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FOREWORD

ASME B40 Standard Committee is composed of a balanced cross section of manufacturers of
pressure and temperature instruments, users, and interested individuals representing government

agencies, testing laboratories, and other standards-producing bodies.

This Standard has been prepared not only to provide performance, configuration, and inter-
changeability guidelines but also to inform and update the specifier and user regarding product
types, application, and use. This Standard is a vehicle by which the Committee can transmit te
users the benefits of their combined knowledge and experience regarding the proper and)safe
use of temperature instruments and accessories.

Use of this advisory standard is a voluntary matter and shall in no way preclude the manufacture
or use of products that do not conform. Neither ASME nor the B40 Committee assumesresponsibil-
ity for the effect of observance or nonobservance of recommendations made hefein.

This Standard is a consolidation and revision of the following standards:

(a) B40.3, Bimetallic Actuated Thermometers

(b) B40.4, Filled System Thermometers

(c) B40.8, Liquid-in-Glass Thermometers

(d) B40.9, Thermowells for Thermometers and Elastic Temperatyire Sensors

This Standard provides terminology and definitions, dimensiens, safety, construction and instal-
lation issues, test procedures, and general recommendations.

This Standard supersedes SAMA Standard RC-6-10-1963, RC-4-1-1962, and is intended to
supersede Military Specifications MIL-1-17244, MIL-T-19646, and MIL-T-24272.

Suggestions for the improvement of this Standard are welcome. They should be addressed to
The American Society of Mechanical Engineers, Seeretary, B40 Standards Committee, Three Park
Avenue, New York, NY 10016-5990.

ASME B40.200 was approved by the American National Standards Institute on May 8, 2008.
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CORRESPONDENCE WITH THE B40 COMMITTEE

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

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

Secretary, B40 Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

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

The Committee welcomes proposals for revisions to this Standard. Such proposals should be
as specific as possible, citing the paragraph number(s), the proposed”“wording, and a detailed
description of the reasons for the proposal, including any pertinent documentation.

Proposing a Case. Cases may be issued for the purpose of{providing alternative rules when
justified, to permit early implementation of an approved re¥ision when the need is urgent, or to
provide rules not covered by existing provisions. Cases ate’ effective immediately upon ASME
approval and shall be posted on the ASME Committee/Web page.

Requests for Cases shall provide a Statement of Need'and Background Information. The request
should identify the Code, the paragraph, figure or-table number(s), and be written as a Question
and Reply in the same format as existing Cases. Requests for Cases should also indicate the
applicable edition(s) of the Code to which the proposed Case applies.

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

vi
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BIMETALLIC ACTUATED THERMOMETERS

1 SCOPE

Fig. 1 Connection, Adjustable Angle

N\

This Standardisconfinedtoanatog dial-typebinretat
lic actudted thermometers utilizing helical bimetallic ele-
ments that mechanically sense temperature and indicate
it by mpans of a pointer moving over a scale.

2 TERMINOLOGY AND DEFINITIONS

accuracy: the conformity of indication to an accepted
standarfl or true value. Accuracy is the difference (error)
between the true value and indicated value expressed
as a perfentage of span. It includes the combined effects
of methpd, observer, apparatus, and environment. Accu-
racy erfor includes hysteresis and repeatability errors
but not|friction error.

accuracy, reference: the accuracy of a thermometer under
referenfe conditions [normal position at 20°C = 1°C
(approdimately 68°F + 2°F) and 29.92 in. Hg (101.32 kPa)
barome}ric pressure].

adjustntent, pointer indication: a means of causing a
change |n indication. The change is approximately equal
over the entire scale. Some examples of this type. ef
adjustnfent are adjustable pointers, rotatable dials, or
other similar items. This adjustment, if provided;:is gen-
erally afcessible to the user.

bezel: see ring.
bimetalllc element: see element, bimetallic.

bulb: a term sometimes used to-describe the temperature-
sensitive portion of the stem*(see also length, sensitive
portion)

bushing| a fitting usually provided with external threads
for attaphment tosawessel. A bushing does not have a
pressurg-tight sheéath below the external threads.

calibratipn: the* process of causing the thermometer to
indicatg within specified accuracy limits.

Stem \'-u_
adjustment

GENERALNOTE: This illustration is not intended to
show design details.

meeting the requirements of the prescribed test (see
para. 6.7). Removal of the ring may void the hermletic
seal.

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

case, sealed: a case that is sealed but need not confply
with the hermetic seal test as prescribed in this Standfrd.

case size: see size, case.

Celsius: SI unit of temperature measurement (formerly
Centigrade), abbreviation °C.

Centigrade: see Celsius.

conditions, environmental: the conditions, other than pro-
cess, that are external to the thermometer including
weather, temperature, humidity, salt spray, vibratjon,
corrosive atmosphere, etc., and could affect the ther-
mometer’s performance or life.

connection, adjustable angle: one that allows case rotation
of 360 deg and stem adjustment of at least 90 deg [see
Fig. 1).

calibration verification: the checking of a thermometer by
comparison with a given standard to determine the error
at specified points on the scale.

cam ring: see ring, cam.

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

case, hermetically sealed: for purposes of this Standard, a
term used to describe a sealed bimetallic thermometer

connection, back: (90-deg back angle, rear connection) one
in which the stem projects from the rear of the case at
a 90-deg rear angle to the dial.

connection, bottom: (straight form, lower connection) one
in which the stem projects downward from the case,
parallel to the dial.

connection, left-side: one in which the stem projects from
the left side of the case, parallel to the dial, as viewed
from the front.
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connection, right-side: one in which the stem projects from
the right side of the case, parallel to the dial, as viewed
from the front.

connection, top: one in which the stem projects upward
from the case, parallel to the dial (see Fig. 2).

connector: the component that joins the stem to the case
assembly.

conupector. jam nut: a connector using a strajght-thread

denotes that the indicated value is greater than the true
value (see also correction).

error, friction: the difference between the indicated values
before and after the thermometer has been lightly
tapped.

error, parallax: reading error induced by visual
misalignment.

nut| and seating part for connecting the thermometer to
a bjishing, flange, or thermowell.

conpector, plain: a connector with no threads.

conpiector, threaded: a connector with fixed threads, usu-
allyj tapered.

conpiector, union: a threaded fitting that is rotatable rela-
tiveg to the case.

corflection: the quantity that is algebraically added to an
indI\cated value to obtain the true value. The algebraic
sigh of correction is the opposite of the sign of the error
(seg also error).

corflosion failure: see failure, corrosion.
coupling nut: see connector, jam nut.
crygtal: see window.

dampening: a method used to reduce the effects of shock
and vibration, usually the application of a viscous mate-
riall to the bimetallic element and/or bearing.

dial the component that contains the scale.
dial, anti-parallax: see dial, mirror; dial, multi-platie;
dial, dished: see dial, multi-plane.

dial, dual-scale: a dial containing two scales with different
unifs of measure, such as °F and °G:

diall graduations: the individual division marks of a scale.

dial) mirror: a dial with a reflecter band for the purpose
of feducing parallax errog

dial, multi-plane: a dial with graduations in approxi-
mately the same plane\as the pointer (to reduce parallax
errdr).

diall rotatableaxeature that allows rotation of the dial
relgtive to.thie-pointer.

diameter,.stem: the outside diameter of the stem.

element,” bimetallic: the temperature-responsive compo-

Eghirenheit: 11S _custom nry unitof I-nmpavqh1vﬂ measure-
ment, abbreviation °F.

failure, corrosion: failure caused by environmental or pro-
cess-corrosive chemical attack.

failure, over-temperature: failure caused’by envirohmental
or process exposure to temperaturés in excess pf rated
temperature limit (see para-6.3).

failure, vibration: failure caused by exposure to viibration
(see para. 6.6).

friction error: see erxoryfriction.

friction ring: see<ting, friction.
graduations,dial: see dial, graduations.
hermetically sealed: see case, hermetically sealed.
jam qyt: see connector, jam nut.

léngth, immersion: the distance from the free enfd of the
stem to the point of immersion in the medium. This
length must be greater than length, sensitive|portion
(see para. 3.6.4).

length, insertion: the length from the free end of {he stem
to, but not including, the external threads or othgr means
of attachment.

length, sensitive portion: the length of that section of the
stem enclosing the bimetallic element.

length, stem: the distance from the free end of the stem to
the underside of the wrench flat portion on the threaded
connector. The stem length of a plain stem thermometer
is the distance from the free end of the stem to the
connector or, where there is no connector, to the case
(see Fig. 3).

lens: see window.
liquid-filled case: see thermometer, liquid-filled.

mirror dial: see dial, mirror.

nent. It is composed of two or more metals mechanically
associated in such a way that relative expansion of the
metals, caused by temperature change, produces
motion.

element, bimetallic helical: a bimetallic element formed in
the shape of a helix.

environmental conditions: see conditions, environmental.

error: the difference between the true and indicated val-
ues of the variable being measured. A positive error

NPT: American National Standard Taper Pipe Thread
(ASME B1.20.1).

parallax: see error, parallax.

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

pointer, maximum: a component that is moved by the
indicating pointer to the maximum temperature indi-
cated and remains at that point until reset. Inclusion of
this accessory may affect the thermometer’s accuracy.
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Fig. 2 Connections, Stem

—(a) Connection | eft Side

(b) Connection_Back

\:ﬁJ/

(c] Connection, Right Side

(d) Connection, Top

GENERAL NOTE: These illustrations are notintended to show design details.

Fig. 3 Length, Stem Sections

«————— Length, stem ——— >

<«———— Length, insertion ———>

~— Length-sensitive —»|

(e) Connection, Bottom

portion

RIS 5—

—————

W

pointer’ iU a component that is mowved hy the

Pninfnr and scale r'n]nrc’ and the ]iqnir*]_]nvn] line inlthe

indicating pointer to the minimum temperature indi-
cated and remains at that point until reset. Inclusion of
this accessory may affect the thermometer’s accuracy.

range: the low and high limits of the scale.

readability: the observer’s ability to determine the indi-
cated value. Factors that may affect readability include
length of scale, graduation configuration and spacing,
pointer design and width, parallax, distance between
observer and scale, illumination, stability of pointer,

case of a liquid-filled thermometer.

repeatability: the maximum difference between a number
of consecutive indications of the same applied tempera-
ture under the same operating conditions, approaching
the temperature from the same direction, after lightly
tapping the thermometer. It is usually expressed as a
percentage of span.

reset, external: a means of causing change in indication
by rotating the dial relative to the pointer. This change
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is approximately equal over the entire scale.

response time: time required to indicate a step change in
temperature (see para. 3.7).

ring: the component that secures the window to the case.
Ring configurations will vary for design and aesthetic
reasons.

ring, bayonet: see ring, cam.

ring
the|threads are replaced by a cam arrangement.

ring, crimped: a ring formed to the case at assembly, so
as o be nonremovable.

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

ring, slip: a ring similar to the friction ring except that
it slips over the case and is secured by screws.

ring, threaded: a ring having threads that match threads
on the case.

scale: the markings on the dial consisting of graduations,
reldted numerals, and unit(s) of measure.

sengitive portion: see length, sensitive portion.

shaft: the component connecting the free end of the bime-
talljc element directly or indirectly to the pointer.

SI (Le Systeme International d’Unites): these units are rec-
ogtlized by the CIPM (Comité International des Poids
et Mesures).

sizd case: the approximate diameter of the dial, in inehes.
slip|ring: see ring, slip.

spap: the algebraic difference between the.limits of the
scale:

(#) The span of a 0°F/100°F thermometer is 100°F.
(b) The span of a 200°C/500°C thermometer is 300°C.
(¢) The span of a —40°F/1202F.thermometer is 160°F.

staff: see shaft.

stanpdard, calibration: a temperature instrument used to
detprmine the accuracy of a thermometer (see ASME
PT( 19.3, Temperatuire Measurement).

sterfi: the compénent that extends from the connector

means for pressure-tight attachment to a vessel or
system.

traceability: documentation of the existence of a calibra-
tion chain between an instrument and the National Insti-
tute of Standards and Technology (formerly known as
the National Bureau of Standards).

union connector: see connector, union.

union, lock nut: a component used to mount a thermome-
ter having a threaded connector so that the diall may be
oriented in a predetermined position.

well: see thermowell.

window: a transparent component (through wlich the
dial is viewed.

window, heat-treated glass: a window of heat-treat¢d (tem-
pered) glass, which, when broken, will form smdll, gran-
ular pieces, usually withmo jagged edges.

window, laminated glass: a window with two ¢r more
sheets of glass held together by an intervening|layer(s)
of clear plasticcWhen cracked or broken, the pieces of
glass tend tosadhere to the plastic.

windowplain glass: a window of commercial glass.
winddwy plastic: a window of transparent plastig.

window, threaded: a window generally made of plastic
with integral threads that match threads on the ¢ase. No
separate ring is required.

3 GENERAL RECOMMENDATIONS
3.1 Case (Dial) Sizes

Recommended Case (Dial) Sizes, in.

1
1%
2
3
5

3.2 Stem Length
3.2.1 Industrial Applications

Recommended Stem Lengths, in.

and encloses the bimetallic element. 2%
4
stert lengthinsée length, stem. 6
sterft, pldin: see connector, plain. 9
h L +1 11 11 P L +1 P 12
Sto,b Pll’l. d LUlllPUllﬁllL UIT UIC Uldl Uldl IIIIiaeS Ui IIMOLIOIT 15
of the pointer. 18
24

swivel nut: see connector, jam nut.
threaded ring: see ring, threaded.
threaded window: see window, threaded.

thermometer, liquid-filled: one that contains a liquid to
protect the internals from damage caused by vibration.

thermowell: a pressure-tight receptacle adapted to receive
a stem and provided with external threads or other

NOTE: Nonstandard stem lengths may be required for special
applications. Some ranges may not be available with stem lengths
shorter than 4 in. Where applications require a thermowell, stem
length and diameter must be compatible with the thermowell.

3.2.2 Laboratory Application. Typical stem length
for the laboratory application of bimetallic actuated ther-
mometers is 8 in.
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3.2.3 Pocket Thermometer. Typical stem length for
pocket bimetallic actuated thermometers is 5 in.

3.3 Stem Diameter

3.3.1 Industrial Applications. Forindustrial applica-
tions, %-in. O.D. (outside diameter) is normally sup-
plied. For stem lengths over 36 in., %-in. O.D. or a
combination of %-in. and %-in. O.D. may be considered.

Fahrenheit and Celsius. Dual-scale dials are useful
where thermometers are used on equipment that may
be used internationally or where users plan to convert
from one unit of measure to another.

The unit of measure shall be noted on the dial either
by the word Fahrenheit or Celsius or the abbreviation
“F” or “C.” The degree symbol (°) is optional. The value
of a subdivision may also be indicated.

3.3.2taboratoryamdPocket Thermometer Apptica-
tions. For laboratory and pocket thermometer applica-
tions, %4-in. O.D. to ¥4-in. O.D. is normally supplied.
Since tljis item is not used in conjunction with a ther-
mowellf diameter may vary.

3.4 Typical Ranges

3.4.1 Industrial and Commercial Applications
OF OC
-100/100 -50/50
-40/160 0/100
0/250 0/150
50/400 0/200
50/550 0/300
150/750 0/400
200/1,000 100/550
3.4.2 Laboratory and Pocket Thermometer
Applications
°F °C
-40/160 -50/50
-25/125 0/50
0/220 0/100
50/300 0/150
50/400 0/200
50/550 0/300
NOTE: ther ranges are in common use and agceptable.

3.5 Construction (See Fig. 4)

3.5.1

Case

3.5.1.1 General. Case$ may be fabricated from
variouq materials using ¥arious manufacturing pro-
cesses But most commenly are made of stainless steel.
Cases nhay be hermetically sealed to prevent the incur-
sion of jundesirable‘environmental contaminants.

3.5.1.2 Case’Closure. Typical closure methods
includg threading the window directly to the case,
retaininfg \the window by a ring, or forming the case

3.5.3.2 Graduations. The recommended mfini-
mum arc of the scale is 270 deg. Special applicatjons
and ranges may require other arcs.
Graduation lines should be radial to the“centet of
rotation of the pointer. Major and intertediate gradua-
tion lines should be emphasized. Scale; numeral, pnd
graduation increments should follow-the format 1 x [10",
2 x 10", or 5 x 10", where n%i$)a whole positiv¢ or
negative number or zero.
The smallest graduatioriincrement should not exdeed
twice the absolute value of the error permitted at mid-
scale.
Numerals should-be sufficient to enable the obsefver
to quickly and~accurately identify any temperatpire.
They should nhot obscure or crowd graduations.

3.5.3:3 Anti-Parallax Dial. Some dials are desighed
so that the plane of the graduated portion is nominally
the'same as the plane of the pointer; others are provided
with a reflector band (mirror dial). These configuratjons
minimize the effect of reading error introduced by vigual
misalignment.

3.5.4 Pointer. The pointer shall rotate clockwise
with increasing temperature. The width of the tip of|the
pointer should be no greater than approximately twice
the width of the minor graduations. The radial distgnce
between the pointer tip and the inner end of the minor
graduations should not exceed the width of the tip of
the pointer. In the case of a dual-scale dial, the poihter
width should be maintained at a minimum so as ngt to
obscure the inner scale. The radial distance between
the tip of the pointer and the inner end of the minor
graduations of the outer scale should not exceed |the
width of the tip of the pointer.

3.5.5 Connector

3.5.5.1 ConnectorLocation. The following connec-
tor locations are available:

over the edge of the window.

3.5.2 Indication Adjustment. Some thermometers
are provided with a pointer-adjusting device, which is
accessible by removing the window, or with a dial-rotat-
ing mechanism, accessible without removing the win-
dow. Other thermometers are nonadjustable.

3.5.3 Dials

3.5.3.1 Units. Dials are normally graduated in
either Fahrenheit or Celsius, or with two scales, such as

(a) adjustable angle
(b) back

(c) bottom

(d) left side

(e) right side

(f) top

3.5.5.2 Connector Type.
types are available:
(a) plain

The following connector
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Fig. 4 Bimetallic Actuated Thermometer — Typical Components

/ Case

Bimetallic
K element

Pointer Ring

\Connector
Shaft

=i

N

C ‘ ((ceeeeececce,

l
.

/

Stem

GENERAL NOTE:

p) threaded

) union

/) jam nut

(hreaded, union, and jam nut connectors are available
th various sizes of tapered or straight threads.

— N~

=

wW.

B.5.6 Stop Pin. Some thermometers are provided
with a stop pin. The purpose of the stop pinis.to prevent
the|pointer from rotating to a graduated _portion of the
scale when temperatures either above or.below the indi-
cat¢d range are applied.

B.5.7 Window

3.5.7.1 Laminated Glass Laminated glass shall
comply with ASTM C<1172 Kind LA. This glass offers
sone protection in all\applications. It reduces the possi-
bility of glass particles scattering if there is mechanical
darphage.

3.5.7:2 Heat-Treated Glass. Heat-treated glass
shalll comply with ANSI Z26.1. This glass has greater
resistance to mechanical damage than plain glass.

This illustration is not intended to show design details.

O0-@0) R

%

\ Dial \ Window

3.5.8 Stem

3.5.8.1 General. The stem encloses the bimetallic
element and is generally made of tubular stainlfss steel
(see paras. 3.2 and 3.3).

3.6 Accuracy

3.6.1 Thermometer accuracy is graded a$ shown
in Fig. 5.
3.6.2 Adjustment of the angle between dase and

stem of a thermometer with an adjustable angle|connec-
tion may affect the thermometer’s accuracy. This effect
should not exceed 0.5% of span.

3.6.3 Exposure of the thermometer to tempgratures
exceeding the maximum range may affect accuracy. Con-
sult the supplier for temperature limits (see pafra. 6.3).

3.6.4 Sensitive length will vary with temperature
range and manufacturer. Consult the supplier fof recom-
mended immersion length, which must be greater than
the sensitive length to avoid inaccurate readirgs. Gas

3.5.7.3 Plastic. Abrasive environmental and
impact conditions, especially excessive temperature and
corrosive atmosphere, must be carefully considered to
determine the type of plastic best suited for the
application.

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

service—acenerallreguires—a—areaterimmersion length
Fiee-generany—reqtires—a—greater—HRnersion g

than liquid service.

3.6.5 See section 6 for testing procedures.

3.7 Response Time

Response time is the time required for a thermometer
to respond to a step change in temperature.

Response time varies according to a number of interre-
lated parameters, including the following:

(a) temperature differential
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Fig. 5 Accuracy Grades
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EXAMPLES:
(1) Range(0°F7250°F. Grade A
Span= 250 — 0 = 250°F

Accufacy at 20% of span (50°F) = +1% = +2.5°F
Accuracy at 50% of span (125°F) = +1% = =2.5°F
Accuracy at 100% of span (250°F) = £1% = *2.5°F
(2) Range -40°F/160°F. Grade D
Span = 160 — (-40) = 200°F
Accuracy at 20% of span  (0°F) = +3.4% = +=6.8°F
Accuracy at 50% of span (60°F) = +1% = +2.0°F
Accuracy at 100% of span (160°F) = +5% = +10.0°F

(3) Range 50°F/300°F. Grade AA

Span =300 — 50 = 250" F
Accuracy at 0% of span  (50°F) = +1% = .5°
Accuracy at 50% of span (175°F) = £0.5%
Accuracy at 70% of span (225°F) = +0.7% =
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(b) depth of immersion

(c) heat-transfer capability, including flow effects of
process medium

(d) whether or not the instrument is in a thermowell

(e) thickness of the thermowell wall

(f) conductivity of the thermowell material

(g) air gap and/or medium contained within the ther-
mowell to transfer heat from the thermowell to the stem

(k) friction within the thermometer

(1) viscosity, location, amount, and thermal character-
istits of dampening medium, if present

[he user is encouraged to determine whether or not
response time is critical.

4 |SAFETY
4.1| Scope

[his section of the Standard presents information to
guife users, suppliers, and manufacturers towards min-
imiging the hazards that could result from misuse or
migapplication of thermometers. The user should
bedpome familiar with all sections of this Standard, as all
aspeects of safety cannot be covered in this section. Con-
sult the supplier for advice whenever there is uncertainty
abdut the safe application of a thermometer.

4.2| General Discussion

4.2.1 Adequate safety results from intelligent plan-
ning and careful selection and installation of a thekmom-
etef into a system, the temperature of which-is to be
mepsured. The user should inform the supplier of all
cor(ditions pertinent to the application and.systems envi-
ronment so that the supplier can re¢ommend the most
suifable thermometer/attachments,for that application.

.2.2  Many applications of-thermometers, particu-
larlly those with plain connectors, involve temperature
mepsurement of unpressurized systems. In general, the
pripcipal hazards of \using thermometers at ambient
prepsure are those(@ssociated with proximity to the sys-
ten} being meastired (e.g., exposure to hot liquids, corro-
siv¢ material,“freezing fluids, etc.).

.2.35\Safe use of a thermometer with a threaded
connector in a system where the stem is not protected

unprotected stem. Thermowells facilitate the removal
and reinstallation of thermometers without creating a
temporary leak and without requiring process shut-
down. They protect the stem from excessive tempera-
tures and corrosive attack by the process medium and
against structural damage caused by fluid velocity-
induced vibration.
To improve response time, the space surrounding the
ithi e illed with a heat
transfer medium suitable for use at the processt¢mpera-
ture.! Consult the thermowell supplier for-proppr selec-
tion and application.

4.2.5 Expansion of air or othetyfluids trapped in
a sealed case (sealed by design or otherwise) may cause
a blowout failure of the window. When high pmbient
temperatures are expectedj\stich a blowout pgssibility
should be considered. Aftet,a period of time, angnsealed
case may become sealed due to an accumulation of
varnish-like atmosphetic contamination.

4.3 Safety Recommendations

4.3.1_< DBressure and temperature ratings sHould be
determinied by the manufacturer, and an unpfotected
stemshould not be used beyond the recommenfded rat-
ing \Installation of any thermometer should be|consist-
ent with application codes.

4.3.2 The location of the thermometer should be
such that injury to personnel and damage to groperty
is minimized in the event of an accidental bgeach of
stem/thermowell combination.

4.3.3 For liquid-filled thermometers, it Has been
general practice to use glycerin- or silicone-filling lig-
uids. However, these fluids may not be suitable for all
applications. They should be avoided where strpng oxi-
dizing agents, including (but not limited to) [oxygen,
chlorine, nitric acid, and hydrogen peroxide, are
involved. In the presence of oxidizing agents, a gotential
hazard can result from chemical reaction, ignftion, or
explosion. Completely fluorinated or chlorinatefl fluids,
or both, may be more suitable for such applications.

4.3.4 Liquid-filled thermometers may not be avail-
able in all ranges because of the effect of temperature
on the fill material. Since a liquid-filled, bimetallic ther-
mometer is completely filled with fluid, including both

by h thermowell rp(lnirpq that factors suich as the follow-
ing be considered:

(a) effect of static pressure and maximum transient
pressure on the stem integrity

(b) effect of temperature on material

(c) any corrosive effects on stem materials

(d) flow-induced vibration on the stem

(e) consequences of accidental breaching of the stem

4.2.4 Thermowells permit the use of thermometers
at higher pressure than could be safely applied to an

its stem and case, the 1l 15 exposed to the process tem-
perature. Not only will the fill expand as the temperature
increases, raising pressure inside the case, but it may
also degrade because of continuous exposure to extreme
temperature. Because of the possibility of temperature-
induced pressure inside the case, plain glass windows
must not be used.

! Care should be taken to avoid heat-transfer medium from con-
tacting the connector of the thermometer.
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4.4 Reuse of Thermometers

Should it be necessary to reuse a thermometer in
another application, accuracy should be checked, sur-
faces should be thoroughly cleaned, and all require-
ments of a new installation should be considered.

CAUTION: Failure to thoroughly clean the thermometer could
result in an explosive reaction and/or accelerated corrosion of
the stem.

(3) High-temperature salt baths often contain salts that are not
compatible with other salts. Moving a thermometer from one
bath to another without cleaning the first bath residue from
it can result in an explosion. Similarly, while not explosive,
any water carried from a low-temperature bath to a high-
temperature bath has the potential to flash into steam. This
flashing can throw extremely hot liquid from the high-tem-
perature bath for significant distances. This type of steam/
salt bath explosion can cause severe injury.

5 SELECTION CRITERIA

Whe
lowing
(a) t
operati
3.4)
(b) agcuracy grade required (see para. 3.6)
(c) cgse size (see para. 3.1)
(d) cgse, ring, stem, and connector materials
(e) window material
(f) logation of connector to provide maximum read-
ability when installed
(g) cgnnector type, threat type, and size
(h) stem length and diameter (see paras. 3.2 and 3.3)
(i) process compatibility
(j) erfjvironmental conditions
(k) ppinter adjustment or external reset, if required
(I) hgqrmetically sealed case, if required
(m) Variations, options, and/or accessories, including
(1) [liquid-filled thermometer
(2) [minimum-indicating pointer
(3) [maximum-indicating pointer
(4)|special dial marking or tagging
(5) [thermowell

selecting a thermometer, section 4 and the fol-
ust be considered:
perature range or the minimum and maximum
g temperatures and unit of measure (see para.

6 TEST PROCEDURES
6.1 Scope

This pection is intended\to’provide an outline of the
paramdters used when evaluating thermometer per-
formange and to suggest evaluation guidelines. These
test methods may:er may not satisfy the requirements
of the Intended<applications. When it is known that
the thefmometer will encounter conditions more or less
severe than.those specified, the tests may be modified
to matc TCatt . i
in the intended application is generally the best evalua-
tion method.

CAUTION:

(1) The test equipment utilized for the tests in this section often
operate at potentially dangerous high or low temperatures.
Hazards may exist for skin burn, steam flash and/or explo-
sion, eye injury, and other health hazards.

These tests should be performed ONLY by competent,
trained individuals familiar with the test procedures and test
equipment.

(2)

10

6.2 Accuracy

6.2.1 Purpose. This test determines the‘accuracly of
the thermometer under test in compliancelwith para.|3.6.

6.2.2 Procedure

(a) Throughout this test, thebath temperature shall
be measured using a calibration standard. The accugacy
of the standard should be ‘at“least four times thaf of
the thermometer under fest: The bath must be propgrly
agitated.

(b) Immerse the stem of the thermometer to be tes
to the manufactdrer’s recommended depth.h mus
properly agitated.

(c) Before'starting the accuracy test, precycld by
immersihg the stem at least once in hot and cold bgths
with ¢emperatures close to the high and low valuep of
thé.span.

ted
be

(d) Readings are to be taken, after gently tapping, at
approximately 10%, 50%, and 90% of the span, Hoth
increasing and decreasing temperatures. Comparison
with the calibration standard shall be made at each pdint.

(e) Readings should be taken before and after gently
tapping the thermometer. The difference between|the
readings at a given temperature is the friction efror
expressed as a percentage of span.

6.3 Under-/Over-Temperature

6.3.1 Purpose. This test determines the effec of
short-term exposure to process temperature either above
or below the indicated range limits. Prior to testing|liq-
uid-filled thermometers, consult the manufacturer| for
recommended maximum temperature.

6.3.2 Procedure

(b) Raise temperature of stem by approximately 10%
of the span over the highest indicated value. Maintain
for approximately 5 min (e.g., for range of 50°F/400°F,
test temperature would be approximately 435°F).

(c) Repeat accuracy test (see para. 6.2).

(d) The difference between the reading in (c) and (a)
above is the effect of over-temperature.

(e) Lower temperature of stem by approximately 10%
of the span below the lowest indicated value. Maintain
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for approximately 5 min (e.g., for range of 50°F/400°F,
test temperature would be approximately 15°F).

(f) Repeat accuracy test (see para. 6.2).

(¢) The difference between the readings in (f) and (c)
above is the effect of under-temperature.

6.4 Storage

(b) Each of the tests specified below shall be con-
ducted separately in each of the three mutually perpen-
dicular axes. All tests in one axis shall be completed
before proceeding to test in another axis.

(c) The thermometer under test shall be secured to
the vibration table in the same manner that it will be
secured in service. The mounting device shall be suffi-
ciently rigid to ensure that its motion will be essentially
the same as the motion of the table of the vibration

6.4.1 Purpose. This test determines the effect of
tenjperature extremes that may be encountered during
storage.

6.4.2 Procedure

(#) Test for accuracy (see para. 6.2).

(b) Place the thermometer in a temperature chamber
at the manufacturer’s recommended high limit of stor-
aged temperature for a period of 24 hr.

(¢) Place the thermometer in a temperature chamber
at the manufacturer’s recommended low limit of storage
tenjperature for a period of 24 hr.

(#) Repeat this 48-hr cycle for a total of two complete
tesfs; allow the thermometer to stabilize at room temper-
atufe.t of storage temperature for a period of 24 hr.

(¢) Repeat accuracy test (see para. 6.2).

(P The difference between the two accuracy tests is
theleffect of storage temperature, expressed as a percent-
agq of span.

6.5| Load

6.5.1 Purpose. This test determineg-the effect of a
specified external load applied to a thermometer sup-
pligd with a threaded connector.

6.5.2 Procedure

1) Test for accuracy (se€\para. 6.2).

p) Mount the thermemeter using the connector.

) Gradually apply~a load of 150 Ib, as shown in
6, and maintdin-for at least 1 min.

) Repeat accuracy test (see para. 6.2).

) The difference between the two accuracy tests is

the| effect. 0f "the load test, expressed as a percentage

of dpan

3]
=3
~ ~ 09 ~ ~ —~

machine.
(d) To determine the presence of resonanges, the ther-
mometer under test shall be vibrated at fréquendies from
5 Hz to 60 Hz at peak-to-peak amplitudes, as per] Table 1.
The change in frequency shall be’made in discfete fre-
quency intervals at approximately -1 Hz and majntained
ateach frequency for 15 sec. Fhe'frequencies and Jocation
at which resonances occur shall be noted.
(e) The thermometer\shall be tested for a ppriod of
2 hr in each of the mfutually perpendicular axes| (6 hr in
total) at the resonant frequency. If more than ope reso-
nant frequencyexists, the rest shall be conductgd at the
highest resofiant frequency. If no resonance is observed,
the test shall be performed at 60 Hz. The amplitude of
vibration shall be in accordance with Table 1.
(f)“Repeat accuracy test (see para. 6.2).
(g) The difference between the two accuracyj tests is
the effect of vibration, expressed as a percentagelof span.

6.7 Hermetic Seal

6.7.1 Purpose. This test determines if a sedlled case
can be described as hermetically sealed as it peftains to
a bimetallic actuated thermometer.

6.7.2 Procedure
(a) All tests involve a complete thermometer,
a thermowell.
(b) Fully immerse the thermometer in water
dial did not more than 6 in. below the surface.
(c) Transfer from one water bath to the nex{ within
30 sec.
(d) Subject the thermometer to the following sequence
of temperature changes:
(1) air at 65°F/85°F for a minimum of 2 hy
(2) water at 150°F/160°F for 15 min
(3) water at 40°F/50°F for 15 min
(4) water at 150°F/160°F for 15 min
(5) water at 40°F/50°F for 15 min

without

with the

(L Any obvious damage or severe distortion should
be noted.

6.6 Vibration

6.6.1 Purpose. This test determines the effect of
6 hr of exposure to the test described below.

6.6.2 Procedure
(a) Test for accuracy (see para. 6.2).

11

t6)—airat-35°F 40 Ffort+r

(e) Examine the thermometer. Evidence of leakage,

condensed moisture, or fog within the thermometer at

any point during or subsequent to the test procedure

indicates that the thermometer does not meet this defini-
tion of hermetic seal.

7 REFERENCES

ANSI 726.1-1990, Safety Code for Glazing Materials for
Glazing Motor Vehicles Operating on Land Highways
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Fig. 6 Load Test
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GENERAL NOTE: Test in each position shown.
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Table 1 Vibration Test Amplitudes

Frequency, Hz Amplitude, in. Amplitude, mm
5to 15 0.060 + 0.012 1.5+ 0.3
15 to 25 0.040 = 0.008 1.0 £ 0.2
26 to 33 0.020 + 0.004 0.5 +£0.1
34 to 40 0.010 = 0.002 0.25 + 0.05
41 to 60 0.005 + 0.001 0.013 + 0.025
Publisher: American National Standards Institute NY 10016-5990; Order Department: 22 LawDrtjive, P.O.
(ANSI), 25 West 43rd Street, New York, NY 10036 Box 2300, Fairfield, NJ 07007-2300

ASME B1.20.1-1983 (R1992), Pipe Threads, General
Hurpose (Inch)
ASME PTC 19.3-1974 (R1986), Instruments and Appara-

ASTM C 1172, Standard Specificafion for Laminated
Architectural Flat Glass

ths: Part 3, Temperature Measurement Publisher: ASTM International (ASTM), 100 Bar Harbor
Publisher: The American Society of Mechanical Drive, P.O. Box C700, West Conshohocken, PA
Hngineers (ASME), Three Park Avenue, New York, 19428-2959

13
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NONMANDATORY APPENDIX A
BIMETALLIC ACTUATED THERMOMETERS
(SUPPLEMENTARY INFORMATION)

This Appendix, established for naval shipboard appli-
cation, [shall apply when specified in the contract or
purchade order. When there is conflict between the Stan-
dard (ASME B40.3) and this Appendix, the requirements
of this Appendix shall take precedence for equipment
acquirefl in accordance with this supplement. This docu-
ment sypersedes MIL-I-17244, Indicators, Temperature,
Direct Reading, Bimetallic (3-in. and 5-in. dial) for new
ship cofstruction.

A-1 SCOPE
This

resistar

Appendix covers 3-in. and 5-in. dial size, shock
t, environmentally hardened, bimetallic ther-
mometgrs. Two configurations, direct reading tempera-
ture injdicating (ITD) and maximum/minimum
temperpture indicating (ITM), are specified for ship-
board yse.

A-2 GENERAL REQUIREMENTS
A-2.1 (

Thergnometers shall utilize dial sizes of either 3 in. or
5in.

ase (Dial) Sizes

A-2.2 Stem Length

Thertnometers shall utilize 2-in., 4<in., and 6-in. stem
lengths|as shown in Fig. A-1;

A-2.3 Stem Diameter

Therthometers shall\Mitilize 0.375-in. stem diameters,
only.

A-2.4
Therrrometer ranges shall be selected from Table A-1.

anges

Fig. A-1 Connection and Stem Dimensions
“Ig in. 1/ g4n min.
(Across flats) l /gy in).
I [ I
| |
3/, in. - 28 UNS - 2A ! < I
\ R 1 25/3|in.
9/16 in. max. ! !
| I
l<—0.710 in.>
Detail A-A
See Detail A-A
Jam nut /
r 7/16 in.
) 13z in.
0.621 in. max. 9/35 in.-
Marked for
immersion depth —
B v
=—]
=—] A
— C
—
0.377 in. max. o
0.373 in. min.
A B, +'/5, C, /5,
2 3Y%, 2
4 5%, 2
6 7%, 3
GENERAL NOTE: All dimensions are in inches.

A-2.5 Construction

A-2.5.1 Case. Thermometer cases shall be fabri-
cated from corrosion-resisting steel (CRES) as specified
by ASTM A 276, series 300 and shall have a satin or
brushed finish.

A-2.5.2 Dial. Thermometer dials shall be fabricated
to resist damage from corrosion and temperature. Dials
shall have a white or silvered background with black
graduations and markings.

14

A-2.5.2.1 Markings.
the following;:
(a) manufacturer’s name or trademark
(b) manufacturer’s CAGE (Commercial and Govern-
ment Entity) code
(c) Part Identifying Number (PIN)
(d) National Stock Number (NSN)

A-2.5.3 Window. Windows shall be fabricated from
thermoplastic in accordance with ASTM D 788.

Dial markings shall include
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Table A-1 Thermometer Ranges

Range of Accuracy, Min. Number of Degrees Min. Number of Degrees

Scale, °F °F Between Graduations Between Numbers
-40 to 180 2.2 2 20

20 to 240 2.2 2 20

50 to 550 5.0 5 50

50 to 750 7.0 10 100

Optional method
of attachment

Bulkhead —\

Fig. A-2 Thermometer-Mounting Bracket (for ITM Indicator)

—— 2 in. =

-2.5.4 Gaskets. Gaskets shall be fabricatéd”from

lesq than 210°F on ranges above 240°F.

A-2.5.5 Pointers. Indicating'pointers shall be non-
reflective black. Index pointers”(maximum and mini-
indicator only) shall~be’red.

\-2.5.6 Reset Knob.\ Reset knobs for maximum and
mifimum indicators shall be fabricated from CRES.
Redet knobs shall\be accessible to the operator.

\-2,5.7 Stem. Stems shall be fabricated from CRES.
Alljjoints.in\the stem and connection (see Fig. A-1) shall
be welded and leak tight.

CRES and shall have 3%-28-UNS threads. Tapered pipe
threads are not permitted.

A-2.5.9 Mounting Bracket. A thermometer-mount-
ing bracket may be used to install a thermometer in
locations where ambient air temperature readings are
required. For example, ITM indicators are intended for
installation in ammunition and pyrotechnic magazines/

lockers. The mounting bracket shall be in accordance
with Fig. A-2.

<—17/5 in. > 1 intd

Bimetallic 3 N\ 3 L
: thermometer (7 ! : i i N W |LJ| ,,,,,
| 1/4 in. > - > <—|
Threaded 5/g in. | 773y in
Slots for optional
77777 bolting + 3in.
Rubher / Tin
| | grommet | | Yy + !
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A-2.6 Thermowells
Thermowells shall be in accordance with ASME B40.9

and its Nonmandatory Appendix A.

A-2.7 Cleaning and Packaging

Unless special cleaning, drying, unit protectjon, and
intermediate packaging are specified, the bifnetallic
thermometer shall be cleaned, dried, and bagged with
boxing in accordance with ASTM D 3951.

A-3 TEST PROCEDURES AND REQUIREMEN1
A-3.1 Responsibility for Inspection

S

Unless otherwise specified in the contract or qurchase
order, the manufacturer is responsible for perf¢rmance
of all inspection requirements as specified herein.
d O C S d d
the manufacturer may use his own or any other facilities
suitable for the performance of the inspection require-
ments specified herein, unless disapproved by the pur-
chaser. The purchaser reserves the right to perform any
of the inspections set forth in the standard where such
inspections are deemed necessary to ensure supplies
and services conform to prescribed requirements.

A-3.1.1 Responsibility for Compliance. All items
shall meet all requirements of section A-3. The inspection

CI'W O OI' pu
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A-3.4 Accuracy

Accuracy tests shall be conducted in accordance with
para. 6.2 of ASME B40.3. Accuracy shall meet the
requirements of Table A-1. Maximum/minimum tem-
perature-indicating (ITM) indicators shall be permitted
an additional error for a total of twice the specified
accuracy when index pointers are in contact with the
indicating pointer.

Table A-2 Inspection Requirements
Tests and Qualification Conformance
Examinations Inspection Inspection
Accuracy X X
Repeatability X X
Inclination X
Thermal response X
Load X
Enclospre-teakage X
Fog X
Vibratipn X
Shock X

set forth in this specification shall become a part of
the manjufacturer’s overall inspection system or quality
prograth. The absence of any inspection requirements
in this gpecification shall not relieve the manufacturer
of the fesponsibility of ensuring that all products or
supplief submitted to the purchaser for acceptance com-
ply with all requirements of the contract. Sampling
inspection, as part of the manufacturing operations, is
an accgptable practice to ascertain conformance to
requirements; however, this does not authorize submis-
sion of|known defective material, either indicated or
actual, for does it commit the purchaser to accept defec-
tive mafterial.

A-3.2

A-3.R.1 Qualification Inspection. Qualification
inspectfon shall consist of tests and examinations listed
in Tabl¢ A-2 and shall be performed and passed\prior
to production. Qualification inspection shall:be per-
formedfon samples that have been produced with equip-
ment aind procedures normally used in production.

lassification of Inspections

A-3.2.2 Conformance Inspection. Conformance
inspectjon shall consist of-tests and examinations listed
in Tabld A-2 and shallbéperformed and passed by each
thermommeter.

A-3.3

If anfy thermometer fails to meet the inspection
requirements of Table A-2, no thermometer shall be

cceptance’Criteria

A-3.4.1 Repeatability. The indicators shall bettegted
for the initial accuracy three times. The spread )of|the
data at any point shall be within +%% of the specified
accuracy.

A-3.5 Inclination

With the indicator held so as to-face the dial and With
the pointer in a vertical positior, the instrument shall
be rotated to place the peinter 60 deg to the left pnd
then 60 deg to the right‘ef vertical. The indicator shall
be within %% of the specified accuracy in both positipns.
The indicator shall)be at ambient condition duging
this test.

A-3.6 Thermal Response

Test témiperature and bath medium shall be in acfor-
dancéwith Table A-3. The response time shall not exdeed
15%sec when installed in a thermowell. The indicafors
shall be stored upright with the stems vertical for % hr
before the response test.

fmal
N in

WARNING: Use extreme caution when performing a the
response test or another test using hot bath. See CAUTIO
para. 6.1 of ASME B40.3.

A-3.6.1 Response Time. A standard cylinder shall
be used for this test. The information needed to construct
a standard cylinder is provided on Fig. A-3. Connecting
wires from the standard cylinder thermocouple shall
terminate at an ice bottle, ice point reference junctjon,
or a reference junction-compensated electronic indicgtor.
If an ice bottle or ice point reference junction is uged,
the extension wires coming from the reference junction
shall be connected to an indicator such as a potentiome-
ter or a millivolt recorder. No matter what form of indjica-
tor is used, the indicator shall have a response time|not
less than two times faster than the response time of| the
temperature rise that the standard cylinder will meagure

accepted until the manufacturer has determined the
cause of the defect and has taken necessary action to
correct or eliminate the defect from each thermometer.
The failed test shall be repeated to demonstrate that the
corrective action will enable the thermometers to meet
the specified requirements. In addition, the results of
previous inspections may be deemed invalid, unless the
manufacturer can prove to the satisfaction of the pur-
chaser that such test would not be adversely impacted
by the corrective action.
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{see—TableA4)Respensetime measurementshall be

conducted using either a stop watch or any method
capable of timing to 0.2 sec or better.

A-3.6.2 Temperature Bath. Two temperature baths
are used in performing this test. The baths shall be suffi-
ciently large or constructed in such a manner that the
temperature bath fluid will not be cooled by greater
than 0.5% of the span when either the cylinder or the
bimetallic thermometer is immersed. The “hot” bath
shall contain a variable speed stirrer and be thoroughly
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Table A-3 Thermal Response Test Bath Mediums and Temperatures

Range Bath Initial T, Start T, Stop Bath
(Symbol) Medium Temperature, °F Timing, °F Timing, °F Temperature, °F
18 Water 50 80 143 180
24 Water 50 80 143 180
55 Water 50 80 143 180
75 Salt 400 500 626 700

Fig. A-3 Standard Cylinder

/—Connecting wire to cold junction

24-gage iron-constantan thermocouple
/ connecting wire duplex glass covered

/1/8 in. S.S. tubing
/Collar to indicate correct
depth of immersion
8in. i rl:‘jj P

. Silver braze
1in. /
\
A ¢

/— Copper

| Drill 3/35 in. x 4 in.
from top of cylinder

8in, |~ See Detail A
Thermocouple wire
| Tin (approx. Thermocouple measurin
-_ 0.025 g) Tomrction (l\ll?lu teads ’
Y ( q W welded together)
—»| 5/gin. |=— Detail A

diameter

17
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Table A-4 Response Time for Standard Cylinder

Bath Medium Response Time, sec, +0.2
Water 6
Salt [Note (1)] 8

NOTE:
(1) Noncorrosive low melting point mixture of nitrates and nitrites
of sodium and potassium. The liquid shall be stable at all

be within the limits of Table A-4 for the trial to be consid-
ered valid.

A-3.7 Load

The indicator, while mounted in its thermowell, shall
be tested in accordance with para. 6.5 of ASME B40.3.
Enclosure leakage test shall be conducted before and
after the load test.

operquRETIempeTatTes: A-3.8 Enclosure Leakage
The thermometer case shall be tested for leakagp in
] o ] ) accordance with para. 6.7 of ASME B40.3. The indicator
agitated. Two liquid temperature bath fluids are permis- ¢ 11 show no signs of leakage.

sible foff use with this test and are specified in Table A-3.
The tenfperature range classification designation of the
bimetzﬁric thermometer will determine which of these
two flujds shall be used. The temperature at which the
fluids i the two temperature baths are set are listed in
Table A-3. One fluid temperature is referred to as the
“cold bpth temperature,” while the other is referred to
as the ‘thot bath temperature.”

A-3.6.2.1 Set Up. The conditions in the hot tem-
peraturg bath fluid shall be set up such that the standard
cylindet response time will be within the limits specified
in Table A-4. Hot temperature bath fluid conditions and,
thus, the standard cylinder response time will be
changedl by varying the agitation parameters. The stan-
dard cy]inder shall be immersed in the temperature bath
fluid tofthe bottom of the standard cylinder collar (see
Fig. A-3for location). The standard cylinder shall always
be immersed in the hot temperature bath fluid in the
same ldcation and orientation.

A-3.6.3 Determining Response Time. The bulb of
tallic thermometer (or standard‘cylinder) shall
rsed in the hot temperatureath until there is
no further indication of temperatiare Tise. The bulb of
the thefmometer (or standard Cylinder) shall then be
immersed in the cold temperature bath until there is no
further findication of température decrease. The bulb of
the thefmometer (or standard cylinder) shall again be
immerspd in the hottémperature bath. Timing shall be
started when the thermometer (or stand cylinder) indi-
cator refiches teaperature T, (see Table A-3) and stopped
when t¢mpefatiire T, is reached. The time it takes the
thermometer/(or standard cylinder) to indicate the dif-

A-3.9 Fog

After completion of the finaleycle of the enclogure
leakage test, the indicator shall be placed in a cooling
cabinet held at a temperature’between 35°F and 40°F.
After 1 hr the indicator‘shall be visually examined to
determine that no signs(of condensed moisture (fog) are
evident inside the enclosure.

A-3.10 Vibration

The vibration test shall consist of two parts, an expllor-
atory testand an endurance test. Indicator stem temper-
aturecduring all tests shall be 70°F and 85°F. Mounting
fixture and orientation shall be as shown in Fig. A4.

A-3.10.1 Exploratory Vibration. The direct reading
temperature indicator (ITD) shall be subjected to a rqpid
exploratory test from 5 Hz to 500 Hz in 1-Hz incremgnts,
each frequency to be held for a minimum of 5 $ec.
Displacement or vibratory amplitudes for ITD degign
indicators shall be as specified in Table A-5. The ITM
design indicator shall be tested in accordance with
MIL-STD-167-1, Type 1.

Subsequent to the rapid exploratory scan, the [TD
design indicator shall be subjected to a detailed r¢so-
nance search from 500 Hz to 5 Hz in 5-Hz increments.
Displacement shall be as specified in Table A-5. Hach
5-Hz incremental frequency shall be maintained for a
minimum of 2 min. ITM design indicators shall be tegted
in accordance with the variable frequency tes} of
MIL-STD-167-1, Type 1. Additionally, any frequepncy
where resonance of any part of the indicator yas
detected during the initial rapid exploratory test shall
be subjected to the 2-min detail resonance search| for

ference beltueen {—ompovnhivnc Tl and-T.shall be defined
as the response time.

A-3.6.4 Conducting Test. The response time test
shall be conducted by taking alternate response time
measurements between the standard cylinder and ther-
mometer. Each alternation of the standard cylinder’s
then the thermometer’s response time measurements
shall be defined as a trial. At least four trials shall be
required in a temperature bath fluid of water and four
trials in salt. The standard cylinder response time shall

18

ITD design or 5 min for ITM design.

During the exploratory vibration tests, the indicator
shall perform within the limits of the following:

(a) Accuracy shall be within the specified require-
ments before and after the vibration tests.

(b) Pointer oscillation shall not exceed three times the
specified accuracy. Center of oscillation shall be within
+1% of the reading obtained under static condition.

(c) Indices of maximum and minimum indicators
shall not shift during testing.
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Fig. A-4 Mounting Fixture and Orientation for Indicator Vibration Tests

Pinion gear Displacement component
(connected to calibration in plane of case
adjustment screw)

>
Vi
Line between z
gear centers Scale gear
Section A-A
[Note (1)]
Resultant

displacement
45 deg 45 deg

Displacement component a» Displatement component
in plane of case perpendicular to case

Typical bottom connected Vibration
indicator installation7 directidn
A

Typical back
/ connected indicator
installation

Calibration /‘\ A
adjustment N

screw

45 deg ’ SN / e
7 7/

N
N7 1
e Calibration
Length to suit indicator adjustment screw
size (If exciter permits a

large enough block, drill /

to accommodate 6 in."Stem.) \ Block drilled identical

/ to interior of thermowell
A

luminum block (Dimensions to suit exciter

weight limitation and number and size of
indicators accommodated at one time.

Block shall be large enough to be completely rigid.)

GENERAL NOTES:
(a) Method of fastening block to exciter table is optional
but shall not reduce setup rigidity

(b) Displacement components = 0.707 (input displacement).

NOTE:
(1) Displacement component in plane of case is perpendicular
to line connecting gear centers.
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Table A-5 Displacement Criteria for ITD Design

Indicators
Frequency Displacement
Range, Hz (in., peak to peak)
5to 20 0.300
21 to 500 22.67 (freq.)t?

A-3.11 Shock

A shock test shall be conducted in accordance with
grade A, class I, type C requirements for lightweight
equipment specified in MIL-S-901. Nine blows shall be
applied. The indicator shall be mounted with a 4C fix-
ture, mounting platform No. 2. The bimetallic actuated
thermometer shall be mounted 3 in. or more from the
side or rear of the platform. The thermometer shall be

(d) A calibration shift placing data outside the data
band edtablished by the repeatability test or significant
wear on any vital part constitutes failure.

(e) Failure also results from any instrument behavior
not covered above that could be a serious vibration per-
formange defect.

(f) Z¢ro adjustment shall remain functional.

A-3.10.2 Vibration Endurance. The vibration endur-
ance tept shall include tests designed to evaluate the
vibratignal effects on the bimetallic element and the
effects ¢f vibration on component wear.

A-3.10.2.1 Bimetallic Element. The endurance test
of the Bimetallic element shall be run at the resonant
frequenfcy producing the most damage potential during
the exploratory test. Generally, this is the resonant fre-
quency [producing the greatest pointer oscillation. Dis-
placement shall be in accordance with Table A-5 for ITD
design ndicators or in accordance with the vibratory
displacement requirements of the endurance test of
MIL-STP-167-1, Type I for the ITM design. The test shall
be run [for 1 hr for the ITD design, 2 hr for the ITM
or until the indicator fails to meet the spegified
ance requirements, whichever comes.first. If

.10.2.2 Component Wear. /The vibration com-
ear test shall be run at-the“frequency causing
the worpt excitation of the indjcator case as noted during
the exploratory test. Test ddration shall be 20 hr or until
signifidant wear or damage is produced, whichever
comes first. Displacethént shall be in accordance with
Table AL5 for the ITE.design or in accordance with the
vibratofy displatement requirements of the endurance
test of MIL-STD-167-1, Type I for the ITM design. Accu-
racy vetification must be performed subsequent to this
test. In fhe@event that the case does not exhibit a resonant

DuLjCLllCd :.U dll ClLLLlLClL)’ ;.CD:. le;.cl L}lc D}lukl\ ‘l.CD;.. The
accuracy shall not exceed three times the specifiedia¢cu-
racy after all nine blows. An accuracy adjustifiient shall
bring performance within the specified accutacy.

A-4 ORDERING PARAMETERS

A-4.1 Acquisition Requirements

When specifying a thermorheter for acquisition, |the
following shall be providéd:
(a) title, number, and,date of this supplement
(b) Part Identifying Number (PIN)
(c) special dial marking or tagging
(d) mounting\bracket, where required
(e) when‘qualification is required

A-4.2 Part Identifying Number (PIN) Parameters

Bimétallic actuated thermometer PINs incorporate
following variables:

(a) design

(b) size

(c) range

(d) case form

(e) stem length

the

A-4.2.1 Part Identifying Number (PIN) Format. [The
PINs are created as follows:
EXAMPLE: B40.3S1-ITD318A2
& ‘ & O
& LS %\(" 2 <° ¥
& 5% D> & & &
R o ¥ F ¥
B40.351 ITD 3 18 A 2
A-4.2.2 Design. Thermometer design shall be one

of the following;:

frequency anywhere in the test frequency range, the
wear test shall be run at 400 Hz for ITD design or 50 Hz
for ITM design. If significant wear occurs in less than
20 hr or pointer behavior does not meet performance
requirements during the wear test, the sample fails, and
testing shall be terminated. If no significant wear is
detected at the completion of the wear test, accuracy
and repeatability verification shall be conducted. If these
requirements are met, the wear test shall be deemed to
be successfully passed.

20

Symbol Instrument Design
ITD Indicator, temperature,
direct-reading
IT™M Indicator, temperature, maximum

and minimum

A-4.2.3 Dial Size.
one of the following;:

Thermometer dial size shall be

Symbol Dial Diameter, in.
3 3
5 5


https://asmenormdoc.com/api2/?name=ASME B40.200 2008.pdf

ASME B40.200-2008 (B40.3)

A-4.2.4 Range. Thermometer temperature ranges
shall be one of the following:

Symbol Range, °F
18 —40 to 180
24 20 to 240
55 50 to 550
75 50 to 750

A-4.2.5 Case Form. Thermometer case form shall be one

A-5 REFERENCES

ASME B40.9, Thermowells for Thermometers and
Electrical Temperature Indicators

Publisher: The American Society of Mechanical
Engineers (ASME), Three Park Avenue, New York,
NY 10016-5990; Order Department: 22 Law Drive, P.O.

of the following:
Symbol Forms [Note (1)]
A Back connected
(@] Bottom connected

NOTE:
(1) pee Fig. 2 of ASME B40.3.

A-4.2.6 Stem Length. Thermometer stem lengths
shalll be one of the following:

Stem Length, in.

Symbol [Note (1)]
2 2
4 4
6 6

NOTE:
(1) pee Table A-1 of ASME B40.3.

A-

3 Ammunition and Pyrotechnic Space
Temperature Measurement

I'M indicators are intended for ammunition and
pytotechnic magazines/lockers and shall consist of 3xirt.
dia] size, back-angle form, 4-in. stem length, and40°F
to 180°F and 20°F to 240°F ranges.

B 2200 _Eaosefa1d NIT N7007 2200
\"ZavAvs ey —vivav)

DOX—0Uo T o tIC18; vy

ASTM A 276, Hot Rolled, Cold Finish Stainless and Heat
Resisting Steel Bars

ASTM D 788, Standard Classification System for Poly
(-Methyl Methacrylate) (PMMA) Moldipng and
Extrusion Compounds

ASTM D 3951, StandardRBractice for Com
Packaging

Publisher: ASTM Intefnational (ASTM), 100 Bart
Drive, P.O. Box €700, West Conshohock
19428-2959

mercial

Harbor
en, PA

MIL-STD-167-1, Mechanical Vibrations of Shjpboard
Equipment (Type I - Environmental and Type II -
Intexnally Excited)

MIL-S-901, Shock Tests, H.I. (High Impact); Shiipboard
Machinery, Equipment and Systems, Requifements
for

Publisher: Department of Defense Single Sto¢k Point
Military Specifications and Standards (DQDSSP),
Defense Automated Printing Service, 700 Robbins
Avenue, Building 4/D, Philadephia, PA 1911]1
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FILLED SYSTEM THERMOMETERS

1 SCOPE

le the mechanically converted thermal energy to
cate temperature by means of a pointer moving over
ale.

The purpose of this Standard is to present information
tha} will guide the user in the selection, installation, and
of filled system thermometers.

CLASSIFICATION

Hilled system thermometers are separated into classifi-
catfons of fill media as specified in paras. 2.1 through
2.14.2. See Table 1 for a summary of the classification
dis¢ussed below and Table 2 for typical temperature
ranges.

2.1| Classifications Defined

P.1.1 Class 1. Liquid actuated, solid filled with‘a
high volumetric expansion organic liquid (not mercury).
Thg elastic element responds to volumetric expansion of
liqyid in the bulb. Common-fill liquids are hydrocarbons
and silicone fluids. Bulb size is dependent,on tempera-
tur¢ span and fill medium. Liquid-filled systems are
senkitive to ambient temperature changes on the elastic
eleI‘lent and capillary unless some means of compensa-
tion is employed.

2.1.1.1 Class 1A. AClass 1 thermometer with full
compensation to correct.the effects of ambient tempera-
ture changes on theelastic element and entire length of
capiillary.

2.1.1.2{ Class 1B. A Class 1 thermometer with par-
tiall|compensation to correct the effects of ambient tem-
perpturé_changes on the elastic element and a specified

Table 1 Classification Summary

Class Fill Limits, °F (°C) Scale

1, Organic liquid -100/750 Linear
(-=70/400)

2, Vapor -40/500 Nonlinear
(—#40/260)

3, Gas -320/1,300 Linear
(-200/700)

4, Gas (with adsorbent) -320/1,300 Lfnear
(-200/700)

in the'bulb, the primary ambient temperature [effect is

dude to the spring rate change of the elastic element.

2.1.2.1 Class 2A. A Class 2 thermometer designed
for use where the bulb temperature is alwayg above
ambient temperature of the indicating head ar|d capil-
lary. Essentially all vapor is in the bulb (see Fig. 1).

2.1.2.2 Class 2B. A Class 2 thermometer designed
for use where the bulb temperature is alwayp below
ambient temperature of the indicating head an(d capil-
lary. Essentially all liquid is in the bulb (see Fig. 1).

2.1.2.3 Class 2C. A Class 2 thermometer designed
for use where the bulb temperature may be above or
below the indicating head and capillary ambient femper-
ature. When the bulb temperature is above ambjient, the
capillary fill is liquefied and the vapor is in the bulb
(Class 2A), and when the bulb temperature i below
ambient, the capillary fill is vapor and liquefied in the
bulb. When the bulb temperature is the same as gmbient,
there is a moment of indicator instability as liqulefaction
and vaporization occur throughout the system (see

lenz’rh of mpﬂ]arv

2.1.2 Class 2. Vapor actuated, partially filled with
avolatileliquid and its vapor at equilibrium. Component
volume and quantity of liquid are designed so that the
liquid-vapor interface occurs in the bulb throughout its
rated operating range. The elastic element responds to
the vapor pressure generated in the bulb due to its tem-
perature. Vapor fill media have well known and predict-
able vapor-pressure characteristics. Common fills are
hydrocarbons. Because the liquid-vapor interface occurs

23

Fig 1)

2.1.2.4 Class 2D. A Class 2 thermometer designed
for use above, below, or at the indicating head and capil-
lary ambient temperature. The volatile liquid (and inter-
face) is confined to the sensor bulb by the use of a second
nonvolatile liquid in the capillary and elastic element
(see Fig. 1).

2.1.3 Class 3. Gas actuated with elastic element,
capillary and bulb filled with inert gas. Internal pressure
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Table 2 Typical Ranges

Class 1 Class 2
Range, °F Liquid Vapor

Class 3.to 4
Gas

-320/200
-120/120 R ce
- 40/60 . X
- 40/180 R ce
0/100 R X
0/120
0/150
0/180
0/200 R
20/240 X
0/300 R
50/400 X
50/550 R
50/750 X
0/1,000 X
200/1,200

> X -

=< = > &

Range, °C
—-200/40
- 40/15
- 20/70

0/100
0/150
0/200
0/300
0/400
0/500
0/600
200/650

X X X X X -

X X X X X < x|

> X

XX X X X X X X X X X X X -

X X X X X X X X X X X

GENERAL NOTE: Other ranges are available, including dual Fahrenheit and Celsius scales.
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Fig. 1 Vapor Pressure Thermal Systems

S

Volatile
liquid

(a) Class 2A

Position of volatile liquid when bulb
temperature is higher than the

Position of volatile
liquid when bulb
temperature is
lower than the
temperature of the

rest of the system \

Vaper

(c) Class 2C

chainges occur«as_a result of temperature changes any-
where on the system, but since the volume of the bulb
is 1P to 20 tinfes that of the elastic element and capillary,
the|intérnal pressure is primarily a function of the bulb
temperature.

f Vapor

temperature of the rest of the system

GENERAL NOTE: This illustration is not intended to show design details.

Vapor
Volatile liquid

(b) Class 2B

Nonvolatile
liquid

Vapo
Volatile liquid
Nonvolatile
liquid

(d) Class 2D

spans. Lower operating pressures minimize agmbient

temperature errors.

2.1.4.1 Class 4A. A Class 4 thermometer|with an
ultra low-volume elastic element made of NiSpan C*!

2.1.3.1 Class 3B. A Class 3 thermometer with
compensation at the elastic element to partially correct
for ambient temperature error.

2.1.4 Class 4. Gas-actuated thermometer with an
adsorbent (such as activated carbon) in the bulb. The
adsorbent amplifies the pressure-temperature relation-
ship providing a pressure change greater than that of
an equivalent range Class 3 thermometer. This permits
the use of smaller bulbs and narrower temperature

25

{orequivatent); a surait-bore tapittary, amd-=asmall bulb.
This construction permits very narrow temperature
span (50°F or less) with minimal ambient effect.

2.1.4.2 Class 4B. A Class 4 thermometer with
compensation at the elastic element to partially correct
for ambient temperature error.

! NI-SPAN-C is a registered trademark of the International Nickel
Company, Inc.
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Fig. 2 Elastic Elements

(a) C-Type Bourdon Tube

3 TERMINOLOGY AND DEFINITIONS

accuracy: the conformity of indication to an accepted
standarfl or true value. Accuracy is the difference (error)
betwedn the true value and the indicated value
expresspd as a percent of span. It includes the combined
effects pf method, observer, apparatus, and environ-
ment. Alccuracy error includes hysteresis and repeatabil-
ity errofs but not friction error.

accuracly, reference: the accuracy of the thermometer
under geference conditions [normal position at 20°C+
1°C (approximately 68°F + 2°F) and 29.92 in. Hg
(101.32 [kPa) barometric pressure].

adjustmjent, pointer indication: a means of\causing a
change |n indication. The change is approximately equal
over th¢ entire scale, except for vapor=tilled thermome-
ters, which have nonlinear scales."Some examples of
this typg of adjustment are adjustable pointers, rotatable
dials aipd movements, and ¢ther similar items. This
adjustnjent, if provided, is generally accessible to the
user.

ambient|temperature: See temperature, ambient.
armor: g protective.covering over the capillary.

averaging bulb:see bulb, averaging.

bendabld extension: see extension, bendable.

(b) Helical Bourdon Tube

GENERAL NOTE: This illustration is not intended to show design details.

]

(c) Spiral BourdonTube

sensing the approximate average temperature of the pro-
cess fluid.

bulb, elevationlerror: see error, bulb elevation.

bulb, finned: a*bulb, a portion of which is provided with

external fins.

bulb,flush: a bulb, the sensitive portion of which is
inserted through an opening in the wall of a vegsel,
stich as a mechanical mixer, so that the sensitive porfion
substantially forms a continuation of the inner surface
of the vessel.

bulb length: see length, bulb.
bulb, plain: a bulb with no means for attachment [see
Fig. 4).
bulb, preformed: a bulb that is formed by the manufactfirer
and not designed to be reformed at installation.
bulb, union connected: a bulb that is provided with a urjion
connector for the purpose of attaching to a bushjng,
flange, or thermowell on the process vessel. This jpint
may or may not be pressure tight (see Fig. 4).
bushing: a fitting provided with external and intefnal
threads.

calibration: the process of causing the thermometef to
indicate within specified accuracy limits.

calibration verification: the checking of a thermometef by

bezel: see ring.

bourdon tube: a tubular elastic pressure element. May
have “C,” helical, spiral, or other form (see Fig. 2).

bulb: the sensitive portion of a filled system thermometer
(see Fig. 3).

bulb, averaging: a bulb made of a long length of tubing
that may be coiled, so as to provide a large area-to-
volume ratio. The bulb is installed in a vessel so as to
pass through high and low temperature zones, thereby

comparison with an accepted standard to determine the
error at specified points on the scale.

cam ring: see ring, cam.

capillary: that portion of the thermal system between the
bulb or extension and the indicating head (see Fig. 3).

case: the housing or container that supports, protects,
and surrounds the internal parts of the indicating head.

case, liquid filled: a case that is filled with a liquid such
as glycerin or silicone fluid to at least 75% of its total
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GEN
(@
(b
©

Fig. 3 Thermometer Configurations

Indicating
head

Elastic element

Capillary

Extension

(bendable\
or rigid)

/— Bulb

(b) Direct Reading
(Fixed)

(a) Remate.Reading

ERAL NOTES:

Capillarytniay” or may not be armored.

See Figh2' of ASME B40.4 for bulb and connection configurations.
This,iltdstration is not intended to show design details.

(see Fig. 3 of
ASME B40.4)
l«<——— Connection Connection —»
(see Fig. 2 of (see Fig. 2 of
ASME B40.4) ASME B40.4) —

(c) Direct Reading
(Adjustable)
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Fig. 4 Bulb and Connection Configurations

«—— CL —»

-« CL —»

ED

v
Ll

VNI

BL—»| [-—EL
(a) Plain Bulb (b) Plain Bulb With Extension
(Remote Only) (Remote Only)
-« F| ———> CL —» —» FlL CL ———>
ED
o v <
T f <
BD
[— BL —» |— B[ —»|
SL——» e— S ——=—»
(c) Adjustable Union Connection (d)~Adjustable Union Connection
on Bendable or Rigid Extension on Capillary or Armor
(Remote or Direct) (Remote Only)
| ————— §] ————
|~— CL —>]
v 5
S G i
o i
t— B —» Jam/swivel nut
(e)-Fixed Union Connection
on Rigid Extension
(Remote or Direct)
BD = bulb diameter ED = extension diameter may be the same as BD
BL = pulb’length EL = extension (bendable or rigid) length
CL &~ capillary length SL = stem length (insertion length)
GENERAL NOTES:
(a) Capillary may or may not be armored.
(b) This illustration is not intended to show design details.
volume| Thepurposes of this construction are to protect ~ Celsius: SI unit of temperature measurement (formerly
the intefmal-partsfrom dammage caused by Severe vibra- Centigrade); abbreviation °C:

tion, reduce pointer fluctuation, and /or exclude ambient
corrosives.

case, open front: a case having no partition between the
elastic element and window.

case sealed: a case that is sealed from the environment.
case size: see size, case.

case, solid front: a case with a partition between the elastic
element and window.
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centigrade: see celsius.

compensation, indicating head: a means to reduce the
change in the indicated temperature resulting from the
effects of ambient temperature change on the elastic
element and the fill within the elastic element.

compensation, full: a means to reduce the change in the
indicated temperature resulting from the effects of ambi-
ent temperature change on the elastic element and the
fill within the elastic element and the capillary.
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conditions, environmental: the conditions, other than pro-
cess, external to the thermometer, including weather,
temperature, humidity, salt spray, vibration corrosive
atmosphere, etc., which could affect its performance
or life.

connecting tubing: see capillary.

connection, union, adjustable: a connection located
remotely at the bulb end of the capillary. It allows the

error, bulb elevation: the error in the indicated temperature
that results from installing the bulb in a position above
or below the indicating head different from that at which
the thermometer was calibrated. This error may be negli-
gible in some classes of thermometers.

error, friction: the difference between indicated values
before and after the indicating head has been lightly
tapped.

Casj and capillary to swivel and also permits bulb inser-
tion adjustment. It is locked with a swivel nut and usu-
allyf pressure tight. Distance, SL, is adjustable (see Fig. 4).

conpection, union, fixed: a connection located at the case
or femotely at the bulb. It allows capillary and case to
swivel but no bulb insertion adjustment. It is locked
with a swivel nut and usually pressure tight. Distance,
SL,|is not adjustable (see Fig. 4).

conpection, union, sliding: see connector, union, adjustable.

corflection: the quantity that is algebraically added to an
indll‘cated value to obtain the true value. The algebraic
sigh of the correction is opposite to the sign of the error
(seg¢ error).

corfosion failure: see failure, corrosion.

crogs-ambient effect: Class 2A, Class 2B, and Class 2C
vaplor-actuated thermometers will not indicate the pro-
ces$ temperature when that temperature is at or near
thelambient temperature of the indicating head. Erratic
poihter movement is caused by the transfer of the fill
meglium between the bulb and indicating head.

dial the component that contains the scale.
dial
dial
dial, dual scale: a dial containing twe scales with different
unifs of measure, such as °F and*°C.

dial
dia
ma
lax
dial

diract reading thermometer: see thermometer, direct reading.

anti-parallax: see dial, dished and dial~multi-plane.

dished: see dial, multi-plane.

graduations: the division marks of the scale.

, multi-plane: a diatwith graduations in approxi-
ely the same plane.ds the pointer to reduce paral-
error.

size: see size;-tase.

elagtic élentent: a component that deflects in response to
prepsute or volume change (see Fig. 2).

error, head: see error, bulb elevation.

error, hysteresis: the difference between inereasipg tem-
perature and decreasing temperature téadingg at any
point on the scale obtained during a.temperatufe cycle,
after friction errors have been eliminated by tapping.

error, immersion: the error due torthe bulb not being fully
immersed.

error, parallax: reading error induced by| visual

misalignment.

error, position: the chiange of temperature indication that
results from rotating the indicating head into a position
different from that in which it was calibrafed (see
para. 5.2:6).

extension.” a component between the bulb and dapillary
or indicating head (see Fig. 3).

eXtension, bendable: an extension that is design¢d to be
bent by the user to permit the bulb to be located in the
desired location.

extension, rigid: an extension that is not design¢d to be

bendable by the user.

Fahrenheit: a U.S. Customary unit of temperatyre mea-
surement, abbreviation °F.

failure, corrosion: thermal system failure resultihg from
environmental or process corrosive chemical aftack.

failure, fatigue: elastic element failure resulting from
repeated application of stress (see para. 7.1.2.1).

sure to
of rated

failure, over-temperature: failure caused by exp
environmental or process temperature in excess
temperature limit.

failure, vibration: failure caused by exposure to vibration.
fatigue failure: see failure, fatique.

fill fluid: the fluid (liquid or gas) in the thermal
that converts temperature (heat energy) to me

system
rhanical

environmental conditions: see conditions, environmental.

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

error, ambient: the change of temperature indication
that results when the indicating head and capillary are
at a temperature different from their temperature at
calibration.
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energy.
fill medium: see fill fluid.

fin: a plate or structure attached to the bulb to increase
surface area and therefore the rate of heat transfer.

finned bulb: see bulb, finned.
flush mounted: see thermometer, flush mounted.
friction error: see error, friction.

friction ring: see ring, friction.
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graduation, dial: see dial, graduations.
hysteresis error: see error, hysteresis.
immersion error: see error, immersion.
immersion length: see length, immersion.

indicating head: the case, window, elastic element, ring,
and other components (see Fig. 3).

insertion length: see length, stem (see Fig. 4).

remote reading thermometer: see thermometer, remote
reading.

repeatability: the maximum difference between a number
of consecutive indications of the same applied tempera-
ture under the same operating conditions, approaching
the temperature from the same direction, after lightly
tapping the indicating head, expressed as a percent of
span.

length, bulb, “BL”: see Fig. 4.

capillary, “CL”: the distance from the bulb or
n to the indicating head (see Fig. 4).

length,

extensi
length, dxtension, “EL”: see Fig. 4.

length,
bulb to

length, qtem, “SL”: see Fig. 4.

mmersion: the length from the free end of the
the point of immersion in the medium.

lens: se¢ window.

mounti
installe

g: the means by which the indicating head is

l or supported.

mountilg, direct: see thermometer, direct reading.
mounting, remote: see thermometer, remote reading.
mounting, flush: see thermometer, flush mounted.

mounting, surface (wall): see thermometer, surface (wall)
mounted.

movemefit: the component that converts elastic element
motion |to rotary pointer motion.

NPT: American Standard Taper Pipe Threads
(ASME|B1.20.1).
parallax| see error, parallax.

plain buflb: see bulb, plain.

pointer: the component that, in conjunetion with the dial,
indicatgs temperature.

pointer gdjustment: see adjustmeit, pointer indication.

pointer, |maximum: a component that is moved by the
indicating pointer to the ‘maximum temperature indi-
cated ahd remains at that*point until reset. Inclusion of
this accpssory may, affect accuracy.

pointer, [minimuui:'a component that is moved by the
indicating peinter to the minimum temperature indi-
cated apd remains at that point until reset. Inclusion of
this accpssory may affect accuracy.

response time: time required indicate a step change in
temperature (see para. 5.2.10).

ring: the component that secures the window tothe cpse.
ring, bayonet: see ring, cam.

ring, cam: a ring similar to the threaded'fing except that

the threads are replaced by a camarrangement.

ring, crimped: a ring formed to the case at assembly so
as to be nonremovable.

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

ring, slip: a ringsimilar to the friction ring except that
it has a clearance fit with the case and is secured

screws.
ring, snapya’ ring that snaps into a groove in the cage.

ring, threaded: a ring having threads that match thrdads
oncthe case.

scale: markings on the dial consisting of graduati
related numerals, and units(s) of measure.

bns,

sealed case: see case, sealed.
separable socket: see thermowell.

rec-

ids

SI (Le Systeme International d’Unites): these units are
ognized by the CIPM (Comité International des P
et Measures).

size, case (dial): the nominal size of a case. The apprpxi-

mate inside diameter of the case, in inches, at the dlial.

slip ring: see ring, slip.

snap ring: see ring, snap.

span: the algebraic difference between the limits of|the

scale:
(a) The span of a 0°F/100°F thermometer is 1009F.
(b) The span of a 200°C/500°C thermometer is 30(°C.
(c) The span of a —40°F/120°F thermometer is 160°F.

preformed bulb: see bulb, preformed.
range: the low and high limits of the scale.

readability: the observer’s ability to determine the indi-
cated temperature value. Factors that may affect read-
ability include length of the scale, graduation
configuration and spacing, pointer design and width,
parallax, distance between observer and scale, illumina-
tion, stability of pointer, pointer and scale colors, and
the liquid level line in liquid-filled cases.
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standard, calibration: a temperature instrument used to
determine the accuracy of a thermometer (see ASME
PTC 19.3, Temperature Measurement).

stem length: see length, stem, “SL.”

stop pin: a component on the dial that limits the motion
of the pointer.

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

swivel nut: see jam nut.
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temperature, ambient: the temperature of the medium sur-
rounding the indicating head and capillary. Temperature
at the capillary may be different from the temperature
at the indicating head.

temperature compensation: see compensation, full and com-
pensation, indicating head.

temperature, process: the temperature of the process
medium.

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

window, plain glass: a window of commercial glass.
window, plastic: a window of transparent plastic.

window, threaded: a window generally made of plastic
with infpgra] threads that match threads on the case. No

temiperature, storage: the extremes of temperature (high
and low) that the thermometer may be exposed to when
stofed, transported, or not in use.

thefmal system: the portion of a thermometer consisting
of the bulb, extension (if provided), capillary, elastic
element, and the fill medium.

thefmometer, direct reading: a thermometer with the indi-
cating head connected directly to a rigid extension (see
Fig| 3).

thetmometer, flush mounted: a thermometer provided with
sugporting means on the indicating head so that it may
be pet in a panel. When installed, the dial is approxi-
mately flush with the panel (see Fig. 5).

thetmometer, remote reading: a thermometer with the indi-
cating head connected to the bulb with capillary (see
Fig| 3).

thefmometer, surface (wall) mounted: a thermometer whose
indjcating head can be mounted to a wall or flat surface
(se¢ Fig. 5).

thefmometer, temperature compensated: a thermometer that
is gompensated to reduce errors during -operation at
ampient temperatures other than that at which it was
caliprated.

themowell: a pressure-tight receptacle’adapted to receive
a bulb and provided with exterrial threads or other
mepns for pressure-tight@attachment to a vessel or
sysfem.

thrdaded ring: see ringh\threaded.

tradeability, calibration: documentation of the existence
of @ calibration\chain between an instrument and the
Nafional Institute of Standards and Technology (for-
metly the National Bureau of Standards).

tru¢ walue: the value of the parameter being measured

separate ring is required.

4 INSTALLATION
4.1 General
4.1.1 Before installing axthermometer, cpnsider-

ation should be given to ambient temperature, hfimidity,
vibration, shock, and oth€r/climatic and ambient condi-
tions of the service application (see Safety, section 6).

4.1.2  The bulb 'may be installed directly
medium (see Safety, section 6).

4.1.3 {"The filled system of the thermomgter is a
sealed unit and must remain sealed. The capillary should
be kept-coiled until installation to avoid sharp hends or
kinks:

4.1.4 A thermometer can be rendered inaccurate
during shipment despite care taken in packaging. To
ensure conformance to the accuracy grade to which the
thermometer was manufactured, it should be fhecked
before use (see Test Procedures, section 8).

into the

4.2 Installation Procedure

4.2.1 Placement. The bulb should be located and
completely immersed at the point that will provide tem-
perature indication that is most representative of the
process. Adequate circulation of the medium is neces-
sary for optimum response and accuracy.

4.2.2 Direct Reading Thermometer. Use thelwrench
flats, when provided, to install the thermometgr.

4.2.3 Remote Reading Thermometer. Do nft twist,
kink, strain, or cut the capillary. After the inflicating
head has been mounted, uncoil the capillary afd place
the bulb at its intended location.

After installing the bulb, fasten the capillary fo a wall

etermined by anaccepted-calibrationstandardatter

as d
all corrections have been made.

union-connected bulb: see bulb, union connected.
well: see thermowell.

window: a transparent component through which the
dial is viewed.

window, heat-treated glass: a window of heat-treated (tem-
pered) glass, that, when broken, will form small, granu-
lar pieces, usually with no jagged edges.
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or other support to prevent accidental damage. Position
capillary to avoid extreme temperatures. Since the capil-
lary length cannotbe altered, any excess should be coiled
to a 3-in. minimum radius and supported near the case.

4.3 Vapor Thermometer Bulb Orientation

Some vapor-actuated thermometer bulbs must be
installed in a specific orientation. Suppliers may provide
marking of the bulb and installation instructions when
required.
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Fig. 5 Mounting Variations

Surface (wall) \

Mounting screw

N 1
[see Note (1)] \ Panel

/ Mounting bolt
€%/ and nut

[see Note (1)]

: iCapiuary
% e

(a) Surface (Wall) Mounted (b) FlushdVlounted
(Back Flange) (Front Flange)

TS
RN

2
X

o
R

T

X

%>
0%

Capillary /

XXX,
otoke

T

200

Panel
U-Clamp Ring \ /
(=

( m['\:ﬁ Capillary

| | Mounting stud,
screws, and washer
[see Note (1)]

Capillary

L
1

(d) Flush Mounted

(c) Flush Mounted
(Ring)

(U-Clamp)

GENERAL NOTES:

(a) Capillary may or may not be armored.
(b) Capillary location at case may vary.
(c) This illustration is not intended to show design details.

NOTE:
(1) For mounting dimensions, see para. 7.1.3 of ASME B40.4.
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5 ACCURACY (See Para. 8.2)

5.1 Grade

GRADE A £1.0% of span over entire scale
GRADE B +2.0% of span over entire scale

NOTE: The above tolerances apply only to approximately the
upper % of the arc of the scale for Vapor-Actuated Dial Thermome-
ters (Class 2). Consult the supplier for specific accuracy informa-
tion. Refer to para. 2.1.

in temperature. Response time varies according to a
number of interrelated parameters, including

(a) temperature differential

(b) heat transfer capability, including flow effects of
process medium

(c) whether or not the bulb is in a thermowell

(d) the thickness of the thermowell wall

(e) conductivity of the thermowell material

5.2| Factors Affecting Accuracy

.2.1 Bulb Temperature. Exposure of the bulb, either
in yse or during storage to temperatures below the lower
end or above the upper end of the scale.

ecause the vapor pressure and temperature relation-
ship is nonlinear, the scale is nonlinear. The spacing
betpveen graduations is expanded on increasing temper-
atufe, making the indication more readable in the upper
of the scale. The range of a vapor thermometer
ld be selected so that its operating temperature(s)

+15% in first % of span

+5% in second % of span

+2% in upper % of span

ormally, scales are graduated so that these accuracies

.2.2 Indicating Head Temperature. Exposure of\the
cating head either in use or during storage_toytem-
perptures other than normal ambient conditions. Con-
the supplier for temperature limits.

.2.3 Capillary Temperature. Exposing the capillary
either in use or during storage to_temperatures other
thah normal ambient conditions!

5.2.4 Bulb Immersion. ~The’ bulb should be com-

pletely immersed in the medium (see para. 4.2).

5.2.5 Bulb Elevation,) Exposure of the bulb to an
eleyation above orbelow the indicating head in Liquid-
Actuated (Class™1)» or Vapor-Actuated (Class 2) ther-
mofmeters. Censtilt the supplier for correction factors.

.2.6 JIndicating Head Position. Mounting the indi-
cating head in a position other than that at which it was
caliprated. Normal calibration position is dial upright/

he ther-
he bulb

Ur) dil 5(1}) allL‘l/lUl lllcdiulll \_Ulli.aillﬂb‘l Wii.}lill
mowell to transfer heat from the thermowell.to
of the thermometer

(g) friction within the indicating head

(h) viscosity, location, amount, anidthermal character-
istics of dampening medium, if present

(i) capillary length

The user is encouraged te determine whethdr or not
response time is critical!

6 SAFETY
6.1 Scope

This section of the standard presents informtion to
guide\users, suppliers, and manufacturers fowards
minimizing the hazards that could result from| misuse
op;misapplication of filled system thermometers. The
user should become familiar with all sectiong of this
Standard, as all aspects of safety cannot be coyered in
this section. Consult the supplier for advice whenever
there is uncertainty about the safe applicat{on of a
thermometer.

6.2 General Discussion

The user should inform the supplier of all conditions
pertinent to the application and system envijonment
so that the supplier can recommend the most fuitable
thermometer.

Adequate safety results from intelligent planrjing and
careful selection and installation of a thermomé¢ter into
the system whose temperature is to be measur¢d. Sup-
pliers” pressure and temperature ratings shouldl not be
exceeded. The location of the thermometer should be
such that in the event of a failure, injury to p¢rsonnel
and damage to property are minimized.

6.2.1 Many applications involve temperatyre mea-

vertical. Consult the supplier for correction factors (see
error, position).

5.2.7 Readability. See section 3.

5.2.8 Cross-Ambient Effect. See section 3.

5.2.9 Thermowell. Thermowell should be of proper
length to ensure complete immersion of the bulb.

5.2.10 Response Time. Response time is the time
required for a thermometer to respond to a step change
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surement-of unopressurized-svustems—TFhe princi
r J r

al haz-
ards of using direct reading thermometers in such
systems are those associated with proximity to the sys-
tem being measured (e.g., exposure to hot liquids, corro-
sive material, freezing fluids, etc.). Consideration should
be given to using a remote reading thermometer in such
applications.

6.2.2  Safe use of a thermometer in a pressurized
system requires that factors such as, but not limited to,
the following should be considered:
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(a) the effect of static and dynamic pressure on the
bulb

(b) the effect of temperature on materials

(c) any corrosive effects on materials

(d) vibration

(e) consequences of a leak in the thermal system
resulting in mixing of the fill fluid and the process
medium

(f) pre

types of connections
6.2

Thermowells permit the use of thermometers

with the

Huring changing temperature conditions.
ture time lag may be minimized by the addition
t transfer material in the thermowell around

Temper
of a he

hen transferring a thermometer bulb frén one
ell to another, make sure the thermowell is

6.2.4 Use of a direct-connectéd thermometer on a
process|requires consideration ¢f the effect of the heat
transfer through the connection to the thermometer
head; sipnificant heat gain,or Ioss can result in indication
errors. [[f the thermométer case is sealed, errors can
be evern) larger, or damhage may result from build-up
of int¢rnal pressuire. Consult the supplier for

recomnjendations.

6.3 Re
Shoulld\it be necessary to reuse a thermometer in

se©f Thermometers

They may have solid fronts and may or may not employ
various case pressure relief means. Specific applications
may require design variations with respect to case con-
struction. There should be mutual agreement between
user and supplier regarding the applications and design
variations.

7.1.2 Types

3 \ 1l P p Kellel Means.

Filled system thermometers present a low possibilitly of
elastic element failure. Closed systems such-as these
limit the pressure applied to the pressure eleiment requc-
ing the probability of over-pressure being applied.
low number of cycles in temperature measurement yer-
sus the design fatigue life of the elastic element makes
the probability of fatigue failure low:‘Cases with presgure
relief means are available but not’as important as they
are in pressure gages.
(a) Solid Front. A cas€_having a partition with mjini-
mum opening(s) betweén the elastic element and win-
dow. The partition may be an integral part of the cpse.
(b) Open Front/A case with no partition between|the
elastic element and window.

7.1.2:2. Cases With Pressure Relief Means

(a) Solid Front with Pressure Relief Back. A case having a
partition with minimum opening(s) between the eldstic
elemient and window and having a pressure relieying
back device or opening(s). The partition may be an inte-
gral part of the case.
(b) Open Front with Pressure Relief Back. A case with a
pressure relief device or opening and no partifion
between the elastic element and window.

7.1.3 Mounting. Where holes or studs are used for
flush and surface-mounted thermometers, they shalll be
sized and located in accordance with Tables 3 and 4.

7.1.4 Size. ThisStandard defines size as the apptox-
imate inside diameter of the case, in inches, at the dlial.
Other standards, such as the German DIN series, define
size as the precise outside diameter of the case. Becquse
of this difference, a B40.4 thermometer and a DIN ther-
mometer may not be interchangeable, even though|the
nominal sizes are approximately the same at the ingide
of the case at the dial. The outside diameter of a Bf#0.4
thermometer case may be over 10% larger than a conjpa-
rable DIN thermometer.

another application, accuracy should be checked (see
para. 8.2). The portion of the thermal system exposed
to the process should be cleaned, and all requirements
of a new installation should be considered.

7 CONSTRUCTION
7.1 Case

7.1.1 General. Cases may be fabricated from vari-
ous materials using various manufacturing processes.
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7.2 Dials

Dials are normally graduated in either Fahrenheit or
Celsius or with two scales, such as Fahrenheit and Cel-
sius. Dual scales dials are useful where thermometers
are employed on equipment that may be used interna-
tionally or where users plan to convert from one unit
of measure to another.

The unit of measure shall be noted on the dial either
by the word Fahrenheit or Celsius, or abbreviation “F”
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Table 3 Round Cases

Mounting Bolt Circle

Case Bolt Panel Opening

Diameter Hole Diameter Diameter
Case Size in. mm in. mm in. mm
1Y, 1.91 48.5 0.13 3.4 1.65 41.9
2 2.56 65.0 0.16 4.5 2.19 55.6
2Y, 3.13 79.5 0.16 4.5 2.81 71.4
31/5 4.25 108.0 0.22 5.6 3.81 96.8
4/ 5.38 137.0 0.22 5.6 4.94 125.0
6 7.00 178.0 0.28 7.1 6.50 165.0
81/5 9.63 245.0 0.28 7.1 9.00 229.0

GENERAL NOTE:

Above sizes are identical to ASME B40.1.

Table 4 1SO/ANSI Z17.1-1973 Case Sizes
Mounting Bolt Circle Case Bolt Panel Opening
Diameter Hole Diameter Diameter

Case Size in. mm in. mm in. mm
40 2.01 51 0.14 36 1.73 44
50 2.36 60 0.14 3% 2.13 54
63 2.95 75 0.14 3.6 2.64 67
80 3.74 95 0.19 4.8 3.31 84
100 4.57 116 0.19 4.8 4.09 104
160 7.01 178 0.23 5.8 6.46 164
250 10.63 270 0:23 5.8 10.00 254

GENERAL NOTE: Other sizes may be available.

or {C.” The degree symbol (°) is optional:.The value of
a stibdivision may be indicated.

y.2.1 Graduations. The recommended minimum
of the scale is 270 deg. Special applications and
ges may require other arcs greater or less than
deg.

braduation lines should) be radial to the center of
rotgtion of the pointer. Major and intermediate gradua-
tion lines should be\emphasized. Scale, numeral, and
graduation increments should follow the format 1, 2, or
5 x110", where-.is a whole positive or negative number
or fero.

he smallest graduation increment should not exceed

twikerthe”absolute value of the error permitted at mid-
1

arc
ran
270
d

7.3 Pointer

The pointer shall rotate clockwise with indreasing
temperature. The width of the tip of the pointet should
not be greater than approximately twice the width of
the minor graduations. The radial distance between the
pointer tip and inner end of the minor graduations
should not exceed the width of the tip of the [pointer.
In the case of a dual scale dial, the pointer width should
be maintained at a minimum so as not to obsg¢ure the
inner scale. The radial distance between the tip of the
pointer and inner end of the minor graduations of the
outer scale should not exceed the width of the tip of
the pointer.

7.4 Stop Pin

SCGLC. T}IC C/\LCFtiUll VVUuld IIJC fUl VCllJUl aLtuath
(Class 2) thermometers in the lower portion of the scale.

Numerals should be sufficient to enable the observer
to quickly and accurately identify any temperature.

They should not obscure or crowd graduations.

7.2.2 Anti-Parallax Dials. Dials designed so that the
plane of the graduated portion is nominally the same
as the plane of the pointer. This configuration minimizes
the effect of reading error introduced by visual
misalignment.
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Some thermometers are provided with a stop pin.
The purpose of the stop is to prevent the pointer from
rotating to a graduated portion of the scale when tem-
peratures either above or below the indicated range are
applied.

7.5 Window

7.5.1 Laminated Glass. Laminated glass shall com-
ply with ANSI Z26.1. Laminated glass offers some pro-
tection in all applications. It reduces the possibility of
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glass particles scattering if the pressure element ruptures
and window failure results.

7.5.2 Heat-Treated Glass. Heat-treated glass shall
comply with ANSI Z26.1. Heat-treated glass offers
greater resistance to mechanical damage than plain
glass.

7.5.3 Plastic.

Impact, abrasive environmental con-
ditions_espe i

Plain Glass. This window material is com-

monly used due to its abrasion, chemical, and wear

The dapillary is generally made of copper or stainless
steel tulping and is often covered with a protective mate-
rial. It s joined at each end by welding, brazing, or
soldering.

7.7 Extension

The ejxtension is generally made of copper or stainless
steel tuping and is joined to the capillary and bulb by
welding, brazing, or soldering.

7.8 Connections

See Higs. 3 and 4 of ASME B40.4.

7.9 Bulb

The hulb is generally made of copper or stainless steel
and mdy have welded, brazed, or soldered\joints. See
bulb ddfinitions for various configurations.

PROCEDURES

ope

This gection is intended\to’provide an outline of the
paramgters used when evaluating new thermometer
perforthance and t6 stggest evaluation procedures.
These t¢st methods-may or may not satisfy the require-
ment of|the intended application. When it is known that
the thegmometer will encounter conditions more severe
or less |severe than those specified, the tests may be

High-temperature salt baths often contain salts that
are not compatible with other salts. Moving a thermome-
ter from one bath to another without cleaning the first
bath residue from it can result in an explosion. Similarly,
while not explosive, any water carried from a low-tem-
perature bath to a high-temperature bath has the poten-
tial to flash into steam. This flashing can throw extremely

8.2 Accuracy

8.2.1 Purpose. This test determines the'accuracly of
the thermometer under test in compliancewith sectign 5.

8.2.2 Procedure
(a) Throughout this test, the bath-temperature shall
be measured using a calibration‘§tandard. The accugacy
of the standard should be atJéast four times that of| the
thermometer under test,
The bath must be properly agitated. An ambient tpm-
perature of 23°C (73.4°F) shall be the reference standard
for testing all thermometers; test ambient temperature
may be 75°F ¥ 5°F.
(b) Immetse the bulb of the thermometer to be tes
to the supplier’s recommended depth.
(c) Before starting the accuracy test, precycld by
imme#sing the bulb at least once in hot and cold baths
with' temperatures close to the high and low valuep of
the span.
(d) Readings are to be taken, after gently tapping, at
approximately 10%, 50%, and 90% of the span, RBoth
increasing and decreasing temperatures. Comparison
with the calibration standard shall be made at each pdint.
(e) Readings should be taken before and after gently
tapping the thermometer. The difference between|the
readings at a given temperature is the friction efror
expressed as a percent of span.

ted

8.3 Repeatability

This test determines the ability of
the

8.3.1 Purpose.
the thermometer to produce the same results when
accuracy test procedure is repeated.

8.3.2 Procedure
(a) Repeatability can be determined using the data
obtained in the two temperature cycles (see para. 8.2.2).
(b) Repeatability is the difference between any fwo

mOdlﬁ 1 'LU lllai,k.}l IITUIT L}UDE}}’ i.}lC dPP}iLa'LiUll. A fl,u =
tional test in the intended application is generally the
best evaluation method.

CAUTION: The test procedures and equipment utilized for the
tests in this section often operate at potentially dangerous high
or low temperature. Hazards may exist for skin burn, steam flash,
and/or explosion, eye injury, and other health hazards.

These tests should be performed ONLY by competent,
trained individuals familiar with test procedures and
test equipment.
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readings taken after tapping at the same temperature,
approached from the same direction, in the two temper-
ature cycles, and expressed as a percentage of span.
More than two temperature cycles may be desirable.

(c) Repeatability does not include hysteresis or fric-
tion error.

8.4 Error, Position

8.4.1 Purpose. This test determines the effect on
the accuracy of the thermometer when mounted in a
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position different from that in which it was calibrated
(see para. 5.2.6).

8.4.2 Procedure

(a) Mount the thermometer in an upright and vertical
position.

(b) Test for accuracy (see para. 8.2.2).

(c) Place the thermometer in its intended operating
position.

(2) 10% of 220°F equals 22°F.
(3) 240°F plus 22°F equals 262°F.
(4) Test temperature would be approximately 260°F.

(c) Repeat the accuracy test (see para. 8.2.2).

(d) The difference between the reading in (a) and (c)
above is the effect of over-temperature.

(e) Lower temperature of bulb by approximately 10%
of the span below the lowest indicated value. Maintain

() Repeat the accuracy test (see para. 5.2.2).
) The difference between the two sets of readings
is the position error.

8.5| Error, Ambient Temperature

.5.1 Purpose. This test determines the effective-
nesp of the provisions made in the thermometer system
to dJompensate for temperature changes around the indi-
cating head and along the capillary. Without compensa-
tion or with inadequate compensation, the temperature
varjations around these elements may have a substantial
ence on the indication.

.5.2 Procedure

(#) The indicating head and capillary shall be sub-
jected to ambient temperatures of 50°F, 100°F, and 135°F.

(b) For each ambient temperature, the bulb shall be
tesfed at three different temperatures. The three bulb
tem)peratures shall be approximately 10%, 50%, and 90%
of the span of the thermometer.

(¢) Both the indicating head and the capillary shall
be held at the required temperatures for not less ‘than
1 hf before taking each reading.

(§) Readings shall be taken at every bulb temperature
within each environmental condition (see‘para. 8.2.2).
(¢) The error at any selected bulb temperature can be
detprmined by comparing the pointer, indication to the
actfial temperature at the bulb. The difference between
the| error at the test environmental conditions and at
23° is the ambient temperature error.

(P In instances where the indicating head and capil-
lary may be subjectedsto significantly different tempera-
tur¢s, additional testing may be necessary. Consult the
supfplier.

8.6 Under-/Over-Temperature

.6,1 Purpose. This test determines the effect of
shartsterm exposure to process temperature either above

£ + | Il M

1IUL “k’yl\_}/\llllulcl)’ JOIITILL.
EXAMPLE: Range 20°F/240°F: Test temperatiire-yould be
approximately 0°F.

(f) Repeat the accuracy test (see para. 8.2.2).
(g) The difference between the feadings in ° and °F
is the effect of under-temperat(re:

8.7 Storage

pffect of
during

8.7.1 Purpose. This test determines the
temperature extremes)that may be encountered
storage.

8.7.2 Procedure

(a) Testfor accuracy (see para. 8.2.2).

(b) Thé thermometer shall be placed in a temperature
test chamber at the supplier’s recommended hilgh limit
of storage temperature for a period of 24 hr.

(c) The thermometer shall be placed in a temperature
chamber at the supplier’s recommended low [limit of
storage temperature for a period of 24 hr.

(d) Repeat this 48-hr cycle for a total of tWo com-
plete tests.

(e) Repeat accuracy test (see para. 8.2.2).

(f) The difference between the two accuracy
the effect of storage temperature, expressed as a
age of span.

tests is
percent-

8.8 Vibration

8.8.1 Purpose. This test determines the
6 hr of exposure to the test described below.

8.8.2 Procedure

(a) Test for accuracy (see para. 8.2.2).

(b) Each of the tests specified below shall
ducted separately in each of the three mutually
dicular axes. All tests in one axis shall be co
before proceeding to tests in another axis.

(c) The thermometer under test shall be sequred to

bffect of

be con-
perpen-
mpleted

1 s H tadd 1: 1 P P Py B N
Or UCIUVV IITUICalcu J.Oll.lBC IIITTILS. 1T 1TITUT U I.CDI.].II.B 2wy
mometers, consult the supplier for recommended mini-
mum and maximum temperatures.

8.6.2 Procedure

(a) Test for accuracy (see para. 8.2.2).

(b) Raise temperature of bulb by approximately 10%
of the span over the highest indicated value. Maintain
for approximately 5 min.

EXAMPLE: Range 20°F/240°F
(1) 240°F minus 20°F equals 220°F span.
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the vibration table in essentially the same manner as it
will be secured in service. The mounting device shall
be sufficiently rigid to ensure that its motion will be
essentially the same as the motion of the platform of
the vibration machine. The bulb temperature should be
at approximately the middle of the scale.

(d) To determine the presence of resonance, the ther-
mometer under test shall be vibrated at frequencies from
5 Hz to 60 Hz at peak amplitudes per Table 5. The
change in frequency shall be made in discrete frequency


https://asmenormdoc.com/api2/?name=ASME B40.200 2008.pdf

ASME B40.200-2008 (B40.4)

Table 5 Vibration Test Amplitudes

Peak-to-Peak

(3) extension length (if any)
(4) capillary length

Frequency Vibration Amplitudes . (5) connection — plain or threaded, fixed or
Range, Hz in. mm adjustable
(6) bulb, extension, and capillary material
5to 15 0.060 + 0.012 1.5+ 0.3 (7) armor Style and material
16 to 25 0.040 = 0.008 1.0 £ 0.2 (8) head elevation (if applicable)
26 to 33 0.020 = 0.004 0.5 £0.1 . .
34 to 40 0.010 £ 0.002 0.25  0.05 (9) connection location — back or bottom
41t 60 0.005 £ 0.001 0.013 £ 0.025 {16)—case-moumting-configuration
(j) for direct reading
(1) bulb style and size
intervals of approximately 1 Hz and maintained at each (2) stem l.ength and 41ameter
frequengy for 15 sec. The frequencies and locations at (3) extension length (if any)
which fesonance occur shall be noted. (4) bulb and extension material
(e) Tlee thermometer shall be tested for a period of (5) connector — plain or |threaded, fixed or
2 hr in[each of the mutually perpendicular axes (6 hr ~ adjustable
total) af the resonant frequency. If more than one reso- (6) connector location <back, bottom, top, right,
nant frgquency exists, the test shall be conducted at the or left
highest|resonant frequency. If no resonance is observed, (k) variations, options,-and/or accessories
the test|shall be performed at 60 Hz. (1) special dial markings
(f) Re¢peat accuracy test (see para. 8.2.2). (2) pointer 4 fixed or adjustable
(g) The difference between the two accuracy tests is (3) minimum and/or maximum indicating poihter
the effeft of vibration expressed as a percent of span. (4) thermowell
9 SELECTION CRITERIA 10 _REFERENCES
When sgledmg a thermometer, section 6, Safety, and  yNjgp 726.1-1990, Safety Code for Glazing Materiald for
the follpwing must .be e Glazing Motor Vehicles Operating on Land Highways
(a) clpss (see section 2) . . . .
(b) tgmperature range and units of measure Publisher: American National Standards Instifute
. (ANSI), 25 West 43rd Street, New York, NY 10036
(c) adcuracy (see section 5)
(d) cgse size (see section 7) ASME B1.20.1-1983 (R1992), Pipe Threads, General
(e) cgse and ring, style and material Purpose (Inch)
(f) window material ASME PTC 19.3-1974 (R1998), Instruments and Apppra-
(g) pyocess compatibility tus: Part 3, Temperature Measurement
(h) epvironmental conditions Publisher: The American Society of Mechanjcal
(i) fof remote reading Engineers (ASME), Three Park Avenue, New Yprk,
(1) [bulb style and size NY 10016-5990; Order Department: 22 Law Drive, P.O.
(2)stem length Box 2300, Fairfield, NJ 07007-2300
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NONMANDATORY APPENDIX A
FILLED SYSTEM THERMOMETERS
(SUPPLEMENTARY INFORMATION)

is Appendix, established for naval shipboard appli-
catfon, shall apply when specified in the contract or
puichase order. When there is conflict between the Stan-
dard (ASME B40.4) and this Appendix, the requirements
of this Appendix shall take precedence for equipment
acquired in accordance with this supplement. This
Appendix supersedes MIL-T-19646, Thermometer, Gas
Acfluated, Remote Reading, for new ship construction.

A-1 SCOPE

This specification Appendix covers shock-resistant,
envlironmentally hardened, gas-actuated, remote read-
ing} filled system thermometers configured to meet the
regpirements for shipboard use. This Appendix, when
combined with ASME B40.4, covers thermometers that
utilize an elastic element to measure the pressure within
a gas-filled closed system (thermal system) and convert
thid pressure to an analog temperature indication onta
cirqular dial. Remote reading is accomplished by a
or consisting of a thermal bulb connected\to an
log temperature indicator by a specified\length of
illary tubing. The gas actuated thermometer bulb is
figured for either direct immersion or-insertion into

GENERAL REQUIREMENTS

filled system thermometer shall utilize nitrogen or
nert gas.

1 Size

hermometers-shall utilize sizes of 3%, 4%, and 8%.

2 Scale

alésshall cover an arc of not less than 270 deg central

A-2.5 Cleaning and Packaging

The filled system thermometer (especially the wetted
parts) shall be free of loose scale, rust, grit, filings, mer-
cury, calibration liquids, oil, grease/solvents, ail;d other
organic materials. Unless spec¢ial’cleaning, drying, unit
protection, and intermediate) packaging are specified,
the filled system thermometer shall be cleaned, dried,
and bagged with-“boxing in accordance with
ASTM D 3951.

A-2.6 Construétion

A-2.6.1_General. Materials and combinafions of
materials that liberate gases that combine with the atmo-
sphere-to form an acid or corrosive alkali shall not be
used. Materials and combinations of materials ghall not
liberate toxic or corrosive fumes that would be d¢trimen-
tal to the performance of the gas-actuated thermometer
or the health of the operator. The materials shall also
not liberate gases that will produce an explosive
atmosphere.

A-2.6.2 Threads. Threads shall be in accpordance
with FED-STD-H28. Tapered pipe threads shalll not be
used.

A-2.6.3 Lubrication. The filled system thermometer
shall operate without the need for lubricatior] of any
part after assembly.

A-2.7 Sensors

The sensor shall consist of a bulb, an extensipn tube,
and a fitting. Sensors acquired by this supplerhent are
classified by configuration, which is discussed in detail
in section A-5. The sensor configuration classjfication
identifies the sensor type, mounting meth¢d, and
dimensions.

A-2.3 Adjustments

A zero adjustment shall be accomplished by the
adjustment of the pointer or the dial.

A-2.4 Line Length

Standard line lengths shall be 15 ft, 30 ft, 45 ft, 60 ft,
and 75 ft. Any excess line should be neatly coiled. Any
requirement beyond these standard lengths shall be sub-
mitted as a deviation.
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A-2.7.1 Bulbs. Bulbs shall be fabricated from corro-
sion-resistant steel (CRES). The bulb shall meet dimen-
sional requirements as specified in Fig. A-1.

A-2.7.2 Extension Tube. Extension tubes shall be
fabricated from CRES. The extension tubing shall be
heavy walled.

A-2.7.3 Connection, Union, Adjustable. Adjustable
union connection shall be fabricated from CRES. The
adjustable union connection (see Fig. A-1, Detail A) shall
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Fig. A-1 Class C Sensor Configuration

Extension
tube

-

Jam nut \

I

——

——

Ferrule \
|

/—/\ﬁ

See detail A
_///
% 16 in. min.
Capillary
tubing

Union

3/46 in. max.
/ 16
\—/

|
|
connector \
mumm i
[o] L1

w

Compressive
profile
| surface

=

Detail A
Adjustable Union Connettor

T R )

I I

I I

Bulb \ | |

I I

I

. | B8 E

I I

I I

I I

I I

I I

[ I

A I
-« F —>
Sensor Configuration
Classification Designation F, £0.002 (in.) B, Max. (in.) E, Max. (In.)

Cc1 0.375 1.500 2.000
C2 [Note |(1)] 0.375 3.000 3.500
NOTE:
(1) Equivlalent to sensor canfigliration classification designation A1.
consist jofrajam nut, ferrule, and union connector and  A-2.8 Capillary Tubing and Spiral Armor

tube. Adjustable union connection shall be furnished
with each class A and class C sensor.

A-2.7.3.1 Union Connector. The thread of the
union connector shall be in accordance with the follow-
ing table.

Union Connector

Nominal Diameter Bulb, in. Thread Size

% %—28-2A
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from CRES. The capillary tubing shall be protected by
the extension tube and spiral armor. The strength of the
capillary tubing protection shall ensure that neither the
weight of the bulb nor the indicator shall subject the
capillary tubing to tensile stress.

A-2.9 Indicator
The indicator shall include the case, dial, window,

elastic element, movement, indicating pointer, and red
index pointer.
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A-2.9.1 Case. Cases shall be fabricated from alumi-
num, ASTM B 26, ASTM B 85, or CRES, ASTM A 167, or
ASTM A 473. Aluminum shall be prepared for protection
against corrosion by chromate conversion coatings or
anodizing. Aluminum shall then by finished with an
air-dry primer and a gray enamel finish coat. Corrosion
resisting steel cases shall be prepared for protection
against corrosion by providing a 0.001-in. to 0.002-in.

into brackets, thermowells, or directly immersed in the
process fluid. Filled system indicators are designed to
operate satisfactorily when installed in such a manner
that the capillary tubing and case at no point exceeds a
temperature of 160°F. When a filled system indicator is
provided with excess capillary tubing, the excess shall
be coiled behind the instrument panel and secured.

A-3.2 Thermowells

surface profile. Case finish shall then contain a finish
thaf shall include air-dry primer and a gray enamel
finikh coat in accordance with FED-STD-595, color 26307.
Cages shall be interchangeable for mounting purposes
with the cases shown in Fig. A-2. Dimensions A3, A4,
A8] A10, A15, and A17 shall be critical dimensions of
the|case and shall be in strict accordance with Fig. A-2.

A-2.9.1.1 Case Connection. Unless otherwise
specified, the protrusion of the capillary from the case
(thg¢ case connection) shall be in the lower back con-
nedted orientation. The only other alternative orienta-
tioh permitted shall be in the bottom connected
conffiguration. The location of the case connection shall
be In accordance with Fig. A-2.

A-2.9.2 Dials. Dials shall be designed to resist dam-
agd from high temperature and corrosion and shall be
in dccordance with para. 7.2 of ASME B40.4. The dial

colgr shall be yellow background with black graduations
and markings.

A-2.9.2.1 Markings. Dial markings shall include
the|following:

(4) manufacturer’s name or trademark

(b) manufacturer’s CAGE (Commercial and-Govern-
ht Entity) code

(¢) Part Identifying Number (PIN)

() National Stock Number (NSN)

A-2.9.3 Window. Windows-shall be fabricated from
thefmoplastic in accordance.with ASTM D 788.

\-2.9.4 Pointers. Indicating pointers shall be non-
reflective black, and index pointers shall be nonreflec-
tivg red.

-2.9.5 Pointer 'Stop. Filled system thermometers
shdll incorporate a maximum stop. See para. 7.4 of
ASME B40.& for details.

-2/9:6" Gaskets and O-Rings. Gaskets and o-rings
shalll be fabricated from fluorocarbon rubber with a max-

ided in
r Ther-
and its

Where required, thermowells shall be ptoy
accordance with ASME B40.9, Thermowells f
mometers and Electrical Temperature Sensors,
appendix.

A-4 TEST PROCEDURES AND REQUIREMENTS

WARNING: Where two. baths are used, the heat|transfer

medium should be the same in both baths. Some high{tempera-
ture salts are not compatible, and the dragging of onefliquid to
the other can result infan explosion. Similarly, while rjot explo-
sive, any water carried into a high-temperature bath yill flash
into steam, thisthrowing hot liquid from the bath and gndanger-
ing personfielyjand equipment.

A-4.1-Responsibility for Inspection

Unless otherwise specified in the contract or furchase
order, the manufacturer is responsible for perf¢rmance
of all inspection requirements as specified hereir]. Except
as otherwise specified in the contract or purchage order,
the manufacturer may use his own or any other facilities
suitable for the performance of the inspection [require-
ments specified herein, unless disapproved by the pur-
chaser. The purchaser reserves the right to perform any
of the inspections set forth in the Standard where such
inspections are deemed necessary to ensure gupplies
and services conform to prescribed requiremerits.

A-4.1.1 Responsibility for Compliance. Al items
shall meet all requirements of this section. The| inspec-
tion set forth in this specification shall become 4 part of
the manufacturer’s overall inspection system of quality
program. The absence of any inspection requirements
in this specification shall not relieve the manv{facturer
of the responsibility of ensuring that all prodlucts or
supplies submitted to the purchaser for acceptarjce com-
ply with all requirements of the contract. Sqmpling
inspection, as part of the manufacturing operaftions, is

imum rating of 250°F.

A-2.9.7 Case Mounting. A flush-mounting kit shall
be provided with all filled system thermometers. Mate-
rial shall be CRES.

A-3 INSTALLATION
A-3.1 Mounting

Indicators shall be mounted directly to an instrument
panel or bulkhead. Sensors may be mounted directly

41

an acceptable practice to ascertain conformance to
requirements; however, this does not authorize submis-
sion of known defective material, either indicated or
actual, nor does it commit the purchaser to accept defec-
tive material.

A-4.2 Classification of Inspections

A-4.2.1 Qualification Inspection. Qualification
inspection shall consist of tests and examinations listed
in Table A-1 and shall be performed and passed prior
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Fig. A-2 Cases for Flush-Mounted Thermometers

GENERAL NOTE: For flush mounting, standard panel hole diameters are: 31/, — 415/35 in.; 41/ - 519/35 in.; 81/, - 929/3, in.

=!

Stand.offs
(eptional)

/

Back T

connection

Altefnate |
boftom - A17
cenhnection ¢

x —

|
|

I

| | [

o

Bottom / 7 | |
connection B T -

—>»| A8 |=—

(a) Front Elevation

~—— A30 —>|

(b) Side View

Dimensions
A Al A3 A4 A8 A10 A15 Al17
Size (0.1) (+0.000, -0.1) (£0.3) (£0.3) (0.1) (£0.01) (£0.015) (£0.050) A30
3Y, AV 3.97 1.2 3.2 1.0 0.22 4.25 1.063 2.40-4
41/2 5.80 5.00 1.2 3.8 1.0 0.22 5.375 1.625 2.30-4
8Y, 10.25 8.97 1.2 5.8 1.0 0.28 9.625 3.625 2.40-4

GENERAL NOTE:

All dimensions

are in inches.

42


https://asmenormdoc.com/api2/?name=ASME B40.200 2008.pdf

ASME B40.200-2008 (B40.4)

Table A-1 Inspection Requirements

shall remain at each inclined position for at least 1 min
before taking each reading. The inclined pointer position

Tests And ualification Conformance
Examinations anspection Inspection change shall be within +/4% of span.

Accuracy X X A-4.7 Compensation

Repeatability X X The filled system thermometer shall be placed into
Inclination X . .

Compensation X one of two categories. The first category (cate'gor.y 1')
Response time X shall consist of thermometers whose maximum dial indi-
Saltrspray X cation is not greater than 240°F The second category
Ove[ temperature X (category 2) shall consist of thermometers whoge maxi-
Vibrhtion X mum dial indication is greater than 240°F. The/thermom-
Shofk X eters shall be tested under the environmental conditions

to production. Qualification inspection shall be per-
formed on samples that have been produced with equip-
meht and procedures normally used in production.

A-4.2,1.1 Sample Size. Two thermometers of each
clagsification shall be subjected to the qualification
inspection.

A\-4.2.2 Conformance Inspection. Conformance
inspection shall consist of tests and examinations listed
in Table A-1 and shall be performed and passed by each
thefmometer.

A-4.3 Acceptance Criteria

If any thermometer fails to meet the inspection
requirements of Table A-1, no thermometer shall\bé
accepted until the manufacturer has determined the
cause of the defect and has taken necessary action to
corfect or eliminate the defect from each thermometer.
Th¢ failed test shall be repeated to demagfistrate that the
corfective action will enable the thermometers to meet
the| specified requirements. In additien, the results of
prefious inspections may be deeined invalid, unless the
mapufacturer can prove to the.satisfaction of the pur-
chaker that such test would.not be adversely impacted
by the corrective action-

A-4.4 Accuracy

Accuracy tests shall be conducted in accordance with
parp. 8.2 of ASME B40.4. Accuracy shall be within +1%
of gpan.

A-4r5 Repeatability

of Table A-2, whichever is applicablef For each ¢nviron-
mental condition, perform an accuracy test. Both the
indicator and the capillary shall*be’held at the fequired
temperature for not less than’l hr before taking each
reading. Accuracy shall be within +1% of span]

A-4.8 Response Timeé

A standard cylinder shall be used for this test. The
information needed to construct a standard cylinder is
provided on Fig. A-3. Connecting wires from the stan-
dard cylifider thermocouple shall terminate af an ice
bottle, icé point reference junction, or a refererjce junc-
tion compensated electronic indicator. If an ice bottle or
ice point reference junction is used, the extensign wires
coming from the reference junction shall be copnnected
to an indicator such as a potentiometer or a mnillivolt
recorder. No matter what form of indicator is used, the
indicator shall have a response time not less than two
times faster than the response time of the temperature
rise that the standard cylinder will measyre (see
Table A-3 of B40.3). Response time measuremgnt shall
be conducted using either a stop watch or any [method
capable of timing to 0.2 sec or better and shall b within
the requirements of Table A-3.

A-4.8.1 Temperature Bath. Two temperatupe baths
are used in performing this test. The baths shall pe suffi-
ciently large or constructed in such a manner [that the
temperature bath fluid will not be cooled by| greater
than 0.5% of the span when either the cylindgr or the
filled system thermometer is immersed. The “hpt” bath
shall contain a variable speed stirrer. Two liquid femper-
ature bath fluids are permissible for use with his test
and are specified in Table A-4. The temperatufe range
classification designation of the filled system thefmome-

Repeatability tests shall be conducted in accordance
with para. 8.3 of ASME B40.4. Repeatability shall be
within +%% of span.

A-4.6 Inclination

The filled system thermometer shall indicate the mids-
pan temperature so that the pointer is in a vertical posi-
tion. The indicator shall be positioned such that the dial
faces the operator. The indicator shall then be inclined
60 deg to the right, left, front, and back. The indicator
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ter-wittdetermime—which—ofthesetwoftuids—shall be
used. The temperature at which the fluids in the two
temperature baths are set are listed in Table A-4. One
fluid temperature is referred to as the “cold bath temper-
ature,” while the other is referred to as the “hot bath
temperature.”

A-4.8.1.1 Set Up. The conditions in the hot tem-
perature bath fluid shall be set up such that the standard
cylinder response time will be within the limits specified
in Table A-3. Hot temperature bath fluid conditions,
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Table A-2 Compensation Conditions, Case Assembly, and Capillary
Temperatures, Categories 1 and 2

Category 1 Category 2
Environmental Capillary/Indicator Environmental Capillary/Indicator
Condition Temperature, °F Condition Temperature, °F
1 75 1 110
2 50 2 85
3 100 3 135

Fig. A-3 Standard Cylinder

/—Connecting wire to cold junction

24-gage iron-constantan thermocouple
/ connecting wire duplex glass covered

/—1/8 in. S.S. tubing
1= Collar to indicate corféct
“ / depth of immersion
. Silver braze
1in. /
Y
/—Copper

—

Drill 3/35 in. x 4 in.
from top of cylinder

8in: L~ See Detail A
7
[% Tharmocounloaira
alavara TE
T(l)no(;5pp;ox. ¥ Thermocouple measuring
’ 9 /_ junction (two leads
Al welded together)
—| Sgin. |=— Detail A
diameter
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Table A-3 Permissible Response Time

Sensor Configuration

Maximum Permissible

Bath Fluid Classification Designation Response Time, sec
Water A1, C1, C2 10
Salt C1, C2 12
T H
Fabte-A-4—Test-Temperatures-and-Bath-Meditms
Bath Cold Bath Ty, Start T,, Stop Hot Bath Temperature Range
Medium Temperature, °F Timing, °F Timing, °F Temperature Classification Designation
Water 50 80 143 180 18d, 24d;~55d
Salt 400 500 626 700 75d{12h

and, thus, the standard cylinder response time, will be
changed by varying the stirring parameters. The stan-
dard cylinder shall be immersed in the temperature bath
fluid to the bottom of the standard cylinder collar (see
Fig| A-2 for location). The standard cylinder shall always
be jmmersed in the hot temperature bath fluid in the
sanfe location and orientation.

A-4.8.1.2 Determining Response Time. The bulb
of the filled system thermometer (or standard cylinder)
shall be immersed in the hot temperature bath until
thefe is no further indication of temperature rise. The
bulp of the thermometer (or standard cylinder) shall
be immersed in the cold temperature bath tmtil
e is no further indication of temperature decrease.
bulb of the thermometer (or standard cylinder) shall
in be immersed in the hot temperature bath. Timing
1 be started when the thermometer (of stand cylin-
indicator reaches temperature \T; (see Table A-4)
stopped when temperature 755 reached. The time
kes the thermometer (or standard cylinder) to indi-
the difference between temperatures T; and T shall
efined as the response jtime.

A-4.8.1.3 Conducting Response Time Test. The
onse time testshall be conducted by taking alternate
onse time measurements between the standard cyl-
r and thermometer. Each alternation between the
dard gylinder’s response and the thermometer’s
onSe-time measurements shall be defined as a trial.
east four trials shall be required in a temperature

Table A-5 Over Teniperature Bath Tempefature
Temperature Range
Classification RequiredBath
Range, °F Designation Temperature, °F
-40 to 180 18d 202 = 2
20 to 240 24d 308 £ 3
50.to 550 55d 650 + 5
500 750 75d 870 + 7
400vto 1,200 12h 1,200 = 30

other damage. At the conclusion of this test, dccuracy
shall be within +1% of span.

A-4.10 Over-Temperature

The bulb of the filled system thermometer ghall be
placed in a hot temperature bath that is maintpined at
a temperature specified in Table A-5 for 5 min. The bulb
shall then be allowed to cool to ambient tempegature in
air. After the cooling period, an accuracy test ghall be
performed.

A-4.11 Vibration

The vibration test consists of the exploratory [test, the
variable frequency test, and the endurance test. These
tests shall be conducted in the sequence listed.|Each of
the three tests shall be conducted in each of the three
mutually perpendicular axes. All three tests phall be

bath fluid of water and four trials in salt. The standard
cylinder response time shall be within the limits of
Table A-3 for the trial to be considered valid.

A-4.9 Salt Spray

The filled system thermometer shall be subjected to
the salt spray test in accordance with ASTM B 117. The
duration of the test shall be 96 hr. The filled system
thermometer shall neither show visible corrosion,
improper operation, failure, leakage in the case, nor

45

completed in one axis before performing the tests in
another axis. For each of the sensor temperature range
classifications submitted, one filled system thermometer
indicator shall be secured to the panel in a flush mount-
ing configuration and another indicator in a surface-
mounted configuration. The panel shall be rigid to
ensure that its motion will be essentially the same as
the motion of the platform of the vibration machine.
The sensor configuration for each thermometer sensor
configuration class shall be mounted in a manner that
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Table A-6 Sensor Vibration Mounting

Sensor Configuration

Class Designation Sensor Mounting

A Bracket bolted to platform,
sensor attached to
bracket.

C Fitting screwed into plat-

form, adjustable union

conpaction—affivad-to

After the conclusion of the vibration test, accuracy
shall be within +1% of span. The filled system thermom-
eter shall be visually examined for wear after the vibra-
tion test. The red index pointer shall not shift during
the vibration test.

A-4.12 Shock

A shock test shall be conducted in accordance with
the om(‘]p A classT type C requirements for ]wh’rwmght

fitting.

Table A-7 Vibratory Displacement Criteria

Table Displacement, in.
(Peak to Peak)

Frequency
Range, Exploratory Variable
Hz (Inclusive) Test Frequency Test
5tq 15 0.020 + 0.004 0.060 + 0.012
16 tq 25 0.020 + 0.004 0.040 + 0.008
26 tq 33 0.020 + 0.004 0.020 = 0.004
34 tq 40 0.005 £ 0.001 0.010 + 0.002
41 td 60 0.005 + 0.001 0.005 + 0.001

will simulate its intended application (see Table A-6):
For all fests, the capillary tubing shall be arranged ‘in
such a fnanner as to not exercise restraint or otherwise
hinder the movement of the sensor or indicatorduring
the test
The dxploratory test, the variable freqitency test, and
the endurance test shall be as follows:
(a) exploratory test
(1)|Maintain each discrete frequency from 5 Hz to
60 Hz at 1-Hz intervals for not less than 15 sec or a
sweep flate that shall not be.greater than 4 Hz per min.
(2)| Displacementsrshall be as specified in Table A-7.
(3)| Frequenciesand locations where resonance
occurs dluring this-test shall be determined.
(b) variable fréquency test
(1) [Maintain each discrete frequency from 5 Hz to
60 Hz dt 1:Hz intervals for not less than 5 min.

equlpment specified in MIL- $-901. Nine blows shall be
applied. The capillary tubing shall be arrangediin such
a manner as neither to exercise restraint nor)otherwise
hinder the movement of the sensor or indicator dufing
each blow. The filled system thermiometer shall be
mounted to a 6D fixture. For each filled system ther-
mometer sensor configuration test;*one indicator shall
be attached in the surface-mounted configuration;|the
other indicator shall be attachéd in the flush-mounted
configuration. The filled System thermometer shall indi-
cate the ambient temperature and show no evidencg of
damage. A shift in peinter indication shall be within/4%
of span for the set of nine blows. The red index poihter
shall not shift. After a zero adjustment, the accugacy
shall be within +4% of span.

A-5 CORDERING PARAMETERS
A-5:1 Acquisition Requirements

When specifying a thermometer for acquisition, |the
following shall be provided:

(a) title, number, and date of this appendix

(b) Part Identifying Number (PIN)

(c) special marking or tagging

(d) when qualification is required

A-5.2 Part Identifying Number (PIN) Parameters

Shipboard filled system thermometers shall utilize the
following PIN variables:

(a) sensor configuration

(b) range

(c) dial size

(d) capillary tube length

A-5.3 Part Identifying Number (PIN) Format

The PINs to be used for items acquired to this supple-
ment are created as follows:

(2) Displacements shall be as specilied in lable A-7.

(3) Frequencies and locations where resonance
occurs during this test shall be determined.

(c) endurance test

(1) The filled system thermometer shall be sub-
jected to a 2-hr endurance run at each resonance.

(2) Displacements shall be the variable frequency
test values that are specified in Table A-7.

(3) If no resonance is found, a 2-hr endurance run
shall be performed at 50 Hz.

EXAMPLE: B40.4S51-A118d315

\Q
5 &
& &
S & <%
< & &
& & &
X0
& X d
630 &0& & .&@ @\@
R of ® O &

B404S1 Al 18D 3 15

A-5.3.1 Sensor Configuration. The sensor configura-
tion shall be designated by two symbols: the first symbol
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Fig. A-4 Typical Bracket for Filled System Thermometer

Optional method
of attachment

Bulkhead \

«—— 2 in.——>

I¢ 1/ in. +| <1 in. >
¢ A I : I - _3 1
i \T \ - JI I I
*(4—1/4 in +| |¢ *| |<—|
Bracket %/g in. | T/zpin
A Slots for
_' I optional bolting + 3
TR in
—) (T_!_| Li! I'_I:_,______:_—I:_:Ilﬁ i 7D
g L_|-| : || ;_4\,______ * N,
o : |

Drill and tap for

shalll designate the class, and the second symbol shall
dedignate the subclass. The class, designated by the letter
A or C, identifies the sensor type and mounting method.

A-5.3.1.1 Class A Sensor Configuration. Class A
hag one configuration and is designated Al. Al Class
A spnsor configuration shall be constructed for insertion
intg a bracket that conforms to Fig. A-4. Class A sensors
are|intended to be used in applications wheré\the air
tenjperature is being measured at pressures-of or near
1 afmosphere. The class A sensor configuration shall
meet the dimensional requirements of FigZ A-1, classifi-
catjon designation C2. A bracket that conforms to the
reghirements of Fig. A-4 shall be\supplied with each
clags A sensor configuration.

A-5.3.1.2 Class C Sensor Configuration. The class
C sensor configurationshall be constructed for insertion
intp a thermowell.«This sensor configuration is not
int¢nded for appliCations requiring direct immersion
intg process fluid/or for applications where the sensor
becpmes paft of the process system pressure boundary.
The class.C Sensor configuration shall conform to the
reqpirémients on Fig. A-1.

Rubber

/J 1in.
grommet 1 / + I

3/4 in.—28 UNS-2B

4in.—————

716 in. |
diameter

A-5.3.3 'Dial Size. Standard dial sizes shall He desig-
nated\by a series of symbols specified in the|follow-
ing‘table.

Dial Size Symbol
3% 3
4Y 4
8% 8

A-5.3.4 Capillary Tubing Length. Capillary tubing
shall be specified in increments of 15 ft and phall be
limited to 75-ft length except for ranges below 240°F
when specifically approved by the purchaser.

A-6 REFERENCES

ASME B40.9, Thermowells for Thermometfrs and
Electrical Temperature Sensors

Publisher: The American Society of Mechanical
Engineers (ASME), Three Park Avenue, New York,
NY 10016-5990, Order Department: 22 Law Drjve, P.O.
Box 2300, Fairfield, NJ 07007-2300

ASTM A 167, Standard Specification for Stainless and

A-5.3.2 Range. Each temperature range is intended
for use in the application or process fluid listed below.

(a) —40°F to 180°F range for cold storage (air)

(b) 20°F to 240°F range for water and oil

(c) 50°F to 550°F range for hot water and com-
pressed air

(d) 50°F to 750°F range for saturated steam

(e) 400°F to 1,200°F range for superheated steam

The range shall be designated by a series of symbols
specified in Table A-8.

Heat Resisting Chromium-Nickel Steel Plate, Sheet,
and Strip

ASTM A 473, Standard Specification for Stainless Steel
Forgings

ASTM B 26, Standard Specification for Aluminum-Alloy
Sand Castings

ASTM B 85, Standard Specification for Aluminum-Alloy
Die Castings

ASTM B 117, Standard Test Method of Salt Spray (Fog)
Testing
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Table A-8 Temperature Range Classification Designations

Max. Operating Dial Minor Dial Numeral Applicable Temperature Range
Range, °F Temperature, °F Division Interval Class(es) Classification Designation
—-40 to 180 180 2 20 A, C 18d
20 to 240 240 2 20 C 24d
50 to 550 500 5 50 C 55d
50 to 750 700 5 50 C 75d
400 to 1260 5160 0 00 € t+2h

ASTM D 788, Standard Classification System for Poly
(Methyl Methacrylate) (PMMA) Molding and
Extrusion Compounds

ASTM
Packd
Publishl
Driv
19428
FED-ST
Servi

D 3951, Standard Practice for Commercial
ging
br: ASTM International (ASTM), 100 Barr Harbor
b, P.O. Box C700, West Conshohocken, PA
-2959

D-H28, Screw Thread Standards for Federal
re

FED-STD-595, Colors Used in Government-Précurenjent

Commercial

MIL-5-901, Shock Tests, H.I. (Highdmpact); Shipbd
Machinery, Equipment and Systéms, Requirem
for

Publisher: Department ofiDefense Single Stock P
for Military Specifications and Standards (DODS

ard

nts

bint
bP),

Defense Automated' Printing Service, 700 Robbins

Avenue, Building-4/D, Philadelphia, PA 19111
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LIQUID-IN-GLASS THERMOMETERS

1 SCOPE (f) MIL-T-19474, April 1956, Military Specification;
This Standard_is_confined_to_analos licuid-inclass Thermometer, Self-Indicating, Liquid-in-Glass, 6 in.
. S e AT TS (g) MIL-T-19475, April 1956, Military Specificatjon;
industrfal-type thermometers for industrial applications . T ¢
Thermometer, Self-Indicating, Liquid-in-Glass, 7-in/and

that serfse process temperature by means of the expan- 9-in. case

sion .of Fhe'hqmd within the glass thermometer bulb. (h) RC7-1, 1962 SAMA (Scientific Apparattis Makers

The liqyid fill, based on the temperature to be measured, o R .
o . Association) Standard: Liquid-in-Glass Industyial

may be|mercury or organic liquid. This Standard does

not indlude laboratory-type ASTM thermometers
(Specififation Designation: ASTM E 1-86).

NOTE: |Thermowell Standard ASME B40.9 does not include
dimensignal information or drawings for the internally tapered
thermowgll described in this Standard. This internally tapered
thermowgll has been in continuous use since 1927. The dimensional
informafion listed is to be considered critical to ensure inter-
changeapility within the industry, for both new and existing
thermomjeters.

2 HISTORY

Since|
mometg

1900, the introduction of the liquid-in-glass ther-
r for pipe line, tankage, and other temperature-
measur|ng applications became a reality. In such equip-
ment, if the fitting attaching the thermometer to the
equipment is not dimensionally standardized, extrémve
difficully in replacing a thermometer is encountered.
Over tle years, manufacturers have standardized the
produc. To accommodate the interchangeability, this
endeavior has been helped by the introduction of
Military, Federal, and Trade Assodiation Standards.
Dimengional and other information _from the following
liquid-in-glass industrial thermometer specifications
have bgen incorporated into.this Standard.

(a) EB.B. No. 472, March'5, 1927, United States Gov-
ernmenf Master Specification for Thermometers, Indus-
trial. “This specification was officially promulgated by
the Fedfral Specifications Board on March 5, 1927, for
the use |of the Départments and Independent Establish-
ments ¢f the.Government in the purchase of industrial
thermomnétets.” (From the title page of the specification.)

Thermometers

(i) GG-T-321d, July 1977, FederalSpecification, super-
ceding GG-T-321c, dated 1962¢ Thermometers, Self-
Indicating, Liquid-in-Glasstfer* Machinery and Piging
Systems

NOTE: All of the above standards have been cancelled. This Ytan-
dard retains the critical~dimensions and terminology of the |can-
celled standards.

ASME hag)been granted authorization by SAMA to
assume responsibility for the cancelled RC7-1 Standard
and replace it with this B40.8 Standard.

3. STYLE
3.1 Industrial

The thermometers described have a nominal case
of 7 in., 9 in., or 12 in. See Fig. 1, illustration (b).

Eize

3.2 Compact 6 in.

The thermometers described are of a different degign
and are not interchangeable with Industrial Style of ppra.
3.1. The primary use for a 6-in. nominal case size ther-
mometer is for small diameter pipe lines, whegein
shorter immersion length of thermowells is required, or
mounting space for the thermometer is restricted. |See
Fig. 2, illustrations (a) and (b).

4 TERMINOLOGY AND DEFINITIONS

4.1 Thermometer Tube and Scale

scale, thermometer: a thermometer scale is printed or

(b) GG-T-3ZT, March 31, 1931, superceding U.5.G.M.S.
472a October 1928; Federal Specification, Industrial
Thermometers

(c) 18T14(INT), November 1941, Thermometers,
Mercurial, Navy Type, 6-in. case, Bureau of Ships

(d) 18T7j, July 1, 1944, superceding 18T7j December
1937, Navy Department Specification; Thermometers,
Industrial

(e) MIL-T-656, April 1953, Thermometer, Self-
Indicating, 6-in. case

50

engraved on metal with the temperature range in read-
able lines and readable numerals. The scale is secured
within the case with the test points on the thermometer
tube aligned with the corresponding scale graduation.
The height of the liquid column within the glass ther-
mometer tube is then visually translated into tempera-
ture. Thermometer scales are graduated in degrees
Fahrenheit (°F), degrees Celsius (°C), or degrees Fahren-
heit and Celsius (°F/°C). Formulas and abbreviations
for conversion of these temperature units are
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Fig. 1 Case Form

Case adjustment

Case width 23/gin. = 1/, in.

Stem adjustment

Stem adjustment

O
O

(a) Adjustable Angle C)\\

@00

Q-

[ Si—

.

Ny
S

7-in., 9-in or
12—in@ning

(b) Straight

F
180

[

H

(c) 90-deg

Back Angle

51

HlI——

(d) 90-deg Right-Side Angle
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Fig. 1 Case Form (Cont’d)

i

(e) 90-deg Left-Side Angle

Front —-

45 deg

(f) 45-deg Reclined Angle

L

<~——Front

45 deg

2

(g) 45-deg Inclined Angle
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Fig. 2 Liquid-in-Glass Compact 6-in. Style Thermometer

<— 11/, in.—>|{<— Case width +1/, in.

<— Case

| — Scale

| Window

Front —>

5in.to 6in.
opening

| — Glass thermometer
tube

A

(b) 90-deg, Back-Angle Form

] ;

Jam nut thread —° v 9/16 in. min.
3/4in. 28 UN-2A —r

/16 in. diam. max. —— LVs in. Ve in:
Nominal Stem Length, A Thermowell (See Fig. 13)
|_| Bulb 2in. Standard — sh¢rt
<— chamber Stem length, 4in. Standard — lor{g
A

0.002
0.372 diameter —>| |<— J_ro_ooo

(a) Straight Form

GENERAL NOTE: This illustration is not intended to show design details, except as noted.
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Fig. 3 Glass Thermometer Tube Types

(a) Glass Thermometer for Adjustable Angle Case Form
Glass sealing bendable metal alloy capillary

(G ya

/

Liquid column Stem tube Glass bulb

Scale tube

sensitive portion: that portion of a stem, bulb chamber,
or bulb guard enclosing the temperature-sensitive glass
bulb (see Figs. 5 and 6).

stem: a component that extends from the case and
encloses the temperature-sensitive portion of the glass
thermometer tube within the bulb chamber or guard.
The stem can also include the component called the
jam nut if the thermometer is to be fitted with a union

A N N \

(b) Glass Thermometer Tube for All Other Case Form
(Illustration is for straight form case)

GENERAL|NOTE:
details.

G—

This illustration is not intended to show design

Fahrefiheit: U.S. Customary unit of temperature mea-
suremeht. Abbreviation °F.

°F = (°C x 9/5) + 32 (212°F = 100°C)

Celsiyfs: ST unit of temperature measurement (formerly
Centigrhde). Abbreviation °C.

°C = (°F - 32) X 5/9 (32°F = 0°C)

tube, thdrmometer: a thermometer tube manufactured of
special thermometer glass capillary stem tube fused to
a thermlometer glass bulb and glass scale capillary tube
is a temperature-measuring component containing a iy
uid fill|in which the liquid column is observed\as an
indicatipn of temperature. For the adjustable type’ ther-
momet¢r tube, a capillary of metal alloy is fused/between
the sterh tube and the scale tube. The scale tube may be
a magnjfying lens for better visibility-of the liquid col-
umn (s¢e Fig. 3).

4.2 Thermometer Stem

bulb chajnber: that portion ofithe stem length that encloses
the temperature-sensitive:glass bulb. The space between
the glags bulb and intier wall of the bulb chamber is
filled wjith a heat-conducting medium capable of with-
standing the temperature range of the thermometer [see
Fig. 4, fjlustrations (a) and (b)].

bulb gudrd;that portion of a stem enclosing the tempera-

don. £l ) 11 Lot L I 7
CUIIICCLIVULL, llallEC, Ul UITIITTUVVTIT 11LL11[5 A=A Y 16. 7).

stem length, compact style: a stem is composed of a sensi-
tive portion (bulb chamber) for lengths of\2)in. pnd
4 in. and a revolving jam nut for installation info a
thermowell [see Fig. 2, illustrations (a).ahd (b)].

stem length, industrial style: a steni™is composed ¢f a
sensitive portion (bulb chamber,er\guard) and an exfen-
sion for lengths longer than 3% in. (see Fig. 8). The fwo
commonly used stems are plain and union connected.
The union-connected stef-has a seating part and revplv-
ing jam nut fitting for attachment to a thermowell, biish-
ing, or flange [see Fig. 4, illustrations (a) through (f)].

4.3 Thermometer Case and Form

case, thermomieter: a v-shaped housing that accepts|the
scale portion of the glass thermometer tube and sfale
and provides a threaded boss to accept the thermometer
stemProvision is also made in the thermometer ¢ase
te accept the clear window that protects the glass ther-
mometer tube from damage [see Fig. 1, illustrationg (a)
through (g); Fig. 2, illustrations (a) and (b); and Fig} 7].

form, adjustable angle: one in which the case can be pposi-
tioned to assume, as a minimum adjustment, all offthe
case forms listed, with respect to the center line of|the
stem [see Fig. 1, illustration (a)]. Range limitation{ for
the adjustable angle form may be to a maximum of 730°F
or 400°C.

form, case: the case form of the thermometer is deter-
mined by the orientation of the thermometer stem with
respect to the case front.

form, straight: a straight-form thermometer is ong¢ in
which the stem projects downward from the bottorh of
the case in a line parallel to the face of the thermometer
[see Fig. 1, illustration (b)].

form, 90-deg back angle: a 90-deg, back-angle form ther-
mometer is one in which the stem projects from|the

ture-sersitive glass—butb—The butb guardissiotted or
perforated to expose the glass bulb to process tempera-
tures and provide fast response to temperature changes
[see Fig. 4, illustrations (c) and (d) and Fig. 5].

jam nut: a threaded fitting that is located at the top of the
stem assembly. The jam nut freely rotates in its captive
connector, and when the thermometer is inserted into
a thermowell, bushing, or flange, the thermometer can
be positioned for maximum readability before the jam
nut is tightened [see Fig. 4, illustration (a)].

lowerrear-of the case-ata-920-dearear-anale to-thestale
lowerrear-of-the-case-at-a-90-degrear-angle-to-thest
[see Fig. 1, illustration (c)].

form, 90-deg, right-side angle: a 90-deg, right-side angle
form thermometer is one in which the stem projects
from the lower right side of the case at a 90-deg angle,
parallel to the face of the thermometer, as viewed from
the front [see Fig. 1, illustration (d)].

form, 90-deg, left-side angle: a 90-deg, left-side angle form
thermometer is one in which the stem projects from the
lower left side of the case at a 90-deg angle, parallel to
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Fig. 4 Types of Stems

Thermometer case

40 —
30
0
W4 E—
— — 30
1] ]
/Jam nut
T~ Seating part
(see Fig. 10)
Stem Bulb Stem
length /_ chamber\ length
Sensitive
portion
(b) Plain Stem

(a) Union-Connected Stem
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Fig. 4 Types of Stems (Cont’d)

Thermometer case

GENERAL

NOTE:

40 —
30
_
W4 IE—
f— — 30
NIk
/Jam nut
T~ Seating part
(see Fig. 10)
Bulb
guard
Stem Glass thermometer bulb Stem
length / \ length

Ve

\Z/

(c) Union-Connected Stem

These illustrations are not intended to show design details.

Sensitjve ¥
pottion
\ Z/
(d) Plain Stem
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Fig. 5 Union-Connected, Air-Duct Stem With Flange

—
W E—
i — 30
/— Jam nut
Sﬁ
I_/—I«\/— Flange
NS \ NN
N\ Gasket
Seating part
Bulb guard
Ingertion /_
ength
Glass thermometer
/ bulb
Sensitive 4
portion

=/

GENERAL NOFE:/ This illustration is not intended to show design

detdils.

Fig. 6 Union-Connected Stem With Flan

40

30

/—Jamn

N
—————=\J—— Flange

Insertion
length

GENERAL NOTE:

details.

N\ Gasket
Seating part]

Sen

sitive

portion

ge

/— Bulb chafnber

This illustration is not intended to shqw design
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Fig. 7 Liquid-in-Glass Industrial Thermometer

Scale

Glass thermometerdube

/
/Case

Stem

GENERAL NOTE: This illustration is not intended to show design
details.
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Fig. 8 Union-Connected Stem Dimensions

9/ i 11/4-in. hex (minimum
/16\m' ¥ across flats)
7/Sin. ~ "%A/— 11/ in. 18 UNEF-24A

Jam nut—/

 «—— Machined thread to match
thermometer case hub

. +0
1 1/8-|n._,‘ 3/16 iN. T/M

diameter

p—

Seating part \\//|
3/4-in. max.
diameter
Nominal Stem Length, in. Dimension A, in-
31/, 3%g Stem
6 6'/5 length, A*
8 8y
9 9/g 235/g,-in.
12 121/g minimum
18 187/g
24 241/g
NOTE: Fractional dimensions +1/g, in., unless
otherwjse heted. o
0.4367 . %
|<—>|— 0.4353 diameter
0.182
0178 taper/ft*
FRAL NOTES:
Al dimensions:with asterisks (*) are critical for proper fit to thermowells detailed on Fig. 12 and thermowell dimensions as sh

Table 1.

Fractional, dimensions £, in. unless otherwise noted.

All dimensions are in inches.

This’ illustration is not intended to show design detail, except as noted.

own in
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the face of the thermometer, as viewed from the front
[see Fig. 1, illustration (e)].

form, 45-deg inclined angle: a 45-deg, inclined-angle form
thermometer is one in which the front of the case is
tilted forward through an angle of 45 deg with respect
to the center line of the stem [see Fig. 1, illustration (g)].

form, 45-deg reclined angle: a 45-deg, reclined-angle form
thermometer is one in which the front of the case is

union-connected stem: using a jam nut and seating part
for connecting the thermometer stem to a bushing, ther-
mowell, or flange [see Fig. 4, illustration (a)].

union-connected stem for air-duct applications: the bulb
guard, a perforated or slotted metal enclosure at the
base of the stem, protects the glass thermometer bulb
while providing rapid response to temperature change
[see Fig. 4, illustration (c), and Fig. 5]. Stem lengths are

tilted backward through an angle of 45 deg with respect
to the c¢nter line of the stem [see Fig. 1, illustration (f)].

4.4 Fitd

bushing a fitting provided with external threads for
attachnfent to a vessel and with internal threads and
seating[means for mounting the temperature sensing
elemen{ of the thermometer to the bushing. To effect
pressufe tightness, a gasket (fiber or otherwise) is
inserted between the seating part of the stem and inter-
nal facg¢ of the bushing [see Fig. 9, illustrations (a)
and (b)].

flange:
attachn]
seating
ment tH
sheath

ings and Stems

h fitting provided with a flanged surface for
ent to a vessel and with internal threads and
means for mounting a temperature-sensing ele-
erein. A flange does not have a pressure-tight
pelow the flanged surface (see Figs. 5 and 6).

insertion length, thermowell: that portion of a thermowell
that prdtrudes into the process medium being measured
[see Fig. 10, illustrations (a) and (b)].

insertionf length, union-connected stem: that portion-of a
union-connected stem that protrudes into the process
mediunh being measured [see Fig. 9, illustrations (a)
and (b)].

lagging]
mowell

extension: that portion of-a\buishing or ther-
above the external threads;+intended to extend
througlf the lagging (insulatien)-of a vessel or piping
system [[see Fig. 9, illustration-(a), and Fig. 10, illustra-
tion (a)].

plain stgm: not provided with a threaded connection or
other means of attachment to a vessel or piping system.
Installafion of adhermometer having this type stem is
generally by-fireans of an adjustable clamp or plain bored
flange grovided with a locking screw [see Fig. 4, illustra-

+1 1 . hnkd 10
LT 54I111T d5 SITUOWILT 11T 116. 1U.

5 DIMENSIONS — COMPACT STYLE

5.1 Jam Nut
The jam nut thread shall be %-28 UN-2A. The hexagon

size shall be 1 in. [see Fig. 2, illustrations (a) and (Ip)].

5.2 Stem Chamber Diameter.

The stem chamber diameter shall be 0.372 in., +0
in./-0.000 in. The steimr~chamber shall be straight
the full length (see Fig. 2).

002
for

5.3 Stem Length

The nominfal standard stem length shall be 2-in. s
dard short and 4-in. standard long (see Fig. 2).

an-

5.4 -Thermowells

Thermowells for compact 6-in. thermometers|are
designed to provide clearance between the stem cham-
ber diameter and bore of the thermowell to ensure ¢ase
of insertion of the thermometer stem to the thermoyvell
(see Fig. 11). To improve response time, the space $ur-
rounding the stem within the thermowell may be fifled
with a heat transfer medium suitable for use at the pro-
cess temperature.

5.5 Thermometer Assembly

Nominal case size is 6 in. [see Fig. 2, illustratjons
(a) and (b), for nomenclature and nominal size for|the
assembled compact thermometer].

6 DIMENSIONS — INDUSTRIAL STYLE

6.1 Jam Nut

The jam nut thread shall be 1%-18 UNEF-2A. [The
hexagon size shall be 1% in. minimum across the flats

tions (b}-and-(dH-

Movuntina flanaa or
5COF

Aamonetshowmn
TVIOEHTHR S it P-RO+5HOWH:

Crott

thermowell: a pressure-tight fitting that can be installed
to a process network and accepts the thermometer stem.
It facilitates the removal and reinstallation of a thermom-
eter without creating a temporary leak and without
requiring process shutdown. A thermowell is provided
with external threads or other means for pressure-tight
attachment to a vessel or piping system [see Fig. 10,
illustrations (a) and (b), industrial style, and Fig. 11,
compact style].

60

(see Fig. 8).
6.2 Seating Part

The seating part shall be 1% in. outside diameter and
have a thickness of % in., +0 in./-%; in. (see Fig. 8).
The function of the seating part is to provide a flat
surface to engage the jam nut face, enabling the ther-
mometer stem to be engaged into a union bushing or a
thermowell or flange [see Figs. 5 and 6; Fig. 9, illustra-
tions (a) and (b); and Fig. 10, illustrations (a) and (b)].
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Fig. 9 Union-Connected Stem With Bushings

40 40

30 30

Jam nut Thread
/_ allowance

7 « Bushing ——— 7
._’,__/;
% mammn
T \§ Gasket rd
Lagging Seating part Tin.
extension
length, T
4
1-in. thread\allowance
Insertion
length, U
Insertion
length, U
(a) (b)

GENERAL NQTES:
(@) pee Table 1 for T and U dimensions.
(b) [These illustrations are not intended to show design details.

61


https://asmenormdoc.com/api2/?name=ASME B40.200 2008.pdf

ASME B40.200-2008 (B40.8)

GENERAL
(@ SeeT
(b) Thesd

Fig. 10 Union-Connected Stem With Thermowell

40 40
30 30

Jam nut Thread
/_ allowance
— «— Thermowell
————
7 s
Lagging Tin
extension
length, T
4
Tin
Insertion
7 7 length, U
{ Insertion
length, U
(a) (b)
NOTES:
ablela~for T and U dimensions.

illuStrations are not intended to show design details.
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Fig. 11 Thermowell for 6-in. Compact Style Thermometer

11/46-in. hex
minimum

3/4in. 28 UN-2B, /, in. deep
NI 5/.8—in. Ll
diam-
eter ¢
1/, in. I
! 7 11/16in. )
3/4-14 NPTZ 113/, 0n. l i
34g-in. f Y 37/,-in.
minimum Y» g 5/g in. 0.A. length ! ;
[} 1 1 d 51/16-"'1.
1/-14 NPT /A minimum
/—1/2-in. diameter
+ 51/4-in.
L O.A. length
0.080-in.
0.385 .
2N\ <5378 diameter minimum

(a) Standard Thermowell — Short

(b) Standard Thermowell — Long
GENERAL NOTES:

(@) [folerances’onfractional dimensions to be ', in.

(b) Pl dimension are in inches.

(c) [These-illustrations are not intended to show design details, except as noted.
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6.3 Stem Length

The nominal standard stem lengths shall be 3'/, in.,
6 in., 8 in., 9 in., 12 in., 18 in., and 24 in. (see Fig. 8 for
actual stem length dimensions).

6.4 Extension Diameter

The diameter of the stem extension below the seating
part on the union-connected stems shall not exceed % in.
On plafr ' i ITaXITITOTY
outside|diameter of 1 in.

.t exXternsio aAve a M3 O

6.5 Unjon-Connected Stem

The ynion-connected stem shall be in accordance with
Fig. 8. When a bulb guard is used, the sensitive portion
shall hafe the same diameter as the extension (see Fig. 5).

6.6 Bushing

nsions for bushings are shown in Fig. 12, illustra-

(b).
brmowells

Thermowells for industrial thermometers are
designed to provide metal-to-metal contact between the
tapered| portion of the union-connected stem and the
tapered| portion of the thermowell bore, providing a
quick response to temperature changes of the system
being theasured. Nominal thermowell sizes shall be
3% in., 6 in., 8 in., 9 in., 12 in., 18 in., and 24 in. [see
Fig. 13] illustration (a)]. Where lagging extension is
requiredl, this length shall be 2% in. to 3 in. [see Fig, 13,
illustrafion (b)]. Thermowell style numbers are designed
in Tablg 1.

6.7.1 Thermowell Materials. In general;”material
selectioh is governed by temperature, pressure, flow,
and corfrosive effect of the process medium to be mea-
sured. $tandard materials commonly offered are brass
(ASTM B 16), carbon steel (ASTM ¢+1018), stainless steel
(AISI 304 and AISI 316), and(Monel.

6.7.2 Thermowell Construction. Thermowell config-
uration$ are manufactured by machining to specified
dimensjons bar stock materials, castings, or forgings.

The f|

7.2 Glass Tube and Bulb

The thermometer shall be provided with a glass tube
and bulb that has been adequately annealed for long-
term indicating accuracy. For the adjustable angle ther-
mometer, a glass-sealing, bendable metal alloy capillary
shall be heat sealed between the thermometer glass tube
and bulb. The tube shall be a magnifying lens tubing
with a white ene11mel strip at the back. The width shall
pe-1rrotressthan— ctstrarstyre)ane 71 1 {tcpm-
pact style). The filling above the liquid column shall be
nitrogen or other inert gas (see Fig. 3).

8 DESIGN
8.1 Case

The case shall be designed todensure maximum r¢ad-
ability. The window shall be securely fitted into the ¢ase
or a frame attached to thecase so the thermometer fube
will be protected from mishandling during installation
and use. Cases and ¢frames shall be made of metal or
an engineering plastic, able to withstand the operating
temperatures encountered after installation.

8.2 Stem

A unioni-connected stem and plain-stem thermometer
shall be protected and sealed by a metal bulb chambe}, or
bulb.guard to prevent breakage of the glass thermomgpter
bulb. The glass thermometer bulb shall extend into |this
chamber or guard to ensure proper heat transfer ffom
the process being measured to the thermometer tiibe.
The space between the glass thermometer bulb and
internal diameter of the bulb chamber shall be filled with
a heat-conducting medium to ensure a rapid responge to
temperature change.

8.3 Scale

The nominal length L of the thermometer scale shall
be7in.,9in., and 12 in. for the industrial style thermome-
ter and 6 in. for the compact style thermometer pnd
have dimensions in accordance with the following] in-
text table. Scales shall be metal suitably coated and
printed (or engraved) and may be slotted to provid¢ an
adjustment of two scale divisions.

of 500°F or 288°C.

L, Graduated Length, Width,
7 THERMOMETER FLUID Nominal, in. Minimum, in. Minimum)} in.
uid shall be organic liquid with an upper limit 6 3% 1
7 5 %
9 7 1%
12 10 1%

7.1 Organic Liquid

The organic liquid shall be chemically stable and capa-
ble of coloring with lightfast dyes. Colors other than red
are acceptable. The dyes shall not fade or precipitate
out of the organic liquid with long-term use. No separa-
tion of liquid and coloring shall be evident as a result
of continuous exposure to temperatures within the scale
range.

64

8.3.1 Scale Marking. The scale shall be accurately
and correctly graduated up to and including the last
subdivision of the scale. The scale markings shall not
be extended to temperatures beyond which the ther-
mometer is suited. The units °F or °C, or °F and °C and
a legend “ORGANIC LIQUID” may be legibly marked
thereon.
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Fig. 12 Bushing Dimensions

Jam nut thread
11/4in. 18 UNEF-2B
Minimum perfect
thread length 13/3, in.

11/,-in. hex
across flats
(minimum)

13/,gin.

Sgin.  [13/1gin.

)

Lagging
extension
length

1-in, thread
allowance

{7

1-in. thread
allowance

Y

25/39-in,
. diameter
s<— 3/4in. or

% 1in. NPT

—»‘25/32-in.L—Minimum

diameter

(a)

FRAL NOTES:

Fractional dimensions £ /.in) unless otherwise noted.

All dimensions are in inches.

These illustrations afe~not intended to show design details, except as noted.

~<—3/,4-in. or 1-in. NPT

~<— Minimum

(b)
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Fig. 13 Thermowell Dimensions

11/4 in. 18 UNEF-2B
minimum perfect

thread length 13/35 in.

11/2-in. hex (minipnum)
across flats

%/ %5/3 in.I 13/1% in.
2 D —=r ¥
lag | 8/4-in. or
extension, 1-in. NPT
T
4*7 W |25/35-in. diameter*|—
1-in. thread,é o for 3/4-in. NPT
allowance Yiumerer 5/16-in. diameter
y for 1-in. NPT | H
Overall
0.055/0.050 wall
length, 2 N for 3/-in. NPT
Inseftion 0.187/0.171 wall
length, U for 1-in. NPT
w 0.178
|~ o8z taperft
29/16 in
_L—3/32 in.
LT
-t — 0.437/0.440 diameter
Theoretical
end of taper — l<—5/g-in. minimum

0.4353/0.4367 diameter

(b)

11/4 in| 18 UNEF-2B
minfmum perfect — 11/2-in. hex minimum
threpd length 13/35 in. : across flats
3/4in 5gin.| 13/1gin.
.OI‘ 44L
1-in. NP 1-in. thread
¢ allowance
25/35-in. diameter*——>*Tolerance
D [1 for3/g-in. NPT +1/ga, -0 in.
diameter || | |15/16-in. diameter,
for 1-in.NPT | H
P 0.055/0.050 wall
Insertion _» for 3/4-in. NPT
length, U 0.187/0.171 wall
for 1-in. NPT
w — =
0.178
|~ 018z 1aPer/ft
/
29/1g in.
4 i
N
— 4— 0.437/0.440 diameter
Theoretical
end}f taper — l<—5/g-in. minimum
0.4353/0.4367 diameter diameter
(a)
GENERAL|NOTES:
(@) Fractional dimensions +%, ifi., Uinless otherwise noted.
(b) All infernal diameters to_Be-toncentric within 0.010 T.I.R.
(©) All difmensions are in.inches.
(d) Length W is the dimension to the end of internal taper reaming from the top of the thermowell.
(e) Refer|to Table 1/for other dimensions.
(f) Thesq illustratiens”show dimensional details.

diameter
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+1/a, =0 if.
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Table 1 Thermowell Dimensions, in.

ran|
pag

Length, W

Thermometer Insertion Lagging Overall [Note (1)]
Well Stem Length Length, Extension, Length, Length, +0.034
Style (See Fig. 10) U T V4 H -0.000
3% 3% 2% 0 A 1%, 4.125
6 6% 5% 0 67/ 4%, 6.625
6 Ext 6% 2 %6 2%, (YA 4, 6.625
8 8% Y46 0 87 6%, 8.625
8 Ext 8l 4% 2%, 87 6"V, 8.625
9 9% Ve 0 9% 74 9.625
9 Ext 9% 5% 3 9% 7V 9.625
12 12% 11Y%, 0 127 102%, 12.625
12 Ext 12Y 8% 3 127, 10'Y, 12.625
18 18Y, 17Y46 0 18% 16'Y, 18.625
18 Ext 18Y, 14Y46 3 187/ 16, 18.625
24 24Y, 23Y46 0 247/, 22, 24.625
24 Ext 24Y, 20Y46 3 247/, 22y, 24.625

GENERAL NOTE: See Fig. 12 for all other dimensional information for thermowells.

NOTE:

(1) Length W is the dimension to the end.of internal taper reaming from the top of the thermowell.

8.3.1.1 Scale Ranges. The listshows typical scale
oes for the industrial style thiermometer and the com-
t style (6-in. case) thermometer. Other ranges are in

comhmon use and acceptablel Combination °F and °C

8.4 Threads

All screw threads shall be in accordan
ASME B1.1, Screw Threads, Inch Unified. 4
threads on bushings or thermowells shall be i
dance with ASME B1.20.1, Pipe Threads.

8.5 Accuracy

The conformity of indication to an accepted g
or true value. Accuracy is the difference (error) |
the true value and the indicated value express
percent of span. It includes the combmed ef

re with

A1l pipe
h accor-

tandard
between
ed as a
fects of

ranges can be placed ©n a single scale blank. The °
range is usually placed on the left side of the scale, and
the[°C range is plac&d on the right side of the scale.
EXAMPLE: 30°E/240°F and 0°C/115°C.
Industrial Style
7<in..9-in., and 12-in. Compact Style
OF OC OF OC
-40/110 -40/45 -40/110 -40/45
30/180 0/80 30/180 0/80
30/240 0/115 30/240 0/115
30/300 0/150 30/300 0/115
50/400 10/200 50/400 10/200
50/550 10/290
50/750 10/400
200/950 95/510
200/1000 95/525
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t. Accu-

racy errors mclude repeatability errors. Where specifica-
tions or requirements dictate accuracy of 1% of range

span, the following should be considered:

(a) heat transfer capability, including flow effects of

process medium

(b) whether or not the bulb chamber is in a thermowell

(c) conductivity of the thermowell material

8.5.1 The entire insertion length shall be immersed
in a suitable bath. A calibration standard will be used
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to measure the temperature of the bath. The bath shall
be uniformly agitated. A calibration curve consisting of
at least five equally spaced points shall be obtained over
the operating range of the instrument to determine the
extent of the accuracy of the indication. The bath must
be agitated in such a manner as to eliminate lag between
the thermometer and standard. For purposes of meeting
the accuracy requirement of para. 8.5, the thermometer
shall be_considered satisfactory if the calibration curve

8.8 Safety

The industrial and compact style thermometers con-
tain mercury, or organic liquid, to indicate temperature.
Under current federal guidelines, metallic mercury is
considered a hazardous substance. Mercury sealed
within the thermometer-indicating tube is harmless. If
broken, it must be disposed of in accordance with appli-
cable federal, state, and local laws and regulations. Con-

indicatgs that adjustment of the scale will bring all data
within |% of the range span.

8.6 Over-Temperature

Each thermometer glass tube shall have an expansion
chambdr, blown into the top of the tube, capable of
providihg a minimum of 50°F above the top of the scale
range.

EXAMPLE: Range 0°F/120°F. Thermometer to be capable of
withstanfling a temperature of 170°F without damage or breakage.

NOTE: [For thermometers with a maximum indicating range
above 55P°F, no expansion chamber is required.

8.7 Re

Resp
to resp

sponse Time

nse time is the time required for a thermometer
nd to a step change in temperature. Response
time vafies according to a number of interrelated param-
eters, ifjcluding the following:

(a) tgmperature differential

(b) depth of immersion

(c) heat transfer capability, including flow effectsvof
process|medium

(d) whether or not the instrument is in a thermowell

(e) thickness of the thermowell wall

(f) cgnductivity of the thermowell material

(g) heat transfer speed between-thermometer stem
(sensitiye portion) and thermowell

The yser is encouraged to determine whether or not
response time is critical.

buli, .lllC lllClllblICll_i.bllCL /D IVialCllﬂl Sd{ciy Da'Lcl sl eet
(MSDS) for details. The nominal quantity of merqury
within a thermometer is 4.5 g (0.16 oz.). For hazardous
components, consult the manufacturer’s MSDS shegt.
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