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temperatures. thermometer Callbratlons are covered over temperature ranges appropriate to the |nd|V|duaI types of thermocouple:
within an over-all range from-abeut—2180 approximately —195 to 1700 °C«{-3296-t6-2660°F). 3100 °F).

1.2 In general—the-test this method is applicablete—-bare wire unused thermocouples. This method does not apply to used
thermocouples due to their potential material inhomogeneity—the effects of which cannot be identified or quantified by standard
calibration techniques. Thermocouples with large-diameter thermoelements and sheathed-thermoeeouples. The latter thermocouple
may require special care to control thermal conduction losses.

1.3 In this method, all values of temperature are based on the International Temperature Scale of 1990. See Guide E 1594.

1.4 This standard may involve hazardous materials, operations and equipment. This standard does not purport to address all
of the safety concerns, if any, associated with its use. It is the responsibility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of regulatory requirements prior to use.

2. Referenced Documents

2.1 ASTM Standards:

E 1 Specification for ASTM Thermometérs

E 77 Test Method for Inspection and Verification of Thermométers

E 230 Specification for Temperature-Electromotive Force (EMF) Tables for Standardized Thermdcouples

E 344 Terminology Relating to Thermometry and Hydrométry

E-563—Practice 452 Test Method for Calibration of Refractory Metal Thermocouples Using a Radiation Therfometer

E 563 Practice for Preparation and Use of Freezing Point Reference?Baths

E 644 Test Methods for Testing Industrial Resistance Thermonieters
E 988 Standard Temperature-Electromotive Force (EMF) Tables for Tungsten-Rhenium Thermeeetfples and
E 1129 Specification for Thermocoupte-Materidls
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E 1684 Specification for Miniature Thermocouple Conneétors
E 1751 Guide for Temperature Electromotive Force (EMF) Tables for Non-Letter Designated Thermocouple Combinations

3. Terminology

3.1 Definitions—The definitions given in Terminology E 344 shaltbe-considered-as-applying apply-te-the-terms used in this test

method.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 check styandard n—a measurement instrument or standard whose repeated results—of—thermoeoupte—the type
measurement are used to determine the repeatability-of-athermocoupte-istepresented by calibration process and to verify that t

results of a-letter-designation-as-defined-inaeceordance calibration processes are statistically consistent-with-Specification E 23

past results
3.2.2 isothermal blockn—a piece of solid material of high thermal conductivity used to promote thermal equilibrium between

two or more thermometers.

3.2.3 reference junction compensatiar—the adjustment of the indication of a thermocouple such that the adjusted indication
is equivalent to the emf or temperature that the thermocouple would indicate if the reference junctions were maintained at 0 °C

3.2.3.1 Discussior—In most cases, the thermocouple indication is adjusted by measuring the temperature of a terminal block
where the thermocouple is connected, and then adding to the thermocouple emf an additional emf equal to the emf of th
thermocouple reference function evaluated at the temperature of the terminal block. Because the emf-temperature relationship
any actual thermocouple differs slightly from that of the reference function, reference junction compensation typically introduces
higher uncertainties compared to the use of a well-prepared ice bath.

3.2.4 reference junction compensajor—a device that implements reference junction compensation.

3.2.5 reference thermometer,wi—thermometer that establishes the value of temperature in a given system containing
additional temperature sensors.

3.2.5.1 Discussior—In a calibration system the reference thermometer is a calibrated thermometer capable of indicating values
of temperature with known-w uncertainty. The reference thermometer provides the standard temperature for the system at the tin
of test.

3.2.6 thermocouple typer—a standardized thermoelectric class of thermoelement materials thatsusedair, have a normal
relationship between relative Seebeck emf and temperature.

3.2.6.1 Discussior—For common, commercially available thermocouples, a thermocouple type is identified by a letter
designation (types B, E, J, K, N, R, S, and T). The letter designation scheme is given in Specification E 230. The tables in E 98¢
and E 1751 give temperature-EMF relationships for a number of additional thermocouple compositions that are not identified by
a letter designation.

4, Summary of Test Method

i i HRg-ts— i with those
4 1 Comparlson cahbratlon conssts—ef—a—refaeeee—thermemeter at measu%rﬁg—ehe—same—tempera&rre—?he—refefeﬁee—thermome
upon tr

tempera%ufe—ﬂore—degfee emf—ef—aeewaey—reqtﬂfed—eee%her—eeﬂaderatlons
4-2-Sinee the i

ing the thermocouple being calibrated in a

isothermal medium while S|multaneously measur|ng—the—s{a|=rderdr|-zed—refefeﬁee—ﬂ+eﬁmemeteHethe same temperature within tl

feertrrred—wrﬁs oﬁeemw—emad%&w&m&%amﬁmosmg—m&mw&&mmﬁ%mh%eompansor
i aths, used medium-with prope

emf-eliminatin
meﬁument—leadmg—as—a—agﬁmeam—seuree—ef—error reference thermometeFFhe—detaHs—ef—Hae—teet—methed—tkme#efe—arm to provic
assurance-thatthe-emf-measured-s-actually-the-emf-output-ef the-thermocouple reference thermometer may be any thermome
with sufficient accuracy at the temperature-eftest-and-is-retinfluenced-by-emfs-arising-from-othersources. calibration.

5. Significance and Use

5.1 For users or manufacturers of thermocouples;the test this method provides a means-efeconfirming verifyingthe-acceptabilit
emf-temperature characteristics of the material prior to use.
5.2 This method can be used to calibrate a thermocouple for use as a reference, or it can be used to calibrate thermocoup!

representing a batch of purchased, assembled-state—TFypically-wire-producers—provide-ealibration thermocouples.
5.3 This method can be used for the verification of-the-individual conformance of thermoeeuple legs.

5.2-Fhe-test-method-provides—for—eetrtifications materials to temperature tolerances for specifications such as the tables |

Specification E 230 or other special specifications as required for commercial, military, or research applications.

5:3—Fhe-test-method-assumes-that-the-materials-are-hemegeneous.
6. Interferences
6.1 Since the success of this method depends largely upon the ability to maintain the measuring junction of the thermocoupl
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being calibrated and the reference thermometer at the same temperature, considerable care must be taken in choosing the med
and conditions under which the comparisons are made. Stirred liquid baths, uniformly heated metal blocks, tube furnaces, and dry
fluidized baths, properly used, are acceptable temperature comparison environments. In the case of large diameter thermoelement
and sheathed thermocouples, special attention must be given to effects of thermal conduction.

6.2 Voltage measurement instruments with sufficiently high input impedance must be used for measuring thermocouple emf to
eliminate instrument loading as a significant source of error. The ratio of input impedance to thermocouple loop resistance should
be significantly (at least 9 greater than the ratio of the measured emf to the desired emf uncertainty.

6.3 The method relies on the assumption that test thermoelements are homogeneous. If so, their output voltage at a given
measuring junction temperature is independent of temperature variations along the length of the thermocouple. Departures from
this ideal contribute to uncertainty in the use of test results. The effects typically are negligibly small for new, unused thermocouple
material, but not for used thermocouples, especially those of base-metal composition. The effects of inhomogeneity can be
identified, but not accurately quantified, by the techniques described in Appendix X4 in this test method. Comments on the testing
of used thermocouples may be found in Manual MNL(125

6.4 This method presumes that the tested thermocouples are suitable for use in air throughout the range of calibration
temperatures. To avoid oxidation of the thermoelements, refractory-metal thermocouples that have not been hermetically sealed
in a sheath suitable for use in air should be tested in an inert gas environment at temperatures above approximately 500 °C. In this
case, use of this Method is recommended in combination with the furnaces and related procedures described in Method E 452.

7. Apparatus

67.1 The choice of apparatus used for the comparison test will depend primarily on the temperature range to be covered and
on the desired calibration uncertainty. The apparatus required for the application-efthis test method will depend in detail upon the
temperature range being covered but in all cases shall be selected from the equipment deseribed below.

6—2—eem1aa|=a%er as follows.

7.2 Comparison Baths and FurnacesA controlled-eo tempaerature comparison medium (bath or furnace) shall be used in
which the measuring junction of the thermocouple to be calibrated is brought to the same temperature as a reference thermometer
The spatial uniformity of temperature within the nominally isothermal calibration zone shall be established. Acceptable methods
include measurements of the calibration zone at the time of testing or the use of control charts that display the periodic calibration
of check standards or the periodic characterization of the calibration zone. The frequency of such testing will depend on the
inherent stability of the bath or furnace. The uniformity of the calibration zone shall be remeasured sufficiently often such that any
deviations in uniformity may be corrected prior to significant adverse affect on the readings. All thermocouples being calibrated
and the reference thermometer must be immersed into this zone to an extent sufficient to ensure that the measuring junction
temperature is not significantly affected by heat conduction along the thermocouple and reference thermometer assemblies. To
avoid contaminating the thermoelements and insulation of unsheathed thermocouples, direct contact with calibration bath fluids
should be avoided.

67.2.1 Liquid Baths—In the range-frem—3160 from —150 to 630 °C (=2540 to 1170 °F) the comparator bath shall usually consist
of a well-stirred—insulated stirred liquid bath provided with controls for maintairing-the-temperature-constant. a constant and
uniform temperature. Suitable types are described in the appendix to Test Method-E-+Ftaberatory-type-tubefurnacesimay be usec
abeve-ambient At the liquid nitrogen boiling point, =196 °C (=321 °F), an isothermal block of copper suspended in an open dewar
of liquid nitrogen can provide a very effective single-point liquid bath. In the range between —196 °C (-321 °F) and —150 °C (-240
°F), the bath construction is relatively complex, and commercial systems that rely on liquid nitrogen for cooling are recommended.
A properly-constructed liquid bath will have temperature but gradients that-arenet+ecommended for small relative to either
fluidized powder baths or tube furnaces. A disadvantage of liquid baths-isthe-mostaceurate-weork in this relatively small operating
range of any one bath fluid. The temperature gradients in a liquid bath will be repeatable provided that the bath liquid does not
thermally decompose at high temperatures and that the conditions of bath heating and cooling are comparable to those that existec
when the bath gradients were chracterized. Periodic evaluation of bath gradients is necessary when using oil baths, since oil
visosity can increase significantly after use at high temperatures. Baths with multiple heaters require a monitoring system that
enables the user to readily determine that all heaters are operational.

67.2.2 Fluidized Powder Baths-In the range from -70 to 980 °C (-100 to 1800 °F) the comparator bath may consist of an
gairs-fluidized bath of aluminum oxide or similar poweer. S Temperature equalizing blocks are almost always necessary within
fluidized baths to minimize spatial and temporal temperature variations. The repeatability of thermal gradients within such a block
depends on maintaining a constant fill level of powder in the-bath-sheuld-be-meniteredte-ensure-eonsistency and maintaining a
uniform _gas flow through the powder. The thermal gradientys of a fluidized powder bath shall be verified by including either a
second reference thermpometer or a check-standard thermocouple in each comparison test.

67.2.3 Tube Furnaces-At temperatures above approximately 620 °C (1150 °F) an electrically heated tube furnace with a
suitable nominally isothermal zone will usuaty-eenstitute be used. Laboratory type tube furnaces may be used at any temperature
provided that the-eemparator-bath. increased uncertainty due to their spatial temperature variance is accounted for. Any one of a
wide variety of designs may be suitable, butthe-furnace-ehosen-sheuld-have-the-following-capabilities:

6-2-3-1-Means-shedld it shall be-provided-te-control demonstrated that the furnace chosen can maintain-a constant temperature
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for-shoertHengths stability eftime-{(approximatelyl °C over a period of 10 min) at any temperature in the range over which the
furnace is to be-used.

6-2-3-2—Fhereshodld used. The axial temperature profile of a tube furnace shall be mapped to determine the location of th
region with the best temperature uniformity. Furnaces with multiple heaters eeggirmonitoring system that enables the user
to visually determine that all heaters are operational and will require periodic remeasurement-of uniform the axial temperature int
whieh profile. Single-zone furnaces may vary in temperature profile slowly as the t heater element ages and will-require ocnly
infrequent remapping of the temperature profile.

7.2.4 Other Baths—The one essential design feature of any bath to be used with this method is that it brings the measuring
junction of the thermocouple being calibrated to the same temperature as the reference thermometer. Copper blocks immersed
liquid nitrogen have been used successfully at low temperatures. The blocks are provided with wells for the test thermocouple
and the reference thermometer. Similarly, uniformly heated blocks have been used at high temperatures. Such baths are r
excluded under this method, but careful explorations of existing temperature gradients must be made before confidence may |
placed in such an apparatus.

7.2.5 Isothermal Blocks-The use of an isothermal block can substantially red,uce the temperature differences between the
reference thermometer and thedength test thermocouples. Such a block should be manufactured from a material of high therm
conductivity that will not contaminate the f thermocouples under test. High thermal conductivity reduces the spatial temperature
variations in the block, resulting in better thermal equilibrium between the reference thermometer and the test thermocouples. A
isothermal block may also be—adeguate used—to—permit—a—depth reduce temporal fluctuations of i the thermometers. Th
fluctuationsuf will decrease as either the heat capacity of the block is increased or the heat transfer to the surrounding furnace «
bath is decreased. A consequence of this decrease in fluctuations is an increase in the time for the isothermal block to reach
steady-state temperature, so care must be exercised thatthe-measuringjunction-temperature block is neither too large nor too w
insulated. The temperature differences between the test thermocouples and the reference thermometer should be evaluated ovel
full temperature range of the apparatus by performing calibrations of check-standard thermocouples at a variety of immersions i
the block and with the various thermometers inserted into different bores of the block. Similar temperature—gradients along
differences should also be measured as a function of time, following an adjustment of the furnace or bath temperature, to determir
the length of time needed to reach thermal steady-state following a temperature change. Welding the measuring junctions of tt
test thermocouples and of a thermocouple w used as a reference thermometer is a special case of an isothermal block formed
the common measuring junction.

Note 1—Further discussions of suitable tube furnaces are givenin X1.1 Appendix Xt-and X1.2.

he referenc
pder this te
aced in suc

6-3- Appendix X2.
7.3 Reference Junction Temperature8 controlled temperature-bath-must medium shall be provided in which the temperature

of the thermocouple reference junctions is maintained constant during a measurement cyete-at a chosen known or measured val

A commonly used reference temperature is 0 °C (32 °F), usually realized through use of the ice point, but other temperatures ma
be used if desired—Fhe An acceptable method for utilizing the ice point as a reference junction is given in Practice E 563. Report:
of data taken with reference temperatures other than the ice point sheuld-be-eentrolled corrected to reflect the results that wou
have been obtained if the reference junction had been at the ice point. As an alternative, calibration data taker—with a bette
aceuraey reference junction temperature other than the ice point may be reported without correction, but in such cases tr
calibration report must clearly state the actual reference junction temperature. The reference junction temperature shall be know
or measured with uncertainty less than that expected from the thermocouple calibration, to minimize this temperature variation a
a source of-error-An-aceceptable-methoed-forutilizing error.

7.3.1 Isothermal and Electronic Reference Junction Compensatieor the-ice-peint-as-a—+referencejunction-temperature is
given-in-Practice-£-563.

6—3—1—Fer—the rap|d cal|brat|on of Iarge numbers of thermocouples, the reference junctions can be made at an isotherme

i D e-point batl

Strip. Thls—sys{em avords the thermal Ioadlng of the |ce-bath by a resulting from the Iarge number of thermeeeuple wires and coppe
connecting-wires.

6-32-Minimum-errer-can wires. The temperature and isothermal condition of the strip shall-be-achieved only established anc
monitored by-running the use of a separate, reference temperature sensor. The spatial temperature variation across the terminati
on the isothermal unit shall be mapped and accounted for. If desired, the thermocouple emf values obtained with use of a
isothermal terminal-s,trip may be compensated such that the compensated emf is equivalent to the thermocouple emf created
a thermocouple with reference junctions at 0 °C (32 °F). An electronic reference junction compensator accomplishes this task b
accurately monitoring the temperature of the reference junctions and adding to the thermocouple emf an additional emf such th:
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the sum is equivalent to the thermocouple emf produced with reference junctions at 0 °C. The addition of emf to the thermocouple
emf may be accomplished through software methods, as well as through addition of an actual emf. To minimize the uncertainty
of an electronic reference junction emf as a source of error, the temperature equivalent of the emf produced by the electronic
reference junction shall be known and measured with uncertainty less than that expected from the thermocouple calibration.
Whatever reference junction technique is used, its uncertainty must be accounted for in the uncertainty of the thermocouple
calibration being performed.

7.3.2 Extension of Thermoelements to Reference Temperaittigenever possible, the thermoelements under test shall be
continuous, extending from the measuring point through the temperature gradient, to the reference junction without any
intermediate connections. In cases where this is not possible, several options exist:

7.3.2.1 Matched ThermoelemenrtsAdditional lengths of thermoelement materials from the same wire lots as those being
calibrated may be used to extend the device under test to the reference j bath. In such circumstances, no additional corrections are
required-A

7.3.2.2 Thermoelements of the Same Type with Known Thermoelectric Response, but from a Differdritdrotoelements
being calibrated may be extended using thermoelement materials of the same type as the thermocouple under test. Such material
may be of thermocouple or extension grade, but shall have a known emf versus temperature relationship over the temperature
interval to which they will be subjected, and corrections for the deviations of the extension material relative to the material under
test over that interval shall be made. In general, it will be necessary to calibrate the test wire-in-the-¢ircuit due temperature range
spanned by the extension wire and to measure-the-mismatch temperature-of-nominaty-simitarateys—Fhe-magnitude the junctions
between the different materials in order to make this correction. No correction is necessary if both ends of the extension material
aree at temper datures within 1 °C (1.8 °F). It is also acceptable to not apply a correction if the uncertainty budget for the
calibration includes an appropriate allowance for temperature variations of the junction between the thermocouple and the
extension material, and the calibration report specifies the range of transition junction temperatures for which the calibration is
valid. This allowance may be experimentally determined by maintaining the measuring junction of the thermocouple at a fixed
temperature, such as 0 °C, and varying the temperature of the transition junction over a specified range.

7.3.2.3 Thermocouple Connectorsin all cases where there are junctions between the thermocouple under test and
thermocouple lead wires, the temperature variations across the junctions shall be minimized. Thermocouple connectors as
described in Specifications E 1684 and E 1129 will introducep no more thand 1.1 °C (2 °F) error for a 40 °C (70 °F) temperature
difference across the connector. This error will be proportionately reduced for smaller temperature g differences.

7.3.2.4 Circumstances with Small Temperature Differereés special cases where the temperature differences from end-to-end
along the length of the wires used to extend a thermocouple for calibration purposes are very small (288’ @athermocouple

or extension grade wires of matching thermocouple type may be used in calibration circuits without correction.
67.4 Emf-Measuring InstrumentsThe choice of a specific instrument to use for measuring the thermocouple emf will depend

on the accuracy required of the calibration being performed. Generally;the-instrument-can-be-ehoesenfrom-one-ofthree groups of
eemmereraHy—avarhble—l&ber&tery—th—preer&en—types—wrth thermocouple—emf—raeges—sw%&bb—feeuee—w%heﬂﬂemeters The

at requrre erI be measured using a

6—4+Gfeup—A—Pe%enﬂeme{efshaH-be—used-where—the hrghes{—aeeuraey—rs—reqﬁrred—Pe%eﬁﬂemetersbvel-e#—fh s groug accuracy,

voltmeters shall have a maximum uncertainty gn features

witHbe-eonsistentwith greater than f@imes the—attarﬁmem—ef—the—hrghesi—aeeuraey—&reh—ms%ruments emf readlng and shall have
input impedances Iarqer than the thermocouple loop resistance by atdeast a limit facter-ef-error-ef-0-2-p\-at-1060\-and 5 pVv

) : v arate 0 Reference junction compensation is required for
thermocouple measurement wrth voItmeteHes—Sﬂch p_In order to avoid forming unintended reference junctions at voltmeter
terminals whose temperature may-coentain-a-shde-wire,-but-all-designfeatures shall-be-directed-toward-high-aceuracy—Instruments
poorly controlled, thermocouples must not be connected directly to the input terminrals-ef-this-elass-shat-have limits voltmeters
without the use of-errerof-1-p\V-at-1000-p\V-and-12H4\-at-56-000 uV.

6—4—3—Gfeup—emstr&memﬂﬁe+brde r_)r_)ror_)rrate electromc—d+grtal—ve#me{ers reference |unct|on compensatreﬁ—aﬁd—aﬂalog -to-
digital-converters connecti connectlon ofpe Sias of error
simitar the voltmeter te A€ A i i i ples. Such
fasi—readmgs—demand—less—temper&ture—et&bﬂrty of-the bath comgensator wrth untrmnned co;:_)per wires.

67.5 Connecting Wire AssemblyConnecting wires from the reference junction to-the-potentiometer-are of voltmeter shall be
insulated copper ard—sheuld shall be configured as twisted pairs for wire lengths greater than 0.3 m (1 ft.), to reduce
electromagnetic noise pickup. If the environment contains substantial electromagnetic noise, it may also be useful to run the wires
in a grounded-cenduit electrical shield or braided-eable-if-they-are-subjectto-eleetrieal-pickup.

6-5-1-Seleetor-switches cable. Copper connections should be clean and free from oxides.

7.5.1 Scanner systems may be used to switch between the reference thermometer and the different thermocouples being
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calibrated-and-the-standard-thermoeouple. calibrated. Such switehes should shall be of rugged construction and designed so t
both connecting wires are switched when switching from one thermocouple to the next, leaving thermocouples retindse entirel
diseonnected-from electrically isolated. All of the-petentiometer. The scanner switehes should shall be construeted-with coppe
contacts—eonnections, of the same materiakand-terminals-and must shalt-belocated-in-the-copper portienfree-of-the circuit t
preserve-the-al-copper-—eircuitfrom-thereferencejunction-to-the-potentiometer. extraneous emf production (see Appendix X3)
Precautions should be taken to protect the switches from temperature fluctuations-eue-te-air currents convection, conduction,
radiation-from-hot-sourees.

6-5-2TFerminal-blecks—may radiation. Scanning performance shall be evaluated to ensure adequate settling time befor
measurement.

7.5.2 ltis preferable to use wire-to-wire connections-in-the-eonnecting-ciredit-eonvenient, calibration circuits;but should if
terminal blocks are used for convenience, they shal-be-provided-with-copperbinding-posts-and-should be protected against tt
development of temperature gradients in across the blocks.

67.6 Thermocouple Insulation and Protection Tubebwe-hole—eeramic—In the case where bare wire thermocouples are
tested, two-hole insulation tubing may be used to support and electrically insulate the immersed portion of the-twe-bare-conductor
efathermocouple—Only-suitable-ceramic should-be-used€chosen of a thermoelements. Use only insulatiormaterial which that wi
not contaminate the thermocouple (for example, clean, high-purity insulators such as 99.8 % aluminum o*rde)—and which that will
provide the necessary electrical insulation at the highest temperature of the calibration. To prevent contamination of thermocouple
by residues left by previously tested thermocouples, each insulator shall only be used with thermocouples of one type and th
positive and negative thermoelements shall always be inserted in the same bore. The only exceptions allowed are: type R and ty
S thermocouples may be calibrated in the same insulators, and the thermoelements of type B thermocouples may be mounted
either bore. To avoid unnecessary mass and to minimize axial heat conduction in the region of the measuring junction, the tubin
should be relatively thin-waled-ane-sheuld-have-bore walled. Bore diameters that should provide a loose fit for the thermocouple
wires-witheut-bineding. wires. During the test, the thermocouples may be inserted in a protectien-tube-whieh-should be that is
resistant to thermal shock, and noncontaminating to the thermoeeuple-materials,—ane-gastight.

6-6-1-Sheathed materials.

7.6.1 Sheathed thermocouples may be tested without further protection or support in liquid or dry fluidized baths, provided tha
the bath medium is compatible with the sheath material. Thermocouples insulated with fibrous insulation must not be immerse
dlrectly into any bath Irqwd Care must be taken to keep thermal conductlon Iosses within the limits of experimentat-error. The

imum-error{see 6.3.2).

7— typically by immersing the thermocouple into the bath until no further indication in temperature change is noted.

8. Reference Thermometers
78.1 The reference thermometer to be used for the comparison calibration of thermocouples will depend upon the temperatul

range coveredi-whetheralaboratery-furnace-or-stirred-iquid-bath-is used,the-aceuracy desired type of calibration apparatus, i
ealibration, accuracy desired, or in cases where more than one type of thermometer will sufice;-the-eerrvenience or preference
the calibrating laboratory. All reference thermometers shall be calibrated to indicate values of temperature corresponding to th
International Temperature Scale of 1990. The condition of the reference thermometer shall be verified both before and after
calibration or a documented number of calibrations by checking its indication at a thermometric fixed point or by using a
comparison measurement of total uncertainty less than the allowed uncertainty of the reference thermometer. Specific methods
verification for each type of reference thermometer are described in 8.10.

#8.2 Platinum Resistance ThermometerdPlatinum Resistance thermometers are an excellent choice as a reference in cases
where the highest accuracy is required. Standard platinum resistance thermometer is (SPRTs) are the most accurate referel
thermometers for use-in-stirreeHiguid-baths at temperatures from approximatelty — 18696-+6-636°C (—300 962 °C (-310 to 11764
°F), with calibration uncertarntres as low as 0. 001 °C (O 002 °F). SPRTs must meet a set of criteria specrfred by the FFS-90. In case
: i (400°F;
addltlon there are—few—&ltema&ves—te—the use a varlety of platlnum resrstance thermometers that do not meet the criteria for SPR
that have sufficient accuracy for use as a reference thermometer with this method. Standard platinum resistance thermometers :
described in X2.1, other platinum resistance thermometers are described in X2.2, and measurement instruments are describec
X2.23.

#8.3 Thermistors—For temperatures in the approximate range —40 °C (=40 °F) to 150 °C (300 °F), a thermistor may serve as
a reference thermometer with uncertainty of 0.001 to 0.01 °C. Section X2.5 provides additional information.

8.4 Liquid-in-Glass Thermometersthis—type—of-thermometer—Liquid-in-glass thermometers may be-used—frem—180°C
{36062, from -80 °C (=110 °F), or lower, to 400 °C (750 °F), or even higher with special types. Generally, the accuracy of these
thermometers is less below —60 °C, where organic thermometric fluids are used, and above 400 °C where dimensional chang
in the bulb glass may be relatively rapid, requiring frequent calibratien—Fhe-uncertainties Further discussien-ef-different types of
liquid-in-glass thermometers-are is given in X2.34. Specifications for ASTM thermometers are given in Specification E 1.

+4-

8.5 Types R and S Thermocouples (Platinum-Rhodium/ versus Platrlih® platinum-10 % rhodium/ versus platinum (Type
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S), or the platinum-13 % rhodium/ versus platinum thermocouple (Type-R)yef24-gage{6-51-mm) 0.5-mm (24-gage) diameter wire
is recommended as the reference thermometer for temperatures from 9630 °C (11760 °F) to 1200 °C (2190 °F). Their use may
also be extended down to room temperature—Aeeuracres Uncertalntles attainable with careful use are glven in Tables3-and . Group

» . - - . istvpe-o are given in
5 i i ftable i is type of

eter in
g ability of the
6 Ay d-the-inrhomogeneity
i by i aller wire
are given in
be-mad } 64 4st be used.
o i i evi alibrated

o D
P q
B g
N D

’ A ibrati ompli hermocouples.
5 e y frtehety within-the he middle of
s [ i ph i i i ic properties

ing cali ibration points,
mon r and choic
ired. Table

part-reularly—adapteel—te—ﬂae—ealrbratlonType B Thermocouples (Platrnum Rhodlum versus Rhodlum PIatmum)—The platlnum 30 %

rhodium versus platinum-6 % rhodium (Type B) thermocouple—ef—the+heﬂﬂoeeuples—aeaﬁyﬂ%ﬂﬁbeeef—seleeted—pemts when the
same—furﬁaee 0.5-mm (24-gage) or larger d|ameterw e ing change

; s neSS . i i of a standarc
o

provided uncertainties of temperature

and, therefon

measurements Wlth—a—reﬂeetrﬁg—gal\faﬁemeteﬁhe— pots thi is type—ef—Hgm—are—reﬂeeted—#emﬁe—twe—gahfaﬂemeters—ento a single

ocouple are—gwen in turn Tables 1 and 2.
y i i e W are being
eal+b|=ateel—us+ﬂg—aType T Thermocouples (Coppe VEersus Constantan)—The type T thermeeeuple—thermometer may serve as &

useful reference—rs—shewn thermomete&m—Flg—Z—'Fhls—methed—reqtnres that—the—bath—eef-trrﬁaee—rneludmg—the—thermecouple be
is-eonnected range-6f—195te-the-potentiomete
370 °C ( 320 to 700 °F) in someq mstances aIthouqh |ts accuracy is, i qenceral limited-by means the stability-efthe selector
switeh-as-shewn—The-reference-thermocouple-should-beread-just before wire at temperatures above approximately 200 °C (390
°F), and—ust-after by the—+reading accuracy of the emf—ef—eaeh—thermeeeuple—A#ter—measunnq measurements—aﬁd the emf
inhomogeneity of-each-thermocoupte-once : 0 rature to gi\
eheelereadmgs—of—eml—\:‘%en—a—large—veltmee—ef—work wire below 200 °C One half mlllrmeter dlameter (24 qauge)—wrre—rs—mvolved
emperatures, a series

ef—fumaees—e%baths—may—be—used—eaeh—bemg—mam%amed at useful compromlse betweea—the—elt#efent—temperatures—eerrespondmn

e- conditions

te—be—reaehed—befere—reaémgs—are—t&keﬂ—vaﬁatlons Iesser stabrhty—et—thrs—methed—weuld mclude smaller wwe—and the use greater

heat conduction tiquid bath. large
wire.
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TABLE 1 Calibration Uncertainties in Calibrating Thermocouples
by the Comparison Method—Temperatures in Degrees Celsius A

(see Refs. 2 and 3)

Thermeeeperature [°C

Exptanded Uncertainty

F(k=2) [°'C]
B .
Base-retal-thermeceupe” me & alibration-PeintsS Yncertaintyb
Base metal thermocouples” IFempefatufe & a tube furn-PeiatsS Yna
_(inge -2 lube fum-Pomts™
At of
Obse rved molg_ted
Po ints
At
= . Ofntebrated Type S
comparison with a E
calints
_E 0 to870F every 108 2
_ 200 _00 2
——05 —%
400 0.4
— e 70s .6
_600 _ 0————te-870° 6
-306,—606;ard870  —B5 2
800 05 27
-0 t0350° every-160 0.t 65
1000 _ 0———+0356¢ every-100 0.t 659
-160-t0 0¢ every 50 010
1200 1.0
65 — Bto 7607 1063065602 nd 750 0.!
6-te-350¢ eve ry 100 0.:
_J OBase metal thermocouples”+66,-366--566-=a_(in stirred liquid baths, by-196 (t
Be b as comparison with an SPRT)
—K ——H6—e125
_ 0.1
—oF
o0 0.02
every-160 ——05 —3
_200 0.2
Be—2o0s —300,—6006,-906;ard1200 —5 2
400 0.5 24
o-te-350¢ every 100 0.1 0.!
500 [ 0.
every—>56 ——63 85
—1660t0-6G
Type R and S thermocouples 200 0.
-160 to O
comparison with a
calibrated Type S
thermocouple)
—R—anrd—S —8———siEns .2
400 01044505 2
every—3100 —03
600 0.3
—b6:5—t0—1160and2ati450
_800 0.3
— e g1ERs 3
1000 _ 0————te1450° 3
666-ane-1260 —63 —31——te1160and—3ati450
1100 06—and—3—ati450
2
———nl e 8
— Type B thermocouples 200 06 .8
B ——03 ——0-5—te—1100and3ati 760
comparison with calibrated 400 0.6
Type S or Type B ——H5
_600 thermocouples) 0.5
—600—ant—31260 —63 +e-1106-and-5-at-1760
800 0.3 1+te-1100-and-5at-17004
—F —————016370° -
—— 016100
—160——t—0¢
1100 0.376¢
efeg eeG
!69 to gG
56-ane-100 6162
every-60
1450 16

AValues given In this table are extraﬁt@d from National Bureau of Standards

Cireular596-
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TABLE 2 Calibration Uncertainties in Calibrating Thermocouples
by the Comparison Method—Temperatures in Degrees
Fahrenheit “ (see Refs. 2 and 3)

Thermeeeperature [°F Exptanded Uncertainty
Fy(k=2) [°F]
B .
Base-metal-thermeeceupel W & alibration-PeintsS Yncertaintyb
Base metal thermocouples” IFempefatufe € a tube furn-PeintsS Ynac
_(inge -2 ube Jurm-Powts™
At of
Obse rved g)olg_ted
Po_inis vaes
At
— . Ofntebrated Type S
__comparison with a VatuesE
calints
_E 32 t01600F every 208 4
_ 400 0o 4
—3 —2
800 0.8
_— — SO etE00s 1
1200 16005 1
——600,—1100,and1600 —3— 4
1600 1— 45
2000 1.9
SO GEO e D00 62 1
Base metal thermocouples“every-260 6:2 E
-256 to + 32¢ every
-256t0+32 _ 08 0.2
comparison_with an SPRT)
— —32——te1406F 366-600,-1660,-ane-1460 1 2
_ __0ef 300,-600,-1000and-1400 31— 2
—32—te-6506 every-260 8.2 3
32 __0e every-260 8.2 104
—K 32 to 23007 every 200 — —2
—K 400 3— —20.4
800 3— —40.7
3246-650¢ —every—200 —02 9
1000 0.2 9
* 256 to + 32G every 100 03
Type Rand S _400 0.2
—256 to + 32
furnace, by comparison
with a calibrated Type S
thermocouple)
—R——anrd——S —penmoos 4
800 00F 4
—65
1200 0.5
——31——+to—2000and4at2700
1600 0.5
—openwans 4
2000 _0ef 4
1106-and-2200 —65 ——2——t0—2000and—b5at2700
Type B thermocouples 400 1.3
(in a tube furnace, by —B ~ 0 t03100"
comparison with calibrated 800 1.06F
Type S or Type B every200 ——65 1+te-2000-ane
1200 thermocouples) 0.5 +to-2006-and-5-at-31008
—6F
1600 0.7
—1166ane2200 ——65 2-t6-2000-and-9-at-3100
2000 15 2-t0-2000-ane-9-at-31
—F 32 to 700¢ every200 0.20.% 04
32 to 200¢ 110and200 —82 o2
-256 to + 32¢ every 100 0.4
—F 2500 2.3 04
—02 82
049

AThis table is based upon the values In Table 1, but Fahrenheit temperatures

, by comparison with a standard platinum resistance

€ n stirred liquid baths
thermometer.
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FIG. 1 Automated Thermocouple Data Acquisition System Layout—With Thermocouple Reference
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FIG. 2 Thermocouple Assembly in Protection Tube (Multilayered Cutaway View)

8.8 Procedure €

941 WhentheGold versus Platinum Thermocouples—The gold versus platinum thermeeeuple-beirg—calibrated is useful as
reference thermometer over the range 0 to 1000 °C (32 to 1830 °F). With proper construction and annealing, a gold versus platinu
thermocouple will have uncertainties of approximately 0.01 to 0.02 °C (0.02 to 0.04 °F). To attain this performance, care in the
same-type-as emf measurements and protection efthereferenceas;ferexample, thermoelements from contamination is necess

8.9 Single-use Base-metal Thermocouptdor tests to elevated temperature;a—TFype S base metal thermoeeuple being taken
from a calibrated-against lot of wire of verified homogeneity may be used-asa-Type S reference thermometer. Lot homogeneit
may be determined by calibrating thermocouple,s fabricated frem-a-convenientvariation statistical sample-ofthe-two-potentiomete
memed&mawb&empieyedANﬁh%his%eehﬂmue wire Iot and determlnlng the standard deviation of emf values-efthe referenc
but in set of thermocouples at each callbratlon temperatul
fference betwee
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the base-metal reference thermocouple Would be used only at mcreasmq test temperatures qule use base metal thermocouple
are not amenable to recalibration, i vantages may an additional

uncertainty must berealizedthrough-the use |ncluded to account for dH#t—ef—thts—teehmque—thst since-the-emf-differences are a
smal-fraction-of reference during the-emf,—they-can-be-measured test. In particular, type E and type K thermocouples that have
not been specially heat-treated are known-te-a-higher-degree exhibit shifis-ef-abselute-aceuracy-{microvoltsy—Secondly, if up to
the-emf-differenees—vary equivalent of 4 °C (7 °F) in thermoelectric response after relatively-sltowly-with-change short exposures
to temperatures in-temperature, the-actuaH-temperature-at-the-time-efa-measurement need not range 250 °C (480 °F) to 550 °C
(1020 °F).

Note 2—In general, any thermometer may-be-known-aceuratety, and employed-as-ahigher rate reference thermometer provided that it has a known
amount of-ehange measurement uncertainty.

8.10 Verification of—turnaee—temperature—ean be Reference Thermometer Perfomthcen pIat|num reS|stance thermom-
eters or thermistors are use p umstances as referenc
thermometers, the-methed-may reference thermometer shall—be—reaeltly—automated

94 2-When-comparison-measturements-are-being- made verified-by-direct-subtraction-in-this-manner-there-can-be-no electrical
erreuﬁ—be&yeen—the—vaneus—thenmeeeuples—except checklnq |ts |nd|cat|on at a thermometrlc fixed pomt The-ree—pernt where or the
differenee-voltage triple point of water ement presents

no-preblem,providedthat commonly used. L|qU|d in- qlass thermometers shaII be measured—at—the—thermeeeuples—elo not touch ice
point after each-ethertntubefurnaces it thermal cycle to temperatures exceeding 100 °C (212 °F). Measurements may be correctec

for a change in ice-point reading ffollowing the procedures in Test Method E 77. Thermocouples, other than Au/Pt thermocouples,
are not amenable te-keep recalibration in an apparatus different thanthe-varieusjunctions at one used for the actual test. Therefore
thermocouple reference thermometers shall be verified by a comparison test against a second reference thermometer of equal o

lesser uncertainty in the same-temperature-without-electrie-contact—n-this-situation apparatus as used-ferthe-eleetrical isolation
ean test. Au/Pt thermocouples shall—be—aeh+eved venfleel—at—t-he—refefence end a thermometnc flxed -peint-er-by-use-ef-an isolating

eheppee(wbratmg—suﬂekﬁ—and—a—eapae&eHﬁhrehas—mst—eharqed comparlson measurement For thermocouples of all types,
verification points at temperatures close to-the-potential temperature of the referenee-thermecouple-and-thenis-moved into series

oepposition-with-the-emf-ef-the junctions are not a sensitive-test-thermocouple-so-that-the-difference-potentiometer-indicates the
differenee of possible changesinemfbetweenthe-twoe—Thetotalemf of thermocouple. Verification points should be chosen to have

a temperature as far from the referenee-thermeeouple junction temperature as practical

9. Sampling

9.1 Sampling is—centinuousty—monitered- by normally specified in—the—other—peotentiometer—Fo- obtain ASTM material
specification that calls for the—h+ghest—sen51trv|ty, cal|brat|on As a qmdelme for comphance testmq, a minimum-ef-twe- chopper
and-condenserunits samples-s f oW meters may be often calibrate
to ensure that a lot e#ﬁeﬁmnually—bala%ed%ybwm—eﬁﬁ—se#—bal%emg—petenﬂem&ef&are used, assembled thermocouples
conforms to standardized emf- temperature relations within specmed toIerances—l—n—the—FesuIts may case of wire, the samples shoulc
preferably be or manual
operation, widely separated Wlthln the—number Iot for example opposrte eﬁds—ef—ﬂaenmeeeuples—that may a con Users should be

calibratedtegether aware that in some instances compliance testing-wit-depend-prineipally on cause changes to eeeur in the size
thermoelectric properties of the-furrace-used. samples of thermocouple wire tested.

10. General Procepdures
10 1 The callbratlon procedure conssts—ef—'Fhermeeeuples—fer Test

: Dars a-suitah sufficient
mmeraen—mad—te—e*tenel—eut—#om measuring gtating tube,
semewhattengerthan emf of t-he—pfeteet-reﬁ—t-ube—shall be thermocouple belnq calrbrated atseleeteel—feeeaeh—t—hemeeeuple Except
when-using-Procedure-€+{9.4), calibration points;-the-wires temperature of-each-thermoceuple-are-threaded through point being
measured with the—heles—m—rts—respeet—rve—tube selected reference thermometer. The number and choice of test points will depenc
upon the-greup type y i of all of thermocouple, the
thermocouples-may temperature range te—be—weleleel—tegether |nto covered and the accuracy requwed Table 1 or Table 2 will serve
as a-commen-bead guide-te-provide-good-thermal-contactbetween-the-junetions of selection. Beth-the-different-therflocouples.
H-itis-net-convenient-te-weld nominally isothermal temperature calibration environment and-thejunctions-togetherthe junction
ef-each—thermeeouple thermocouples must-be—welded-—separately and stabilized—at-the—junctions—broeughtinte—geod contact

calibration temperature before readings are taken. For any particular apparatus, the necessary stability may be determined by

wrapping-them-with-platinam-wire-orfoil—Slip performing comparison measurements at a variety of drift rates-ef-the-insulating

12
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tubes-dewn-on reference thermometer temperature. A plot of the test thermeeeuple wires reading, normalized as described

12.1.1, versus drift rate will indicate what magnitude of temperature drift can be tolerated without unacceptable variation in the
calibration results. A minimum of three consecutive readings that yield the same emf value within measurement uncertainty is
required. Instead of employing a single nominally isothermal temperature calibration environment whose temperature is change
to each calibration temperature, a series of nominally isothermal environments (for example, isothermal metal blocks, stirred fluic
baths, or tube furnaces), each maintained at a calibration temperature, may be used provided-the-meastring junctions rates
immersion and extraction are not so large-as—pessible-without-stressing to damage eitherthe-wires. Insert thermocouples beil
calibrated or the-bundle reference thermometer. After insertien-ef-thermeeouples—to the b thermocouple into each temperatur
calibration environment, time shall be allowed for steady state conditions to be reached before readings are taken. The depth |
immersion ideally shall be the-protectiontube-thenplace same througheutthe tube at test. Otherwisethe proper depth shall n
be less than any previous immersion. Technigues similar to that described in Appendix X4, but covering-erty-the-furnace or bath

Sueh-an-assembly-is-shoewn-schematically range of immersion depth encountereeHn-Fig—4—tn-thisprocesstake-carenot to stre
or-cold-work the-wires—Speciat-ecare-must-also calibration process, can be useful in determinirg if chaknges in immersion during

handling the course of a calibration significantly affectthe-thermoecouple-wires-te-aveid-contaminating them. results. One of the
foIIowrnq two qeneral methods may be used in the calrbratron procedure
10.2 P aclapted

teMethod A Automated Method—qu 2 |IIustratesthe—eaI+brat|on schema&c—ef—b&rewrre—pfa&ntun—%@%rheﬁtﬂpfatmum (Type
S)-orplatinum-13-%-rhedivm/platinum—-{(Type-R)-thermoeceouples in a typical data acquisition system—assuming a thermocouple
is used as the—temperature—range—frem—e—te—}-%—eez—te—z—?ee—l%—and to reference thermometer This method permits tr
calibration rapid testing HAtH 6 HHA } 5-0% ouples in any number of

thermocouples. The reference thermometer may be of any type meetmg—ﬂee—rarnge—trem—e—te—l—?ee—&e:z—te%%ee—F) Susper

uncertainty requirements for the egether so calibration,
provided that the-tensionin data acqursrtlon system can accommodate—the—wrres—and—stretehmg—wmle—he are kept correspondi
type of signal. The thermocouplesto-a-inimum-—Shield be tested and the reference thermeeouple-from-drafts—Electrically anne:
are terminated at the reference junction temperature unit. This unit must meet the requirements of 7.3. A scanning unit sequential
connects each thermocoupte-in-air for to the input-ef-a-period voltmeter. The voltmeter must meet the requirements-ef 45 min a

&ppfe*rmatefy—l%e—GGE%G—H—'Fhen—eeth—sleMy—(ever 7. 4 In the time interval between—a penod readmg—ef—appreaﬂmately 1
min)-te—7502€{1380°F) the reference thermometer-a y is anneal
atew of a test thermocouple, the—themaeeeup’re—te—eeel—te—room temperature—wrthm—a—few—mmutes—Altemaﬂng—etwent from a
variable-transfermeris-a-convenient-source-ef-controlled-powerfor-heatingthe-thermocouple-wiresabeut 1 2-A-being+required fo
24-gage—{0-51-mm)-wire—Fhe calibration zone will vary. Measurements shall be made rapidly enough so that this variation in
temperature is-mestreadiy-determined-by-sighting on small in comparison-te-the-ptatinum leg uncertainty-ef-the-thermocouple
with-an-optical-pyrometer-A-pyrometer+eading temperature measurement. The emf-measuring system is comprised of 1300°

{2386°F)-will-correspend a voltmeter, a display, and a data storage system. It may be desirable to previde-a-wire-temperature
about-1450°C—This-correction-isneeessary calibrated emf source and a zero (or shorted}-rputte-account for the data acquisitic

Sys temr as references to |mprowe the accuracy of—thewrre

ether with measurement. Fc

a set ofn test thermocouples the recommended order of readlngs is: referenee—thenﬂeeeuple—m—a—pfeteeﬂen—tube—as—descr|bed

9-4Fhe thermometer, test thermocouple 1, test thermocouple 2, ... test thermataefdeence thermometer, test thermocouple

shall-be-eitheraType B Ror1g ... tes tthermocouple—that—has—been—e&lﬂarated—at—feeed—pmnts or 1, reference thermometer. If
the variations in temperature |nd|cated—by—eem1e&r|son the reference thermometer are greater than desired—with anothe

thermocouple-so-calibrated—Spectal-care-must the above method, an alternative order of reading-may-be-exereised-euring handli

made provrded that the reference thermometer is read at least once for every readirg-efthe annealed test thermoceuple wires

0 i i i i e-to and that the
eaf+brat|en order of—the—b&re—twﬂease—metal—thermeeeuples readlnqs is symmetn&m—me—temperature—range—e—te—]r%wc (32

Anealing. both forward

Not his-method-isintended-for tse-with-new wire—Base-metatthermocouptesundergo-changes withtise at high 3—The reference temperatur

1031 TFhread unit, the-thermoceouple—through—its—insulating tube scanner—and-meunt with the emf-measuring system ar
typically combrned into a—referenee—t—hermeeetrple—m—a—pretee&en—tube as srnqle system They are deseﬁbed—rn—le—l#he referenc
ocoup ype B 0 ocoup b d d-po or-by-cemparisen-with anothe
thermocouple separa tely ik hermocoupl
Procedure-C{9-4)-cannot that the|r characterlstlcs may—be—used—FelLPreeedures A understeed—and—B—(Q—z—aHd—Q—?;) protect t

13
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reference-thermocouple-by—a-two-holed-ceramie—insulating tube specified—to—within—a—few-millimetres of meetthe-measuring
junetion—and-seal-this—end of required uncertainty criteria.

NOTE 4—Any program that performs manlpulatlons on

couple measured data shall be checked for accuracy by

nination of of evatuatmgeme refe

part—et—thewe—and—d-raw—eneugh—wrreﬁreagh—theseal output response%ﬂerm—&nemmmetm—&earmne%seal—aﬁeeeaehtseand—remake it if it does
nretappearto known inputs.

10.3 Method B, Manual Methed-This method may be-geed.

10:32-the-wires-aredarge, used when one or mere-efthe-base-metal thermoeeuples may-are-te-be-welded-together and a hole
drileg—n—the—commeoen—junction calibrated with manually operated switches. Each thermocouple is conneetee-to accept the

meastringjunction-of-the voltmeter in sequence. The reference-thermocouple—ttis-probably-betterpractice;-however, to weld
thermometer should be read just before and just afterthe-meastringjunction reading-efthe-reference each thermocouple i under
calibration. After measuring the-eemmen-junction-as-shewn-in-+ig. 4.

1033 When-wires-insulatorsand-protectiontubes emf-of-base-metal-thermocouples-arelargeitisparticularly-important that
tests-be-made{or-have-previously-been-made)te-ensure that each test thermocouple;-the-depth-ef-Hmmersion-is-sufficient in the
ftrmaee—eHurnaees—berng—used—Sheat—hed—Heeﬁﬂeeeuptes can entrre sequence sheu+d—be—eahbrated—rn—a—tube—furnaee—wrth no furthe
protection-provided-that repeated at-the W
be—taken—rt—d#ferermal—eempansen—teehmques—are—used same temperature

Method—When the thermocouple bernq calibrated |ons—ef—base+netal—themqeeeeples—ertheebareamre—eemeu+ated up to a
S paration-of-the-thermoecouple-will-be-required-other than to

msert—rt—te same typ as the—bettem of reference thermometeea1%otee&en+ube4&eﬂﬂmefs+en—m+he4+qtﬂd-baﬂ+86reahcate glass
: : S : ic tubing.

H—sheu+d drfferentral emf measurement method may—be—elesed at employed In thls metheel—the—rmmersed—end—and—targe enough

te—permrt—easy—rnsertron emf of the reference thermocouple 0 is measured and the dlfferent|al emf between the thermocouples to

being calibrat meter tube will

feqtrrre—a—greateedepth—et—ﬂﬁmefaen in and—the—bath—than—wetﬂd—a—elese—ﬁttrng—tube—ﬁ—a—bare wire reference thermeeeuple is being
calibrated;—provide directly measured by connecting-the w thermocouples in_series;—with—electricansutation -ever—the length

mserted—m+he19reteeﬂen+ube—st+p—a—leese4ﬁﬂng+nsu+atmg—sheath over polantyef—ene—eeboth Iegs—ef—the—t—hermeeebrpte Use any

s - Immerse
sheathed thermocoueres—aerectly reversed Note thaem%bathhqwdﬁeasesaﬁhere%sheath—mateﬁalﬂﬁm—neebeﬁttacked by
g ion tubes and
selere—rermrenete s peter may be order to make a
themeeeuﬁe—rnseﬁed—rn serial connectlon—me—preteeﬁen—tube—mth the thermoeeup+e—berng—eal+brated—or it may junctions must
bea—qud—m—glasHheﬁneﬁreteeeereastaFreethemaemeteemmersed in electncally |solated This technigue can offer improved
stability since the i hermometer difference will
remain relatively constant over small temperature |ntervals For thrs technrque a voltmeter with uncertainty up to 0.5 pV can be

governed principally by the accuracy required (see Section 7). used.

11. Preparation of Thermocouples for Test

11.1 Bare-Wire Thermocouples for Laboratory Furnaces or Fluidized-Bed Bathspreparation for test, a suitable
thermocouple protection tube shall be chosen that is long enough to provide sufficient immersion and to extend out from the
furnace or bath for 50 to 75 mm (2 to 3 in.). A two-hole ceramic insulating tube, somewhat longer than the protection tube, shall
be selected for each thermocouple. The thermoelements of each thermocouple are threaded through the holes in its respective tube
and the group of thermocouple tubes loosely bundled together. The measuring junctions of all of the thermocouples may be welded
together into a common bead to provide good thermal contact between the junctions of the different thermbdbitipsesot
convenient to weld the junctions together the junction of each thermocouple must be welded separately and the junctions brought
into good thermal contact by wrapping them with a thermally-conductive wire or foil of an element such as platinum. Slip the
insulating tubes down on the thermoelements as close to the measuring junctions as possible without stressing the wires. Insert the
bundle of thermocouples to the bottom of the protection tube; then place the tube at the proper depth in the furnace or bath. Such
an assembly is shown schematically in Fig. 2. As an alternative to the closed-end protection tube shown in Fig. 2, an open-ended
protection tube may be used, provided that both ends of the tube are outside of the furnace. In this process, take care not to stres.
or cold work the wires. Special care must also be taken during handling of the thermoelements to avoid contamination (see 7.6).

11.2 Ungrounded Junction Thermocouplefor ungrounded junction thermocouples, the measuring junctions must be
maintained in good thermal contact by keeping the measuring junctions well immersed within the nominally isothermal calibration
zone (see 7.2).

11.3 Procedures for Types S, R, and B Thermocouples (Platinum-Rhodium versus Platinum or Platinum-Rhodium) in
Laboratory Furnaces or Fluidized-bed BathShis procedure is applicable for the calibration of platinum-10 % rhodium vs.

v, / OUyU oSua
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platinum (Type S) or platinum-13 % rhodium vs. platinum (Type R) thermocouples in the temperature range from 0 °C to 1200
°C (32 °C to 2200 °F) and for platinum-30% rhodium vs. platinum-6% rhodium (Type B) thermocouples in the range from 0 °C
to 1700 °C (32 °F to 3100 °F).

11.3.1 Prior to calibration, annealing of the bare thermoelements is recommended. First clean the thermoelements by wipin
with an soft-fiber wipe soaked with ethanol. Suspend the thermocouple freely in air from two binding posts, which should be close
together so that the tension in the wires and stretching while hot are kept to a minimum. Shield the thermocouple from drafts
Electrically anneal the thermocouple in air for a period of 45 min. at approximately 1450 °C (2650 °F). Then cool it slowly (over
a period of approximately 1 min.) to 750 °C (1380 °F) and hold it at that temperature approximately 30 min. Next, allow the
thermocouple to cool to room temperature within a few minutes. Alternating current from an adjustable transformer is a convenien
source of controlled power for heating the thermocouple wires, about 12 A being required for 0.5 mm wire. The temperature is
most readily determined by sighting on the platinum thermoelement with a disappearing filament or two-wavelength radiation
thermometer. A radiation thermometer reading of 1300 °C (2380 °F) will correspond to a wire temperature of about 1450 °C. This
correction is necessary to account for the emissivity of the wire. If the above annealing procedure is not performed, a
subcomponent must be added to the uncertainty budget to account for annealing of the test thermocouple during use. Th
uncertainty may be determined from the differences of the calibration results for thermocouple material annealed as stated abo
and for thermocouple material in the “as-received” state.

11.3.2 After annealing, thread the thermocouple through its insulating tube and mount it, together with a reference thermomete
in a protection tube as described in 7.6. The reference temperature may be established using any calibrated thermometer capa
of indicating values of temperature with known and acceptably small uncertainty; type B, R, or S thermocouples are commonly
used. Special care must be exercised during handling of the annealed thermocouple wires to avoid contaminating or stressing the

11.4 Procedure for Base-Metal Thermocouples in Laboratory Furnaces or Fluidized-Bed-Battis procedure is applicable
to the calibration of the bare wire base-metal thermocouples in the temperature range 0 to 1260 °C (32 to 2300 °F). Base met
thermocouples should be calibrated in the “as-received” condition, with no further annealing.

Note 5—This method is intended for use with new wire. Base-metal thermocouples undergo changes with use at high temperature that often rende
them unfit for recalibration. Therefore, these thermocouples shall not be recalibrated.

11.4.1 Thread the thermocouple through its insulating sleeve and mount with a reference thermometer, in a protection tube ¢
described in 7.6. The reference temperature may be established using any calibrated thermometer capable of indicating values
temperature with known and acceptably small uncertainty; type B, R, or S thermocouples are commonly used. When using
calibrated thermocouple as the reference thermometer, take appropriate precautions to prevent contamination of the referen
thermocouple such as inserting the reference thermocouple into a two-hole ceramic insulating sleeve to within a few millimeters
of the measuring junction, and sealing the end of the ceramic tube to the thermocouple with borosilicate glass or a small amour
of kaolin and sodium silicate cement. This protective measure minimizes contamination of the reference thermocouple, with the
exception of the small 2 or 3-mm length, which is necessarily in contact with the base-metal thermocouple. If the furnace is heate
uniformly in this region, contamination of the exposed thermoelements will cause negligible error. If the thermoelements become
brittle at the junction with use, cut off this part and draw enough thermoelement through the seal to form a new junction. Examine
the seal after each use and remake it if it does not appear to be satisfactory.

11.4.2 If the thermoelements are large, one or more of the base-metal thermocouples may be welded together and a hole drille
in the common junction to accept the measuring junction of the reference thermocouple. It is recommended, however, to weld th
measuring junction of the reference and test thermocouples into a common junction as shown in Fig. 2.

11.4.3 When thermoelements, insulators, and protection tubes of base-metal thermocouples are large, it is particularly importa
that tests be made (or have previously been made) to ensure that the depth of immersion is sufficient in the furnace or furnace
being used. Sheathed thermocouples can be calibrated in a tube furnace with no further protection provided that the furnac
environment is compatible with the sheath.

11.5 Procedure for Thermocouples in Stirred Liquid BathEhis procedure is applicable to the calibration of thermocouples,
either bare wire or sheathed, up to a temperature of approximately 630 °C (1170 °F). Bare-wire thermocouples will require initial
mounting, and possibly annealing, as described in 7.6, 11.3, and 11.4. Usually no additional special preparation of the
thermocouple will be required other than to insert it to the bottom of a protection tube for immersion in the liquid bath. Borosilicate
glass tubing has been found convenient for use up to 540 °C (1000 °F). Above 540 °C, vitreous silica or ceramic tubing has bee
found satisfactory. It should be closed at the immersed end, and large enough to permit easy insertion of the thermocouple «
thermocouples to be calibrated but no larger than necessary. Unfavorable heat transfer conditions in an unnecessarily large diame
tube will require a greater depth of immersion in the bath than would a close-fitting tube. If a bare-wire thermocouple is being
calibrated, provide the thermoelements with electrical insulation over the length inserted in the protection tube. Slip a loose-fitting
insulating sheath over one or both thermoelements of the thermocouple. Use any suitable commercially available material that wi
withstand the highest temperature to which it will be exposed without chemically contaminating the test thermocouple and that
will maintain electrical insulation between typical thermoelements of at ledstih@s the resistance of the thermoelements
themselves. Immerse sheathed thermocouples directly in the bath liquid in cases where the sheath material will not be attacked !
the liquid. Salt baths for use at high temperatures must have corrosion resistant (typically steel) thermowells into which the
thermocouple protection tubes and standard thermometers are inserted for protection from the molten salt. Quartz shea
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thermometers or protection tubes should not be used in direct contact with salt bath fluids. The reference thermometer may be a
thermocouple inserted in the protection tube with the thermocouple being calibrated, or it may be any type of reference
thermometer immersed in the bath liquid close to the thermocouple protection tube. The choice of a reference thermometer will
be governed principally by the accuracy required (see 8 and Appendix X2).

11.6 Insulation of Bare-wire Thermocouples Exposed to Ambient Temperatdies bare thermoelements extending from the
insulators used in the furnace or bath may be insulated with fiberglass or plastic sleeving to prevent electrical shorts between the
thermoelements. A short (1 cm or 0.5 in.) section of heat-shrinkable tubing can be used to support the junction between the sleeving
and the insulator used in the furnace or bath, thereby minimizing mechanical strain of the thermoelements. Large diameter
thermoelements that are sufficiently rigid to be self-supporting will not require this section of heat-shrink tubing and may not
require sleeving as well.

12. Calibration Procedures

112.1 The following methods for taking calibration data are applicable—te—beth—platinum platinum, refractory metal, and
base-metal thermocouples.

112.1.1 Thermocouples in Laboratory Furnacesmmerse the protection tube containing the thermocouples to the proper
depth in a suitable electrically heated tube furrace—6.2.3), (7.2.3 and Appendix X1), and assemble the reference junction,
connecting wires, and switching-appropriateto-Procedures-A; B, or C as described in-Section-9;-whicheveris-seleeted-to be used.

%Pfeeedufe—A—Measufemeﬁts—at 7. For base metaI thermocouples heat—Hae—eaHbFaHeﬂ—pem%s—sheﬂlel—staFt with the

5 he referenc

at a rate not
6 - y y eep their null
- A i 50 io ennected to
ien e i ime as the
of the test
with-power to th
measuremer
he-emf of the

o ibration pomt
3:1—1—1—2—Pfeeedufe—B—Heat—the—qu°raee—te—the—tempe+a&rre—ef the Iowest callbratlon pomt and stabilize at this temperature for
about 10 min., using the indications of the reference thermometer and all thermeeouple fs to ensure temperature-measurement
Read—altematety—the—em# s stability. Alternatively, a series of furnaces whose temperatures are maintained at fixed calibration
points may be used provided sample immersion and extraction rates are not so large as to damage -either—the reference
thermocouples being calibrated or the-test-thermoeeouple, and reference thermometer. Read the—refereree-again—A comparisor
thermometer and test thermocouples, according to Method A, B, or C as described in Section 10. Inspection-of-the-two readings
variation of the referenee-thermeeeuple thermometer readings will indicate whether the furnace has and sensor elements have beel
adequately stabilized. Under stable conditions, the emf reading of the test thermocouple will correspond to a temperature
represented by the mean of the-twe-emf temperature readings of the referenrce-thermocouple. thermometer. Take a second serie
of readings resulting in a second value of emf for the test thermocouple, at nearly the same temperature. Because of small

variations in furnace temperature, it is unlikely that the two sets of emf readings will have been made at exactly the same
temperature. Correct the second measurement of the emf of the test thermoceupte-by-muttiplying-by-theratio (Table subtracting
an emf-ist-measurement/fable-emf-2nd-measurement)-where term corresponding-te-the-—Table-emfis-that listed for temperature
difference between the second and firsttest-thermecouple readings. For example, if the temperature indicated by the reference
thermometer is 650.0 °C at the time of the first measurement and the temperature indicated by the reference thermometer is 650.1
°C at the time of the second measurement and a Type J thermocouple is being calibrated (Type J thermocouple emf is 36.071 mV
at 650 °C and 36.131 mV at 651 °C), Corrected 2nd emf Reading = 2nd Reading emf — S(68(6&).1 °C — 650 °C), where

S (650 °C) = Seebeck coefficient = (36.131 mV - 36.071 mV)/(651 °C - 650 °C) = 0.0603 mV/ °C.

The two valvues of emf for the test thermocouple are then averaged and assigned to the first measurement temperature. Using
the standard reference tables given in Specification E 230, Standard E 988, or Guide E 1751, corrections can be applied for
temperature differences of upte-10°€-{48°F) 5 °C (9 °F) without introducing an error greater than the equivalent of 0.1 °C (0.2
°F). Repeat the procedure at the next higher and succeeding-test points.

11113 Procedure-C—The-exactprocedure to points. Noble metal thermocouples may-be-adoepted-will-depend upon calibrated
in either ascenqu or descendlnq temperature steps Normallzatlon methods that are mathematlcally equatem—te—t—he particular

ii 0 specific
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11312 data.

12.1.2 Thermocouples in Stirred Liquid BathsThe procedure for taking data in the calibration of thermocouples in stirred
liquid baths is identical with—Preeedure B that fer-use-with laboratory furnaces described-in—211.1.1.2, 12.1.1, except that the
reference thermometermay be is often a liquid-in-glass or resistance thermometer instead of a thermocouple. When measureme
approaching ar-acedracy uncertainty of 0.1 °C are to-be-made—Petentiometers made, voltmeters-with-a-limit of error measureme
uncertainty no greater than given-n-6-4.1 7.4 must be used.

123. Calculations

123.1 Emf Difference Function CalculatierHaving determined the emf of the thermocouple at a number of calibration points,
complete the calibratior-is-cempleted by interpolating between the calibration peints-—Bifferent Various interpolation methods may
be used to accommodate special circumstanees, but t. The methed using involving the use of a difference curve-frem-an arbitral
a reference table is often the simplest and most accurate to use. To use this method, choose the appropriate reference table
Specificationr-E-2306-to-establish E 230, Standard E 988, or Guide E 1751 as a basis for establishing a difference curve.

has been us
mperature ust

122 Caleulate curve. Calculate the emf differedde= E, — —E for each calibration point, whel, is the table value of emf

andE is the emf of the test thermocouple at the temperature of the calibration-peint—With values Include the vdfire 0fas

ot the rdeference junction temperature in the data set. Calculate a functional form to approximate the emf difference versu
temperature by performing a least squares fit of the resulting data. It is often convenient to use a low-order polynomial to mode
the emf difference. As an approximate guide, the order of the polynomial should not be greater than the number of data point
divided by two. Functional forms other than polynomials are generally acceptable provided that they result in a smoothly varying
curve with no more than one point of inflection between the calibration points. The lowest fitting errors attainable when modeling
a set of data over a large temperature range will be approximately 0.4 pV for type S and R thermocouples and from 1 pV to 5 p\
for base metal thermocouples. The resulting functiorAferas-abseissas;plot a function of temperature represents the difference
curve between the table values of emf and the emf values of the measured thermocouple. From this relation, table values or «

equation form ofAE—feFeaeh—eal+braﬂeH~pemt—and—draw as—a—emeeth—eurve—thfeugh—the—pemts—ﬂ%e value funetidi=eb-at

of th empe ek Hot-on 'hebnehermocouple are

of-E add the correspondlng value aE from the curve and enter the table at this corrected value of emf to obtain the true

temperature-A {ote-that the The-valkdalad

the sign of a COI‘I’eCtIO-H—W-h-Ieh is to be added to the observed—emf—to glve emf, pr oducmg a corrected emf with which one can ente
the standard table to get the true temperature—or-example—inHig—5-at 7 mV Alternativelythe-coerrection-is—2-pv-—Therefore,
with-an-observed-emf-of-7mV-enter functidric(t) may be subtracted from the-tablte-at-7000—0-0662=6-998 mV thermocouple
reference function te-ebtain create a single function giving-the-cerrespoending-temperature.

12:3-When-Procedure-C-is-being-used,-the-data may test thermocouple emf as a function of temperature. Emf functions she
not be—recerded-in-any-one used outside the range of calibration.

Note 6—These table values are based upon a reference junctien tembperatture-of-way antraty-bata potentiometers are 0 °C or 32
If another reference junction temperature has been used-thedata may reference table values—muet—be—used—te—pfeduee—a—dﬁference curve adjustec
subtracting from-a-stangtard each the tabte-as-deseribed-above, or value of emf corresponding to the reference junction temperature used.

13.2 Emf Function Calculation-In a few special cases it maybe—used desirable to model the functlonal relatlonshlp of emf with
temperatureE(t)) without utilizing differences from-a—€er i
fitting-> When-sel-batanecing-petentiometers reference functlon Varlous functlonal forms are acceptable provrded that  they resul
in_a smoothly varying curve with no more than one point of inflection between any two adjacent calibration points. As an
approximate guide, the-gata-may number of coefficients of the functional form should-retbeprinted on much greaterthan the chal
number of-arX-Y-reeorder,where data points divided by two. In no case should-the-emf-differenee-is-pletted as a functional form
have more parameters than the reference function in Specification E 230 or other relevant specification. Modeling of data by direc
calculation of thetetal emf function often will require substantially more parameters and substantially more measurement data tha
the corresponding calculation at the same level of uncertainty by-the-reference-thermocouplte—Still-urther-automation-is possibl
using-computerized-systems.

43— method of emf differences. Emf functions shall not be used outside the range of calibration.

14. Report

134.1 Report the calibration results-in-any-convenient-form. as required by the user. This may be the E(tictaotable of
values ofE at a number oftemperatures-or-it-may be temperatures, a table of valdsaifselected values &

17



A £ 220 - 02
“afl

H4—Preeision, or a table of values of the temperature equivaleniAt, of AE, at selected values of temperature. The
calibration report shall state the type of reference thermometer used, and-B the calibration uncertainty and
corresponding level of confidence.

15. Uncertainty

145.1 The single-operator repeatability and multilaboratory reproducibility of calibration conducted -by-this test method will
depend on the optional techniques and equipment selected, the variability of the wires between samples, the bias between
references used, and the skills of-the-eperatorsin-unspecified-technigues. operator. The uncertainties given in Tables 1 and 2 are
epiniens represent the capability of the-committee-members-and-are-not-supported method as achieved by NIST2(88¢ Ref
but actual results can vary significantly. The user is cautioned that the method is prone to significant errors if not done skillfully.

A variety of effects, listed in Table 3, contraibute to the uncertainty of calibrations performed according to this Method. An
uncertainty budget including each of these terms should be derived.14.2 The accuracy obtained in comparison calibrations
depends upon two principal factors, the accuracy realized at the calibration points and the accuracy with which interpolation is
made.

424

15.2 Accuracy of Calibration Points-The accuracy attained at each calibration point will depend upon the degree to which the
reference thermometer and the test thermocouple are maintained at the same temperature when measurements are made, t
accuracy of the reference thermometer and its related instruments, and the accuracy of the emf measurements, as listed ir
components 1 through 8 in Table 3. Uncertainty components covering reference thermometer repeatability, bath temperature
stability, and thermocouple drift may be evaluated by statistical analysis of multiple measurements of check-standard
thermometers. At temperatures in excess of approximately 200 °C (400 °F), base metal thermocouples may drift substantially
during the calibration test, imposing the primary limitation on the uncertainty of the calibration. Metallurgical limitations of
thermocouple materials result in compositional inhomogeneities along the length of the thermoelements, even when new. This
effect limits the best accuracy attainable in a thermocouple calibration. As an approximate guide, base metal thermocouples may
be calibrated to a fractional uncertainty of 1@f the temperature difference between the reference and measuring junctions,
noble-metal alloy thermocouples may be calibrated to a fractional uncertainty “bfofl@his temperature difference, and
pure-element thermocouples may be calibrated to a fractional uncertainty®aff1tBis temperature difference. The combined
uncertainties that occur at the calibration points for the common types of thermocouples, as obtained at NIST, are given in Tables
1 and 2-Fhese-uncertainties-may-resultwhen-hemeoegeneous Uncertainties for calibration of base metal thermeeeuptes-are used an
when-reasonable-eare-is-exereised in include an allowance ferthe work.

42 2-Aeedracy inhomogeneity of the unused thermoelements.

15.3 Uncertainty of Interpolated Values—Fhe-aeeuracy—The uncertainty of interpolated values will depend upon the number
of calibration points and the closeness with which the referenee table function used represents the behavior of the particular
thermocouple being calibrated. The more accurately the values conform to the emf-temperature relationship—ef-the actual
thermocouplein-the refereneetable, function, the fewer the number of calibration points required fora-giver-accuracy. uncertainty.
In general, the calibration points should bracket the temperature range over which the thermocouple is to be used, and no
extrapolation should be attempted-—The Tables 4 and 5 give approximate uncertairties-ef-interpetated-values using interpolation
for thermocouples that meet the-method standard tolerances of Specification E 230, provided that the interpolation method is based
on a smooth curve modeling the differeree-eurves of the emf from the reference function. These-uncertabinties were extracted from
Ref (4), which gives the uncertainty of a calibration both at the temperature values-are-given-inTables 1 tested-and 2. These of
interpolated values at temperatures between calibration pointsu. Data is not available for type N thermocouples;-but the listed
interpolation uncertainties are expected to be no worse than for type K thermocouples.

15.3.1 When a substantial number of calibration points is available for a single test thermocouple, the calibration data itself may
be used to evaluate the interpolation error. The thermocouple calibration is determined by fitting a polynomial to the difference
of the emf from the reference function, as described in 13.1. The number of data points shall equal or exceed twice the number
of parameters fitted. The standard uncertainty of using the resulting polynomial to interpolate the emf between calibration
temperature values is taken as the rms deviation of the polynomial from the data:

TABLE 3 Components of Calibration Uncertainties

Uncertainty Component Evaluation Method

[y

. Test thermocouple inhomogeneity and drift  Literature, or Section 10.1
or Appendix X4.1

2. Reference thermometer calibration Provider of thermometer
calibration

3. Reference thermometer repeatability Section 8.1

4. Reference thermometer measurement Manufacturer's specifications

5. Bath or furnace temperature gradients Section 7.1

6. Bath or furnace stability Section 10.1

7. Extraneous emf from scanners, etc Appendix X3

8. Emf measurement Manufacturer’s specifications

9. Interpolation between calibration points Section 15.3
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TABLE 4 Additional Calibration Uncertainties Due to Interpolation—Temperatures in Degrees Celsius (4)

Expanded (k=2) Uncertainty of Interpolation,

A I ’
Thermocouple Type Temperature Range Calibration Points for Temperatures other than Calibration Points?
B 0to 1700 every 100 0.2

0to 1700 600 and 1200 0.7 to 1100 and 5 at 1700
E 0 to 870 every 100 0.5
0 to 870 300, 600, and 870 15
-195t0 0 every 50 0.4
J 0 to 760 100, 300, 500, and 750 0.5
0 to 350 every 100 0.4
K 0 to 1250 every 100 0.5
0 to 1250 300, 600, 900, and 1200 15
-195t0 0 every 50 0.4
Rand S 0 to 1450 every 100 0.2
0 to 1450 600 and 1200 0.7 to 1100 and 3 at 1450
T 0 to 370 every 100 0.1
0to 100 50 and 100 0.05
-195t0 0 every 60 0.1
A See Specification E 230.
B Using difference curve from reference table.
TABLE 5 Additional Calibration Uncertainties Due to Interpolation-Temperatures in Degrees Fahrenheit A
B . ’ Expanded (k=2) Uncertainty of Interpolation,
Thermocouple Type Temperature Range Calibration Points for Temperatures other than Calibration Points©
B 32 to 3100 every 200 04
32 to 3100 1100 and 2200 1.3 to 2000 and 9 at 3100
E 32 to 1600 every 200 0.9
32 to 1600 600, 1100, and 1600 3
—-320 to 32 every 100 0.7
J 32 to 1400 300, 600, 1000, and 1400 0.9
32 to 650 every 200 0.7
K 32 to 2300 every 200 0.9
32 to 2300 600, 1200, 1800, and 2300 3
-320 to 32 every 100 07
Rand S 32 to 2700 every 200 04
32 to 2700 1100 and 2200 1.3 to 2000 and 5 at 2700
T 32 to 700 every 200 0.2
32 to 200 110 and 200 0.1
-320 to 32 every 100 0.2

A This table is based upon the values in Table 4, but Fahrenheit temperatures are given in round numbers rather than exact equivalents of the Celsius temperature.
5 See Specification E 230.
€ Using difference curve from reference table.

1
u= N_dflz (B — Eﬁt)z

where

E; = the emf valud of the test thermocouple, measured at temperdture

Es = the emf of the fitted polynomial evaluatedtatand

Ng = the number of degrees of freedom in the fit = number of data points — number of fitted parameters.

To obtain the interpolation uncertainty for a coverage factor of two, this compougistrhultiplied by two. The interpolation
uncertainty shall be added in quadrature to the uncertainties of the measured points to obtain the combined uncertainties of tl

interpolated points.
423

15.4 Accuracy of Calibrated Thermocouples in Uskn a strict sense, calibrations by the methods described here apply only
for conditions of use similar to those under which the calibrations were made. Once a thermocouple, particularly one of base
metals, has been heated to high temperature, changes may occur, even in relatively homegeneus-elements, which thermoeleme
that will cause the emf output of the thermocouple to be dependent upon the particular temperature gradient profile existing
between the measuring and reference junctions. This is particularly true of base-metal thermocouples that have been calibrated
one depth of immersion and are used at a shorter depth of immersion. A general quantitative assessment-of-errors which that c
arise from this source is not feasible, but the possibilities of such errors should be recognizeg-n-assighing-accuracies analyzir
uncertainties to temperature measurements made with calibrated base-metal thermocouples. For base metal thermocouples, |
preferred practice to calibrate a lot of thermocouple wire or a statistical sample of assembled thermocouple probes, and to the
use a new thermocouple or probe for each thermal environment. Techniques for in situ validation of used thermocouples the
eliminate errors resulting from the different thermal profiles of calibration apparatuses relative to the apparatus where the
thermocouple is used are discussed in MNL{1P
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APPENDIXES
(Nonmandatory Information)

X1. APPARATUS

X1.1 Wire-Wound Electric Tube Furnaces

X1.1.1 Wire-wound electric tube furnaces suitable for thermocouple calibration may be obtaired-commereially;—designed to
eperate-on-either110-6r220-,-and commercially. Such furnaces are typically equippee-with-an-adjustablerheestat or other a means
for of regulating the current or controlling the temperature and are available in models that will operate from various power mains.
For temperatures up to about 1150 °C (2100 °F), a furnace with a heating element of nickel (80 %)-chromium (20 %) will suffice,
whereas iron-chromium-aluminum wire alloys are frequently used in furnaces up to 1300 °C. Furnaces of wire-wound design with
heating elements of platinum or platinum-rhodium are available for higher temperatures, alternatively ceramic element materials
may be used (see X1.2). A convenient size of heating tube is 25 mm (1 in.) in diameter and 600 mm (24 in.) long. The heating
tube may be mounted either horizontally or vertically, but a vertically mounted tube must be plugged at its lower end to minimize
convection currents through the tube. A choice of tube dimensions and orientation may be influenced by such factors as the size
and kinds of wires in the thermocouples to be calibrated, mounting convenience, or personal preference in a particular use. Before
relying upon any furnace, however, a test should be made to ascertain that the depth of immersion is sufficient to eliminate cooling
or heating of the junctions by heat flow along the thermocouple and the insulating and protecting tubes. This can be determined
by observing the change in emf of the thermocouple as the depth of immersion is changed slightly. It is difficult to generalize upon
what a sufficient depth of immersion may be, since in a particular instance this will depend upon the number and size of the
thermocouple wires entenng the furnaces as WeII as furnace charactenstlcs such as tube dlameter and proflle of thermal gradient:

X1.2 Fube-Fype-HeatingCeramic Element Electric Tube Furnaces

X1.2.1 -AFor temperatures above- 1200 °C (2200 °F), laboratoryp tube furnaces with heating-element-furrace-may be found
eenvemeﬂ%when—Pfeee%fe—A{Seeﬂen—Q—zaﬂH&betsed—enesueeesﬁuJ deS|gn elemen’es—ef—fumaee—ns—ehewn—sehematlcally in

e+eetne&Hy—t—he—&rbe—&se#—servmg matenals uch—as—the—heaﬂng—emlement S|I|con carblde (—S1%)—eHe515{eFFhe—lafge current

y the heating
tube, molybdenum dISI|ICIde (Mogimay be used as—shewn—m—ﬁg%él 1an alternatlve—te—ﬁnmm&e—tempera%ufe—gmments along
the—tube platlnum wire. Slllcon carblde furnaces operate upto 1500 °C or 1600 °C (2700 °F or 2900 °F) and molybdenum disilicide

0 glation is used
ing-and cooling,
ime, as is the
ease—when—t—he—refefence approxmately 1700 °C (3100 °F) For thermoeeup’;e—&nd—the—uHmewn must callbratlon purposes, these
furnaces should always be-read-akternately fitted with-a—single-petentiometer. suitable ceramic tube.
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X2. REFERENCE THERMOMETERS

X2.1 Standard Platinum Resistance Thermomete_rs

or using

ny—ef—the—MﬂeHer—type—'Femperatures are ther
%%dﬂ%ﬁgﬂ%&&ﬁb%—%ﬁ&ﬁ%ﬁ%%ﬁﬁﬁ%&&ﬁu&%lstance most accurate reference thermoemeters should b
desighed and-constructed-that are used in defining-the-wire-of-the-platinum-resistor ITS-90 from approximately —259 to 962 °C
The SPRT sensing elementis-as-strain-free-as-practicable made from pure platinum-ana-will-remain-so-during-tuse—in additior

certainrestrictions-are-imposed-on-the-electrical-and-physicatproperties supported essentially strain-free. Because-of the wire
whieh delicate construction, the—resrstor SPR—'l'—rs—femaed—FerLuse—at—temﬁeratures up eaS|Iy damaqed by mechamcal shock and m

be handled carefully

B—e*tended—te—eee—eél—}ee—ll)—t-hfeuqh retain its calrbratron

Note X2.1—No single SPRT covers the-use entire temperature range-of-sitica-gtass-protection

from-the-National-Bureau-of-Standards-Menograph-126. —260 to 962 °C.

X2.2 Bireet-Readinglndustrial Platinum Resistance Thermometers

X2-2-1-Direet-reading

X2.2.1 Certain industrial platinum resistance thermometers-are-avatlable-commercially specially manufactured-ane-may be use
when-the-highest-aceuraey-is—hoetrequired. subjected to special heat treatment and calibration to establish their measureme

uncertainty. These-instruments—have-the—advantage thermometers contain sensing element constructions that are not as ea
affected by handling as SPRTs. However, they also-typindcally have higher measurement uncertainties and narrower usage rang
than SPRTs. Testing of industrial platinum resistaree tlyhermometers is described-n-temperature. Method E 644.

X2.3 Measurement Instruments for Resistance Thermometers

X2.3.1 Several types of instruments can be used. They include analog and digital instruments and those that use resistan
bridges, voltage comparison, or current and potential methods. AC and DC bridges and digital multimeters are becoming
increasingly common due to their ease of use and compatibility with computerized data acquisition systems. These instrumen
typically provide the user the option of a digital display that can be set to provide readings in ohms, millivolts, or temperature.
The operating current of these instruments must be low enough that any self-heating of the thermometer is minimized.

X2.4 Liquid-in-Glass Thermometers

X2.34.1 Fhe-lLiquid-in-glass thermometers can be used as a relatively simple and accurate temperature referenrees-over a wil
range range of moderate temperatures when good usage techmques are feHewed—'Fhe—bmeertarﬁﬂes—gweﬂ—m—'FaHes X2.1-X2
v ve-been applie
Dlscussrons of the calrbratlon and use of Irqwd in-glass thermometers are gweﬂ—m—the—NaHeﬁal—msﬂtute—ef—S and@ Ref

and-Technology-Monograph-150-and-Test Method-E 77. E 77.

X2.5 Thermistors

X2.5.1 Thermistors are a type of resistance thermometer in which the sensing element is typically composed of electrically
conductive oxides. Because thermistors have high sensitivity, instrumentation costs are often lower than for other types o
resistance thermometers for a given level of accuracy. Most thermistors do not conform to a standard resistance-temperatu
relationship, and each thermistor must be individually calibrated. Glass-coated thermistors should be selected for the best stabilit
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X3. TEST FOR STRAY THERMALLY GENERATED EMFS IN COPPER CONNECTING WIRES

X3.1 Atest forstray-thermals extraneous emfs in the copper connecting wires, switching, etc., between the reference junctions
and the potentiometer may be made as follows: With the thermocouple assembly as shown-n-Fig—t-or Fig. 2, 1, remove one of
the ends of the test thermocouple from the reference junction bath and connect a short piece of copper-wire between across the
pools-of-mercury-inthe-two-glasstubes. measurement terminals. This copper link will complete the circuit through the connecting
wires to the-petentiometer, voltmeter, which will now indicate any emf originating in-the-seteeter-switch, scanner system, binding
posts, or other system c.omponents, as wellas stray extraneous pickup from other electrical sources. Temperature gradients in th
copper link will not induce an emf if a good grade of homogeneous copper wire is-used-A-simpleralternative The zero offset of
the voltmeter must be evaluated before performing this test.

X4. TEST FOR THERMOCOUPLE INHOMOGENEITY

X4.1 This procedure is intended-te+emeve-one demonstrate that the calibration of a thermocouple will be insensitive to the
temperature profile over its specified depth of immersion. To utilize this procedure, the test article should be attached to a calibrated
resistance thermometer or a thermocouple of known homogeneity that will move with the test article, clamping or tying their
measuring ends together. The reference thermometer must be able to cover the entire range of calibration temperatures desired. |
the course of calibrating a thermocouple, at its highest calibration temperature, withdraw the test article from the furnace or bath
in steps. The test article shall be held at that position until its temperature profile comes to steady state equilibrium. At least four
steps should be held during the withdrawal process. The withdrawal temperature profile should provide a temperature gradient at
least as sharp as that expected in the intended application of the test article. The sharpest gradients in the ambient-to-test
temperatures are produced at the interface between a liquid metal bath-areHnsert it into a blown air entrance region; the least shary
gradients are produced in an air-atmosphere entrance to a furnace without an equalizing block. At each step, compare the output
of the test article with the temperature indicated by the reference thermometer. The withdrawal procedure should cover as much
of the length of the thermocouple as is expected to encounter temperatures more than 100 °C above ambient. Alternatively,
particularly for thermocouples much longer than the heated calibrationg w environment, hold the thermocouple at each calibration
temperature and heat the exposed length of the thermocouple. The user must determine if the deviations in indicated temperature
between the unit under test and the reference thermometer are significant relative to the uncertainty of calibration or exceed
tolerances set by the user. Conversely, the test may be used with thermocouples or thermoelements to de wtermine suitable
uncertainty subcomponents to account for variations in depth of immersion in use. This test merely indicates that inhomogeneity
is tolerable for application for spatial variatiengs in temperature less abrupt than those imposed in the test. More abrupt spatial
temperature variations imposed on the thermoceuple w (as in transient or specialized thermometry) could result in much larger
errors than suggested by the procedure. It is not intended that this procedures quantify the Seebeck coefficient of the thermocouple
elements nor provide corrections for thermocouples that fail the immersion tests. It provides only a reasonable indication of the
thermocouple’s ability to meet the specified tolerances independent of the details of the temperature profile between the
measurement and reference junctions of the test article. This procedure does not subject the test article to any temperatures beyon
those required for its calibration, but the practitioner should be aware of changes in the properties of Type KP, EP, and JP
thermocouple elements due to prolonged exposure to temperatures in the 200 °C (400 °F) to 600 °C (1100 °F) range. When
conducted at temperatures above approximately 200 °C (400 °F) for base metal thermocouples, or above 450 °C (840 °F) for noble
metal thermocouples, this test is primarily intended for testing of thermocouples that will be used in a manner that precludes use
of the thermocouple at a single, fixed immersion into an apparatus where the temperature profiles imposed on the thermocouple
will be reproducible. When the temperature of the measuring junction does not exceed the above limits, this test is useful for
quantifying the uncertainties resulting from the interaction of thermocouple inhomogeneity and variations in thermocouple
immersion.
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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