiicc 'Il\,llllkllll cicrs
+
3 f n n

4.4.2 Acceptance criteria for group R. Se!cgggd resistance thermometers and thcrmocounle
sensors shall have passed the group A tests. If any resistance thermometer or thermocouple sensor
fails in any test. no resistance lhermometcr or thcrmocounlc scnsor shall be accepted for quality
conformance inspection until the contractor has determined the cause of the defect and has taken
the necessary action to correct or ecliminate the defects from resistance thermometers or
thermocouple sensors on hand. The failed test and any other test required shall be repeated to
demonstrate that the corrective action will enable the resistance thermometers or thermocouple
sensors to conform to the requirements of this specification.

4.5 Test conditions. Except where the following factors are the variables, the tests in this
specification shall be conducted with the equipment and instrumentation operating under the
tollowing conditions:

8]
3
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a. Ambient temperature shall be 75 = 10 °F.

b. Relative humidity shall be 50 + 10 percent.

41
'

c. Supply voltage shall be 115 = 5 volts.

d. Supply frequency shall be 60 %= 2 hertz (Hz).

e. Calibration bath temperature shall be plus or minus 5 °F from the specified temperature.
f. Resistance thermometer element excitation current shall be 1.0 * 0.1 mA dc.

g. Maximum immersion into the temperature bath shall be as follows:

(1) TW configuration — immersion shall be to the thermowell insertion length minus 0.5
inch

(2) BB configuration — immersion shall be to the "E" dimension minus the thread length
(0.875 inch)

(3) EM configuration — each resistance thermometer or thermocouple sensor shall be
placed in an individual stainless steel tubc and packed with fine aluminum oxide
powder. The stainless steel tube shall be immersed in the temperature bath fluid
to a depth such that further immersion does not produce a change in the equivalent
indicated temperature of more than twice the temperature bath fluid gradient.

-

h. Unless otherwise specified, the test shall be performed with a sensor input current of
1 mA.

4.6 Temperature baths.

4.6.1 General design. Temperature baths may be of various types or designs. However, all
baths shall include one or more pots or tanks (containment vessels), a stirrer, means of heating or
cooling, and controls. The containment vessel shall have an adequate volume of fluid so that the
temperature will not be excessively lowered when a resistance thermometer or thermocouple sensor

is immersed and to accommodate the types of resistance thermometers and thermocouple sensors
being tested.

4.6.1.1 Stirrer. Any method of stirring may be used provided temperature gradients throughout
the working space of the temperature bath do not exceed plus or minus 1/10 °F (plus or minus 1/2
°F for salt bath), under steady state temperature conditions.

4.6.1.2 Controls. The controls shall maintain the bath fluid tempcratures cither constant or
uniformly increasing or decreasing while the temperature bath is being stirred.
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4.6.2 Temperature bath fluids. The temperature bath shali be a stirred liquid bath in which
the resistance thermometer or thermocouple sensar and calibration standard may both be immersed

for accuracy comparison. Suggested ranges for temperature baths and fluids shall be_as specified
in table X. -

TABLE X. Temperature bath fluids.!

Temperature bath fluid Temperature range (°F)
Ethanoi or methanoi Minus 140100
Ethylene glycol and water Minus 40 to 50
Water 40 10 180
Glycerine 150 to 300
Silicone oil 150 to 350
Saii 350 o 1650

1Other temperature bath fluids may be used where the fluid will not damage the
resistance thermometer or thermocouple sensor being immersed and other conditions spe-
cified herein are mecl.

4.6.2.1 Ethanol, methanol, ethylene glycol and water, glycerine, and silicone oil temperature
baths. The temperature bath shall contain heating coils, cooling coils (when required), and a stirrer,
none of which shall interfere with the immersion of the calibration standard and the resistance
thermometer or thermocouple sensor. Other designs are equally suitable provided they do not
conflict with other requirements of this spccification.

4.6.2.2 Salt bath. A temperature bath using a heat treating salt as the temperature bath fluid
shall be referred to as a salt bath. Salt baths may be of the type {requently used for heat treating
purposes, converted to calibration and test work by the addition of a stirrer for uniform
temperature distribution and a controller for heat input regulation and temperature control. Heat

may be supplicd externally, internally, or both, provided the temperature gradient conditions are
met.

4.7 Calibration standards. The calibration standard shall consist of a precision resistance
thermometer or thermocouple sensor which:

44
oo
4
A
=
3
0w
wn
-
2
5
[
=
o
&)
@
=
0
1Y)
(%]

curacy ratic over the recistance thermometer o

b. Has a recorded history of its accuracy
c. Has a dated calibration curve that shows its limits of error

d. Has an accuracy that is traceable through various steps or levels to the National Institute
of Standards and Technology.

A resistance thermometer calibration standard shall contain either a 25-ohm or 100-ohm platinum
resistance element. A calibration standard containing a 25-ohm platinum resistance element shall
be the calibration standard that is used in the range of minus 140 to 1000 for 25-ohm clements.

[R]
'»h
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A calibration standard containing a 100-ohm platinum resistance element shall be the calibration
standard that is used in the range of minus 140 to 1200 for 100-ohm elements. A thermocouple
sensor calibration standard shall contain platinum rhodium versus platinum thermocouple wire and
shall be the calibration standard that is used for temperatures above 1000 or<12B0 °F (as
appropriate). The resistance thermometer calibration standard shall contain either three or four
connecting wires and be of a single element construction.

4.8 General examination.

4.8.1 Visual examination. Resistance thermometers and thermocouple sensors shall be given
a thorough examination to determine that they conform to this specification and applicable
drawings with respect to material, finish, workmanship, construction, assembly, dimensions, weight,
marking of identification, and information plates. This examination shall be limited to those
examinations that may be performed without disassembling the resistance thermometers and

thermocouple sensors in such manner that their performance, durability, or appearance will be
affected.

4.8.2 Radiographic examination (TW and BB configurations). The radiographic examination
shall ensure that the resistance thermometer ciement, the thermocouple sensors measuring junction,
and the connecting wires meet the requirements of 3.5.2 and 3.5.3. When required (see 6.2), each

resistancc thermometer or thermo-couple sensor shall be radiographically examined in accordance
with MIL-STD-271, and the {ollowing:

a. Radiographs shall be made on extra fine grain film (Kodak type M, DuPont 510, or
equivaient).

b. A lead screen of 0.005-inch thickness shall be placed in front of the {ilm and 0.010-inch
thickness in back of the film.

c. Resistance thermomcter or thermocouple sensor shall be placed in a flat position on the
film cassette, radiographed in this position and 90 degrees from this position.

d. A 1/4-inch cube reference block shall be placed adjacent to the resistance thermometer
or thermocouple sensor.

¢. Each resistance thermometer or thermocouple sensor shall be marked with the
radiographic test identification.

4.8.3 Insulation resistance. An insulation resistance check shall be conducted at the conclusion
of the general examination in accordance with 4.9.1. Performance shall conform to 3.7.1.

4.8.4 Sheath straightness (TW configuration). A plain ring gauge having a 0.2570 = 0.0001
inch diameter and a length which is at least the thermowell insertion length shall be used to verify
the sheath straightness. The sheath shall pass through the plain ring gauge until it hits the first
spring stop.

20
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4.8.5 Group B quaiity coniormance inspection. Resistance thermomeiers and ihermocoupie

Lo
s€nsors Sﬂdll be Cdeanu io ucmrmmc oomormdncc {0 mc: IC({UHCIHCHD Ul 4.8.1 thro

QO Taoce PP V0. FIT VN
> <o
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4,91 Insulation resistance. Insulation resistance shall be determined by applying S0 volts (dc)
between the connecting wires and the sheath. Performance shall conform to 3.7.1.

4.9.2 Accuracy. Resistance thermometers and thermocouple sensors shall be calibrated in
accordance with the requirements of 4.8. The temperature of the bath fluid shall be as shown in
table X1, plus or minus 5 °F, with a temperature gradient as specified in 4.5.1.1. The resistancc
thermometers and thermocouple sensors shall be calibrated at temperatures listed in the increasing
order. Performance shall conform to 3.7.2.

.

“alibration temperatures.

—
&
=
o
o
Q

Temperature Calibration
Configuration Type range (°F) values (°F)
TWw, BB NRT Minus 40 1o 400 Minus 20, 327, 80, 180", 280, 380"
PRT Minus 40 to 1000 Minus 20, 327, 2007, 400, 6007, 800, 980°
KTC Minus 40 to 1500 Minus 20, 32", 200, 400, 600", 900, 1200
L EM NRT. PRT, KTC Minus 40 to 400 Minus 20, 321, 80, 180", 280, 380" _
' These values shall be used for reference measurement (see 4922

4.9.2.1 Accuracy repeatability. The accuracy test specified in 4.9.2 shall be performed two
additional times. Performance shall conform to 3.7.2.1.

4.9.2.2 Reference measurement. The accuracy test as specified in 4.9.2 shall be referred to as
a "reference measurement” when performed at the conclusion of another test listed in table IX.
The reference measurement shall only be conducted at the three temperatures that are specified
for a reference measurement in table XI. Performance shall conform to 3.7.2.2.

4.93 Response time. Resistance thermometers and thcrmoooupic sensors shail be tested in
accordance with the conditions of tabie Xil usmg the procedure specified in Mil-STD-735. The
iow or high icmpcraiurc icsi shaill be used ucpcnum;, up on ine conflgurauun and i
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momclcrs dnd 1hermou_1uplc scnsnrs are also lhose Lomaincd in table XIII. Performance shall
conform to 3.7.3.
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TABLE XII. Response time test conditions.

Low High __
Test conditions temperature test temperature test
Maximum temperature (°F) 400 1000, 1500
Bain medium Waier Salt
BRath temperature (°F) 180 940
Initial temperature (°F) 50 460
(Start timing) temperature T_ (°F) 80 580
(Stop timing) iemperature T2 &) i43.2 808
Standard cylinder rcsponsc lime 6.0 = 0.2 80 = 0.2
(seconds)

4.93.1 Embedded configuration. The immersion depth of the standard cylinder thermocouple
measuring junction and the immersion depth of the resistance thermometer or thermocouple sensor
shall be maintained at the same level.

a

TABLE Xlil. Conditions jor temperature.

Configuration Type Temperature test
™ NRT Low
PRT, KTC iigh
BB NRT Low
PRT. KTC High
EM NRT, PRT, KTC Low

494 Self-heati con

water bath under the conditions specified in 4.9.2. A resistance thermometer shall be immersed in
the water bath to at least the minimum immersion depth and allowed to stabilize at 180 °F. A
series of direct currents shall be passed through the resistance thermometer elements and
maintained until steady state is attained such that the power impact is successively 0.5, 1.0, 3.0, and
5.0 mulliwatts. A curve of indicated tcmperature versus power input shall be plotted and
extrapolated to zero power input. The dilference between the indicated tempcrature at 5 milliwatts
input and the extrapolated value at the indicated temperature at zero power input is the effect duc
to self-heating. Performance shall conform to 3.7.4.

ng (resistance thermometers). The self- hemmo test shall be conducted 1n a

4.9.5 Thermal cycling. Resistance thermometers and thermocouple sensors shall be heated and
cooled for 1500 cycles in accordance with table XIV. Cycle rate shali not exceed two cycles per
minutc The ()ulpul of the resistance thermometers and thermocoupie sensors shali be monitored

Ing lnefmal Cycung L,OﬂnC(,llon ncaa 1empcralurc Sndll noi exceed U]L de"ﬂUﬂ'l bUIH]LLlIUH

— al

- ~ NPT DI Y NP
thU mpcrdluf(. S )LL“]LU ln ld()lb ll rrl()l' (() dnu i( li()Wln T LNC 165 4 TCICICnLC Illbdbulblllb” ad
JRSLY S BN 1'e 1o Jho TIPS U | I TPTURNPNUUIE FRRPIDIE T 5 SR oSNy cball ama bl ¢ 2 &
SPCLI“ U ”] 4.¥.L.2 dSiidil DC CONUUCICU. rLll()lllldllbL Sidil CONIOLInE W) Y.7.0.
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TABLE XIV. Thermal cycling conditions
Cycle temperature (°F) plus -
Temperature range (°F) or minus 10 percent - =
Lower Upper
Minus 60 to 400 400 360
Minus 40 1o 1000 100 Q00
Minus 40 to 1500 200 1200

4.9.6 Overtemperature (EM configuration). Resistance thermometers and thermocouple
sensors, while at ambient tempcrature, shall be quickly (within 2 seconds) immersed for a period
of 15 + 0.5 minutes in a temperature bath in which the fluid is stabilized to a temperature of 525
+ 5 °F. The resistance thermometer or thermocouple scnsor immersion depth shall be 3/16 inch
il not installed in a fixture. If the resistance thermometer or thermocouple sensor is installed in a
fixture, it shall be immersed to a sufficient depth to provide an accurate bath tcmpcraturc
measurement. The resistance thermometers or thermocouple sensors shall then be quickly immersed

in another temperature bath containing the same fluid stahilized at a temperature of 550 = 5 °F
1o ihe specified depth for a period of 2 plus 0.05 minus 0 minutes. The resistance thermometers
or thermocouple sensors shall then be quickly immersed in the first temperature bath in which the
fluid is stabilized at a temperature of 525 = 5 °F to the specified depth for a period of 15 = 0.5

minutes. The output of the resistance thermometers or thermocouple sensors shall be monitored
during this test. The resistance thermometers or thermocouple scnsors shall reach the bath fluid
temperature within 1 minute after immersion into a temperature bath whether or not a test fixture
is used. A reference measurement shall be performed at the conclusion of this test. Performance
shall conform to 3.7.6.

4.9.7 Terminal strength (TW and EM configurations). With the resistance thermometers and
thermocouple sensors firmly held in a holding fixture, a static tensile load of 5 pounds shall be
applicd to cach connecting wire simuitaneously for 15 minutes for the thermowell configuration.
For the embedded configuration, a static tensile load of 5 pounds shall be apphed to each

T . Al e

connecting wire separately. The direction o

~
ju'
o
g
2
L
w
[

4.9.8 Connecting wire end closure. Dur

g wi ing this tcst the resistance thermometers and
thermocouple sensors of the thermowell u)nﬁs_urauon shall be removed from the connection head.
No end cap shall be threaded over the connector receptacle of the resistance thermometers and
thermocouple sensors of the bare bulb configuration. Connecting wire end closure shall meet the
requirements specified in 3.7.8.

4.9.8.1 Vacuum portion. A desiceator shall be half filled with water and evacuated of dissolved
air. The resistance thermometers and thermocouple sensors shall be immersed in this desiceator.
The desiccator shall then be subjected to an absolute pressure of 4.0 = 0.5 Ib/in? for 15 minutes.
The connecting wire end closure shall be observed for evidence of air leaks.

0
-
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4.9.8.2 Pressure portion. The resistance thermometers and thermocouple sensors shall be
placed inside a pressure chamber and the pressure chamber shall be hydrostatically pressurized with
water to 25 plus S minus O Ib/in? for a period of not less than 15 * 0.5 minutes. —

— -

4.9.83 Post test measurements. At the conclusion of this test, an insulation resistance test

followed by a reference measurement shall be performed. Performance shall conform to 3.7.8.

4.9.9 Enclosures (TW and BB configurations). The resistance thermometers and thermocouple

a thermowell attached to the

25
-

) e he connection head conduit
e thermometers and thermocouple sensors of the bare bulb configuration
shall be tmted w1th an end cap threaded over the connector receptacle. The resistance
thermometers and thermocouple sensors shall be immersed in fresh water. The test conditions for

the watertight test of MIL-STD-108 shall apply. Performance shall conform to 3.7.9.

4.9.10 Salt spray. Resistance thermometers and thermocouple sensors shall be subjected to the
salt spray test in accordance with ASTM B 117. The salt spray test shall run for a duration of 96
hours. The salt solution shall be 5 = 1 percent concentration (5 parts by weight of sait in 95 parts
by weight of water). At the conclusion of this test an insulation resistance

reference measurement shall be perform Performance sha

11 e ¢~

i
PR | - 1N
1THCU. J.'L.l IOTmM4nce snan Coniorm (o PR SVH

w
=

istance thermometer or thermocouple sensor shall

ass ~ Sai%ei 20U S22 220

1

be removed from the mnnecue.n. head during this test. A plug shall be threaded into the
ction head conduit connection (sce f'nure 3) and a thermowell shall be threaded onto the

Lonnecuon head extension. The connection head (including connection hcad extension, plug and

thermowell) and the resistance thermometer or thermocouple sensor shall separately be subjected

to the salt spray test.

4.9.10.2 Bare bulb configuration. The resistance thermometers and thermocouple sensors shall
be subjected to the salt spray test without an cnd cap thrcadced over the connector receptacle.

4.9.11 Spring loadmg (TW configuration). Resistance thermometers and thermocoupic sensors
shail be mounied in a jig and compressed 3/16 inch three successive times. The compressive force
of the spring shall be measured. Performance shall conform to 3.7.11.

2

49,12 Vibration. The vibration test shall consist of the exploratory test, the variable frequency
test, and the endurance test. These tests shall be conducted in the sequence listed and shall meet

the requirements specified in 3.7.12. Each of the three tests shall be conducted in each of the
three mutually perpendicular axes. All three tests shall be completed in ane axis before performing
the tests in another axis. The resistance thermometers and thermocouple sensors shall be secured
to the fixture in the surface mounted configuration.
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(1) Maintain each discrete frequency from 5 to 100 Hz at 1 Hz intervals for a minimum
of 15 seconds, or a sweep rate that shall not exceed 4 Hz per minute® =

(2) Displacements or accelerations shall be as specified in table XVL

(3) Frequencies and locations where resonance occurs during this test shall be noted.
b. Variable frequency test

(1) Discrete frequency interval of 1 Hz

~ -

(2) Frequency range 5 to 100 Hz

{3) Each discreie frequency shall be maintained for & minimum of 5 minutes.
{(4) Displacements shall be as specified in table XV!I
(5) Frequencies and locations where resonance occurs during this test shall be noted.

c. Endurance test

(1) The resistance thermometers and thermocouple sensors shall be subjected to a 2-
hour endurance run at each resonance.

(2) Displacement or accelerations shall be the variabic {requency test values that are
specified in table XVL

(3) If no resonance is found, a 2-hour endurance run shail be performed at 100 Hz. A
reference measurcmeni shall be performed afier the conclusion of the vibration test
Performance shall contorm o 3.7.12

TABLE XV1. Vibration displacement critena
Frcquency range (Hz) Table dnsplacemcnl Variable frequency test
(inclusive) exploratory test (inch, peak o peak)
51020 0.020 = 0.004 0.000 = 0.012
21 10 50 0.010 = 0.002 0.040 = 0.008
5110 100 0.005 = 0.001 0.020 = 0.004
49 1.5 anocx anocx test shall be conu ucied in accordance with grade A, class I, type C for

AVaVAN) |n‘ln
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4.9.14 Pressure (EM configuration). The resistance thermometers and thermocouple sensors
under test, which will be used only for this one test, shall be installed in a fixture made from mild
steel. The critical dimensions to which the fixture shall conform are shown on figure Z. The entire
counterbored 3/4-inch diameter surface shall be babbitted over flush with the top of tire test fixture
using babbitt that conforms to graae Z of QQ-T-3%0. The insuiation resistance between each

connecting wire and the babbiit surface shali ihen be measured. The babbiii surface shaii then be
exposed 10 a pressure of 1800 = 10 Ib/in? for 5 = 0.25 minutes. After completion of this test, the
insulation resistance shall be measured in the same manner as before the test. The fixture shall be
unbabbitted and a reference measurement shall be performed. Performance shall conform to 3.7.14

4.9.15 Scoring. The resistance thermometers and thermocouple sensors under test, which will
be used only for this one test, shall be installed in a fixture made from mild steel. The critical
dimensions to which the fixture shall conform are shown on figurc 8. The resistance thermometers
and thermocouple sensors under test shall not contain a babbitt topping and the connecting wirc
shall be severed at the connecting wire end closure of the sheath. The entire 3/4-inch diameter
counterbored surface shall be babbitted over with 0.12 plus 0.01 minus O inch of the resistance
thermometers and thermocouple sensors protruding above the babbitt surface using babbitt that

conforms to grade 2 of QQ-T-390. The protruding tip of the rcsistance thcrmometers and

mermocouplc scnsors shail be broug,m into contact with a 2.00 = 0.01-inch diameier shafi that is
rotaiing at 3000 = 30 r/min. The shalt shali be made from carbon sieel having a Brinell hardness

AAAAAAA AMN e 10N 3 o ol [Tl Lndiiimnam 18 4 AE et s o s foemN A Fovenn ~ Q
peltween /U 10 10U 4ITu d SUuridec LN DOLWECTD 10 1O L0 TOUL HICdll Yyuadlc (LI ). A 1ulve Ul o
+ 1 pounds shall be applicd (o the resistance thermomelers and thermocouple sensors (o ensure
contact between the resistance thermometers and thermocouple sensors and the circumference of
the shaft during the test. The resistance ,hcrmnmctcrs and thermacouple sensors shall be oriented
50 xhag the axis perpendicular to the face of the resistance thermometer and thermocouple scnsor

shall intersect and be nerpcndlcular to the longitudinal axis of the shaft. Prior to the start of
thc test, the shaft and the fixture shall be clcancd with a suitable solvent and wiped dry. A stylus
trace of the shaft surface parallel to the axis of the shafl shall be performed at six equally spaced
intervals around the circumference of the shaft. No lubrication shall be used between the resistance
thermometers and thermocouple sensors and the shaft during the scoring test. The rotating shaft
shall remove 0.10 plus 0.10 minus O inch of material from the protruding tip of the resistance
thermometers and thermocouple sensors. Upon completion of the test, removal of any babbitt from
the surface of the shaft shall be accomplished by the use of 20 percent sodium hydroxide solution.
A stylus trace of the shaft surface parallel to the axis of the shaft shall be performed at the same
six equally spaced intervais around the circumierence of the shait. Performance shaii conform to
3.7.15.

r o | J S [P DR P O RN P ] Lo temcemamtse ~F | 59
4.1v xnbprulun of puckaging. Sampic pPACKages and packs, ana tnc inspection of the
.................. cmd smalims fae chimmeant and ctesrans che o oin -y
preservation, packing and marking for shipment and storage shall be in accordance with the
requirements of section § and the documents specified therein.

5. PACKAGING
(The packaging requirements sp(_%'.i_!g(_ hercin apply only for dircct Government acquisition. For
extent of applicability of the packaging requirements of rclcrg nced documents listed in section 2.



Downloaded from http://www.everyspec.com

MIL-T-24388C(SH)

5.1 Packaging requirements. Thermocouple and resistance tcmperature element asscmbiies
shall be preserved level A, C, or commercial, packed ievel A, B, C or commercial as specmeo {(see

oz) and marked in accordance with MlL-t:-‘l/ 555 and shaii inciude bar codes amd appiicabie
pacxagmg acquxsmon opiions therein as specified (see 6.2). In addition, for Navy acftisitions, the

(1) Lumber and plywood. When specificd (sce 6.2), all lumber nd plvwood including
laminated vencer material used in shipping container construction members. blockmz‘

bracing, and reinforcing shall be fire-retardant treated material contorming to MIL-L-
19140 as follows:

.
.
¢

=
4
.
[
o
l
(
(
i

-

Levels A and B — Type II — weather resistant
Category 1 — general use

Level C — Type I — non-weather resistant
Category 1 — generai use.

6. NOTES

(This section contains information of a gencral or explanatory nature that may be helpful, but is
not mandatory.)

6.1 Intended use. Resistance thermometers and thermocouple sensors are intended (o sense
a temperature and convert this to an clectrical output for input to a temperature signal

conditioner.

6.1.1 Selection guidelines.

6.1.1.1 Resistance ihermometer. Resisiance ihermomeiers have ihe following characieristics
a. The two resistance thermomcter elements have different temperature ranges {excluding
thn DR cnnliaiieatioan.
[ R 1Sy L 2 § L\'llllbulall\'ll}.

¢.  Excellent stability and reproducibility but slow in response
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Easily interchangeable but damages easily if not handled properly. Can be matched o
closc tolcrances for temperature difference measurements.

Resistance thermometers with platinum elements should be specified for newtdnstruction
and new instrument instailations. Resistance thermometers with nickel elements shouid
be restricted to retrofit and repiacements oniy.

Small signal output is produced which requires scnsitive measuring instruments.

Type K thermocouple covers a temperature range of minus 40 to 1500 °F (excluding EM
configuration).

Compensation for reference junction temperature is required.

esiiViiig =

hermocouple sensor’s minimum immersion depth s smmludnll maller than that of a
resistance thermometer.

Preferable for use with thermowells having a 2.inch immersion denth since the
t A

Preferable for use in the EM configuration since extremcly line resistance thermometer
element wire is very susceptible to electrical opens, shorts, or intermittent behavior in
service.

New construction. Resistance thermometers with platinum clements should be specificd

for new construction and new instrument installations with the following exceptions:

6.2 Acquisition requiremenis. Acquisition documenis musi specily the {ollowing:

(2]

Thermowells have a 2-inch immersion depth (sec 6.1.1.2(g)).
EM configuration instaliations (sce 6.1.1.2(h)).

Tieln cirembar el dad. o Cipntiomnm
HIUC, TUMOCT anda Gatd O this spaecuicanon
Naceifinatisnn fcon 1 D)
NdAdOoidlIvAaIVvL \O\f\r “hl

Quantity of resistance thermemeters and thermocouple sensors required.

24
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g. When material should be lire-retardant treated and when fiberboard should meet
flamespread and specific optic density requirements (see 5.1).

6.3 Qualification. With respect to products requiring qualification, awards will be made only
for products which are, at the time of award of contract, qualified for inclusion in Qualificd
Products List QPL No. 24388 whether or not such products have actually been so listed by that
date. The attention of the contractors is called to these requirements, and manufacturers are urged
to arrange to have the products that they propose to offer to the Federal Government tested {or
quahlication in order that they may be cllgmle to be awarded contracts or orders for the prouuu\

covered by this speuncanon ‘T'he activily responsibie for the Qualified Producis List is the Naval
o PO _ _ P S R - ke WL P

Sea aysrems Command, SEA 5573, Depariumeni of ihe Navy, Washingion, DC 20362-5101 and
L o P S S BRI SRR b sy (SR g | b smea: b cibtaniend Fence ¢hat Aty Al cnti s
InLor lllduU 1 p(.l tdliliig 1O Juaiiiicdauuil oL pl ULL Lldy UG UULAlICU LIULH wal avuvily. Apyplicativg
for qualification tests must be made in accordance with Provisions Governing Qualilication SD-6
feno T 1)

(sce 6.3.1).

6.3.1 Copies of "Provisions Governing Qualification SD-6" may be obtained upon application
to Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue, Philadciphia. PA
19111-5094.

6.4 Provisioning. Provisioning Technical Documentation (PTD), spare parts, and repair parts
should be furnished as specified in the contract.

6.4.1 When ordering spare parts or repair parts tor the equipment covered by this specilication,
the contract should state that such sparc parts and repair parts should mcet the same requirements
and qualily assurance provisions as the parts used in the manufacture of the cquipment. Packaging
for such parts shouid aiso be speciited.

P ) P PP g oSV S [P SR L ACTAL cenmmdocd Aaliiiivieme and MIT _CTMN_DUN

0.5 Denmiions. 1Crminoiogy COnsisicni witn AS1ivi $iandard aCuiniitions and viaL-Si -2ou
PR FPN - Adirimes 1oy tha FAallacima AdAaliemitinec,
d )l TICY [ AUQiLIULN 1O LT 1TOHTOY lllg UL HLIEOID.

A thermometer/thermocounle

n 0
. mbly, thermocoup nsor or resistance thermometer. A m oupl
sensor assembly consists of a thermacouple sensar or resistance thermometer. connection head and

connection head extension. This item is applicable to the thermowell con f uration (scc figure 4).

6.5.2 Cualibration. Calibration is the process of determining if an instrument is within its
specilied accuracy limits. This can be accomplished by developing an error curve so that its reading
can be correlated 1o the actual value being measured. For instruments in which an adjustment to
its accuracy is possible, calibration can also include adjustments, when required. to bring the
instrument within its specitied accuracy fimits.

25
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6.5.3 Connection wires, resistance thermometer. Connecting wires in resistance thermometers
refer to the wires which are a part of the resistance thermometer and which serve as a means to
electrically connect the resistance thermometer element to an external terminal board or internal
connector plug pins. The connecting wires originate at the resistance thermometer -siement, run
up the inside of the sheath, and pass through the connecting wire end closure.

6.5.4 Connecting wires, thermocouple sensor. Connccting wircs in thermocouple sensors refers
to the portion of the thermocouple that is a part of the 1h-rmocguplc sensor, and that originates

on both sides of, but does not include, the measuring junction. The connecting wires originate at
the measuring junction, run up to the inside of the shcath, and pass through the connecting wire
end closure. The free end of the connecting wires are cither attached to an external terminal board
or are crimped to internal connector plug pins.

6.5.5 Connection head. The connection head is an encasement which holds a terminal board
and acts as a junction box for connecting wires and extension wires. The connection head is
supported by a conncction head extension (sce figurcs 1 and 2).

6.5.6 Connecction head extension. A connection head extension is a piece of tubing or pipe,
with threaded ends, used to attach the connection head to the thermowell (sce figure 2).

6.5.7 Electrical connector. An electrical connector is a connector with a receptacle end and
plug end which is used to electrically connect the Lnd of a cable run to a junction box, monitoring
system, or other instrumentation. One electrical connector end is attached to the ends of the cabie
extension wires cither by soldering or by crimping. The elcctrical connector is also known as an MS
conncctor, canon plug, bendix connector, BNC conncctor, and so forth.

6.5.8 Electromotive force. Electromotive force is the difference of potential produced by
sources of electrical energy which can be used to drive currents through circuits.

6.5.9 FEiement, resisitance ithermomeier. A resistanc
nickel or platinum wire wrapped around a mandrel, h

N A toremes . lamn . . . >
in{lluenced by temperature. The element is manulactured so that it produces a precise resistance
¢ .
versus temnerature relationship

6.5.10 Element, thermocouple sensor. A thermocouple sensor clement is another term for
thermocouple.

6.5.11 Extension wire. An extension wire is the wire located between the thermocouple sensor
assembly or the resistance thermometer assembly and the monitoring system that serves 1o
clectrically cannect either of these two types of sensors to the monitoring system.

6.5.12 Gauge. Gauge relers to the thickness of the wire. The thickness is an important
dimension since it is a factor in determining the resistance and pull strength of the wire.

6.5.13 Immersion depth, minimum. Minimum immersion depth refers to the depth at which
a tesistance thanmomeicr or thermocoupie sensor should be Lnnersed, such that i'urii:c: HATICTS D

does not pl()dULL, a change in indicated emperature beyornd the uccuracy limits

Iy}
S0
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inside the resistance thermometer or thermocouple sensor sheath. The purpase of this insulation
is to isolate the connecting wires from each othgr and the sheath. The msulauon alse electrically
isolates the resistance thermometer element thermocouple sensor measuring junction from thc
sheath

6.5.15 Junction, grounded thermocouple. A grounded thermocouple junction refers to a
thermocouple sensor construction where the element is in electrical contact with the sheath.

6.5.16 Junction, ungrounded thermocouple. An ungrounded thecrmocouple junction refers to
a thermocouple sensor construction where the elements are insulated from the sheath.

- am - - - - - . . 1 _ o2l . —

0.5.1/ Measuring junction. jMeasuring ]uncuon is the point on 4 lhcrmocoupx WNEIeE in€ two
AAAAAA PR TS WY JUPEE .7 o oD DIRPIPAPRUES SRS B SIS D S EEPUSIPIPE S WS o TSGR \. mneean smniead e
WIr€s, €acn madae 1rom ailierent meiais, are atiacnea (we€ided wogeinci). 11is is the same poinit Ot
iviemtine ~f o bl aaniisla ahink i cichiantad 4t~ tha fameoaratiies haing maosciirad Whon tha
junClion G1 @ nCrmooupIiC Wil I3 SUGjeCiCa 10 nT I8MPLrature oCing mMeasurca. ywidii ux
meacuring minctinn ic at a hinchar temnerature than the refarence innectinn the meacnrine innction
measurnng junclion is at a nigner iemperature tnan ing rei¢erence junclion, 1ne measunn g junchon
is commonly called the hot junction

6.5.18 Medium. Medium is the fluid in which a resistance thermometer or thermocouple
sensor is placed to measure temperature.

6.5.19 Monitoring system. The monitoring systcm is the instrumentation that receives the
electrical responses from the resistance thermometer or thermocouple sensor. The instrumentation

may also convert this response to temperature readings.

6.5.20 Resistance. Resistance is electrical opposition that a device (load) offers to the flow of

£ o me T _ . ae n LI L1 S WY ST PR T am
0.2.21 Kelerence juncuon. e CI'CDCC JU ciion reiers 10 ihe ends of iwo unatiached WITEGS, €aclil
PR Y I L o USRI S S SR S R 1la Thnecn tsim omAdAs ~F ¢l sene e
nauc 1 a JllcCicCIint meiail, Lnat b()"lpl'lb C UICImoutuLUpPIC, 1T WO ClU Ll 1l WIS ait
cnmnentad kit nwn lhald ot tha cnma atakla Lanien tnmmmaratiiea Tha ctandard rafoaranca tamnaratnire
sCpaiaicy, vul aic 1iciu at uiIc >ailic stauvic AV LLpiratuitc. 1HC dlaiiuaiu ruiciviive wiiijpreiatui v
ic 22 °F hnwseunr anu nthar tomnaratiire ac lnng ac it ic knaoumn can he uced
1O Jde 4y BIVUVWWLYLL, 4ali bl l\—lllll\«lulul\—, “Us lUlls G I T NIV YT ALy VUL U oW

6.5.22 Resistance thermometer, A resistance thermometer is a temnperature measurement
device whose element hehaves as a variable re<istar as influenced hv temperature . This resistance
variation is accurately correlated as a function of temperature. The resistance thermometer consists
of a platinum or nickel element, sheath, interior sheath insulation, connecting wires, and a
connccting wire end closure.

6.5.23 Resistor variable. A resistor variable is a resistor constructed so that its resistance value
may be changed without interrupting the circuit 10 which it 1s connccted.

6.5.24 Sheath. A sheath is a cylindrical metal tube welded closed at the end in which the
resistance thermometer element or thermocouple sensor measuring junction is located (see figure

1).
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6.5.25 Spring. A spring is part of a resistance thermometer or a thermocouple sensor used to
ensure that the sheath is in contact with the thermowell. The spring is used only in the thermowell
configuration (see figure 1).

PR

6.5.26 Terminal board. A terminal board is a component used to provide a means to both
mechanically secure and electrically connect two wircs or sets of two wircs.

v_____°*

erminai board binding screws. Terminal board binding screws are
: - . -~
t 3 i

6.5.28 Thermocouple. A thermocouple is a pair of wires in which each wire is of a different
metal. At one end, the two wires are joined (measuring junction) and at the other end (rcfercnce
junction), the two wires are individually connected to a cold junction compensating circuit. Holding
the two ends at different temperatures generates a voltage across the wires. The voltage varies in

relation to the temperature depending on which two wires, each of a different metal, are used.

6.5.29 Thermocouple sensor. A thermocouple sensor is a temperature measurement device
whose element is comprised of a thermocouple. The open circuit millivolt output generated by the
thermocouple is accurately correlated as a function of temperature. The thermocoupie sensor
consists of the thermocoupie, sheath, interior sheath insuiation. and connecting wire end ciosure

or a fused giass-io-meial seai.

£ E1N T Ty 1t A ¢ vy A1 fncad_and tal N

Veded U I nermowen. A LNCrmoOwdi 1S a CiGsei-ent uoe dcsigned {o prctec! the resistance

a N . . a0 T - N N . . . . .
thermometer or {h'Jru'.'GL(:‘up.(f sensor sheath from such adverse conditions as 4 corrosive

4 et

! iment, high pressures, and large flow rates. The thermowell is connected to and becomes an
integral part of the pressure boundary (piping) of the system. The thermowell material 1s
designated to be compatible with the sheath matenial. The thcrmowell sensor or resistance
thermometer can be removed from the thermowell without disturbing the pressure boundary (see
figure 4).

6.531 Tip. Tip refers to the end of the sheath in which the resistance thermometer element
or the thermocouple sensor measuring junction is located.

6.6 Cross-reference of classifications. Some resistance thermometers and thermocouple sensors
covered by this specification were previously described in MIL-T-15377 and previous revision of
MIL-T-24388. Resistance thermometers and thermocoupic scnsors purchased under previous
revisions of MIL-T-24388

¥ o o ae 13 Wt at | AP Vol PROTN. Y o SN S
UIiag ciassiicaunon W1g Crdd>HIcauon INCW LU ilddoiicauon
under MIL-T-15377 under MIL-T-243888 under MIL-T-24388C
IC/RTD RTE NRT, PRT
1C/TCD TCE C
AN A cAs L g AW A W

1 EM EM
2 BB BB
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O}d classification 0143 classification New Clasgification
under MIL-T-18377 under MIL-T-243881 under MIL-T-2

3 ™ ™ -

N N NRT

P P PRT

T Deleted Deleted

K K KTC

J Decleted Deleted

6.7 Supercession data. This spccification superscdes the requirements of MIL-T-24388/1(SH)
through MIL-T-24388/8(SH) dated 26 Aprii 1979.

s 0 o . “ s ¥ P [ » < ™ | PR . B Y N ey Y A e <
0.3 dub-contracted material and parts. 1n€ packaging rcquircmcenits ol rceicrenicu aocumenis

Ticaoad cmrtim= D A~ it amell: aibhiam cmntacial and mosis aea anaiira .

listed in section 2 do not apply when material and parts are ac uired by the contractor for

incorporation into the equipment and lose their separate identity when the equipment is shipped.

Calibration

Extension wire

Immersion depth, minimum
Sheath

Thermowell

6.10 Changes from previous issue. Marginal notations are not uscd in this revision to identify
changes with respect to the previous issuc duc to the extensivencess of the changes.
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Ehhlihﬁmi———
RAIRAY

SEE NOTE 1

NOTES:

1. Dimension to suit particular head design.

2. Inside diameier shail be sized 10 ailow ciearance for sensor sheath, spring stop, and spring.
3.

Minimum wall thickness shall be 0.109 inch.

SH 13203089

FIGURE 2.

4 1
“41

Connection hiead extension.

’l
't

| SEE NOTE 2
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Terminal board —————e=={ |7

s~ Connection head

3/4 NPT conduit
connection

Cap retaining
chain

Screw-on tvne
ew-on i1ype

connection head cap

. W 7
WARNY:
/L/jm/ U%

/
_/

o
b

NOTES:

I.  Thru hole in terminal board shall be hexagonal and shali be 0.515 = 0
2. Vanauons in head design are permissibie except for specific details show

QLI 1297N1N00N
DIl 1JLUIUIY

(N0 L U AN

/vy

i/ 80/ v/ /4

—r
/
/
/

/ /
/A
A
N o
AN
2 3/4 Max
; %ﬁ- y, Threads for terminal

board machine screws

-€

cmmem— 7 3/4 Max —————

JRE 3. Conncction head construction.

N——1/2-14 NPSM

005 across the fldts.
n nercin.
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See Note 1 \\
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A
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SRS
Y
B

AN Y
[- 11
| ‘BNW°
. 1 [
Connection 2 2
head extension z Z
length A 1L -1

2
7+

\
i

Thermowell in accordance
\{ / with MIL-T-24270
W

\}, (thermowell not supplied

111,02 A4S 22U
1th

thermowell configuration)

N

/

\
|
I
i
1
|
Insertion
length

into thermowell

/////,__ See Note 2
\/
,:\/

J/’/
L //// /7./‘/,

-l
.

A —

NOTES:
1. Top of conncction head extension and bottom of washer shall be on samc datum hnc.
2. Resistance thermometer or thermocouple sensor lip is compressed againsi bottom of ihermoweil.

d
o3

S

ne A et .
FIGURE 4. Thermowell npe resistance (h

~

srmometer/thermocouple sensor assembly.
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+#22 DRiLL — le— 0,278 — ppoo DIA.BORE
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e 347 Vs DIA
BORE ‘
NOTES:

1. _Xll dimensions are inches.
2. Break all sharp edges.

SH 13203094
FIGURE 7. Pressure test fixture critical dimensions.
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NOTES:
1. All dimensions are inches.
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SH 13203095
TICTIRTE Q  Cenrine 1ocf fivture critical dimensions.
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