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TESTING OF THERMOCOUPLES FOR INHOMOGENEITY
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Abstract: It is good calibration practice to test passes through temperature gradient. Thus chandbein
thermocouples for homogeneity of the Seeback’sfimbafit  local Seebeck’s coefficient in one segment of tlwrouple
during calibration process. If change in homoggnélite  wire may give wrong information about temperatusgel
coefficient, commonly known as inhomogeneity is notbetween cold and hot junction. Magnitude of errail w
detected, thermometer although calibrated mightoeoable depend on temperature profile along the thermoeowle:

to measure temperature correctly. Several diffetesting only if segment of wire with degraded thermoelectri
techniques are developed, depending on type of thgroperties is in the isothermal zone, emf readiray rhe
thermocouple and the equipment available. In ortter correct. Usually, this is not a case. Thermocouplesoften
automate process of thermocouple inhomogeneitintekir  used in different insertion depths, and theretttelichance
all applicable testing methods a Thermocouplghat non-degraded part of wire will be in isothekrmane
Inhomogeneity Testing Device was developed in Latooy ~ which makes correct measurement with such thermemet
for Process Measurement (LPM), University of ZagiEfie  impossible. Further, during routine calibrationrthemeters
device is mostly used for the testing of thermodeup are inserted into calibration furnace at certaiseition
inhomogeneity in conjunction with heater movingreyjdhe  depth. Temperature profile at calibration tempestould
thermocouple. The sled for mounting of the heatethe  be very different from profile that occurs duriregular use.
thermometer is translated by a threaded shaft asteg If calibration furnace with large insertion depth used
motor in horizontal axis, vertical axis or its §tig direction  significant variation of relative Seebeck’s coaffit may
can be tilted in six steps between those two motiSled is not be detected, because degraded area is kemris@tl. In
mounted on shafts guides with precision linear baliring, such case, calibration certificate for degradedniiogouple
which allow for smooth translation. The frame of thevice may be issued ibona fide, with uncertainties which do not
is designed with adjustable height and distancevdeat  reflect physical state of the thermometer. In ordervoid
legs, which allows testing in most available metgital inhomogeneity-related mistakes, a device was deeelp
baths or furnaces. System is controlled by custoaden which is used for testing of thermocouple inhoman as
program on LabView platform, with ability to autotitally = a part of their calibration procedure at LPM. Measu
acquire, store and analyze data test data. Vamiaifothe deviation of the generated thermovoltage is used fo
thermovoltage recorded during measurement is used calculation of the inhomogeneity related uncertaint
calculation of the uncertainty of the calibratidrhis paper component for the calibration of the thermocoujevice
describes the techniques for inhomogeneity testingl is designed on such manner that it allows testihghe
design of the testing device. Interpretation of thehermocouple along most of it's working length, iehi
measurement results and calculation of inhomoggneitemperature gradient zone in which thermovoltage is

related component of the uncertainty budget isqiesl. generated can be of required length. Functionalitythe
device is further extended to all thermometric eds in
Keywords: inhomogeneity testing, thermocouple. LPM which require measurement of temperature
distribution along some axis, such as thermometer
1. INTRODUCTION immersion profiles and gradients in calibrationhsaand

Seebeck's coefficient of thermocouple wire is cliagg furnaces. The device is capable to running fulljomated

quri | d f th le i levat recision measurement at prescribed linear traoslaates
uring  prolonged use o ermocouple in —elevateq,,q sampling intervals. Tests can be done withatsment
temperature, which may be main source of error in

in vertical and horizontal direction.
thermocouple temperature measurement [1]. Shock,

mechanical deformgnon, radla'5|0n an(_j _other vaeghtan > METHODS FOR INHOMOGENEITY TESTING
also cause change in Seeback’s coefficient of theouple
wire. Thermoelectric emf is generated at zones witfThermocouples are always tested for inhomogeneitgats
temperature gradients along thermocouple wire,dleng on same basic principle regardless of the type haf t
whole length of wire except segments which are ha t thermocouple and the selected method. Temperature
isothermal zones. Level of generated emf is proguat to  gradient is applied on part of the thermocouplesveind the
applied temperature gradient between cold andurattipn  thermovoltage is measured at the ends of the jpdf

and to relative Seebeck’s coefficient in segmentictwh difference between measured thermovoltage and &ghec



level of thermovoltage is not within tolerable miarfpr the
type of the thermocouple and the
thermocouple is considered to have became inhoneagesn
In calibration practice, tests of the single wire aeldom

Tests are performed in vertical and tilted positiaith cold

testing methodand hot junction submerged in ice/water mixturethwi

rubber waterproof protection for ceramic insulatbdt

junction. Temperature of the heater is controllethe range

performed. Two methods are most commonly used fofrom 250 to 300°C. During test part of the thermaque

testing of inhomogeneity of thermocouples:
temperature ramp and immersion test.
Temperature ramp testing method consists of motiva
temperature gradients of opposite direction aldreg wire,
while temperature at both ends is kept constantmifal
emf measured at the end of the thermocouple isakygtu

movingabove the heater becomes Hmtcause of the convection

transfer from the heater, which makes second testyer
ramp very broad. If exact location of inhomogeneitye is
needed, fan blowing across the heater is used ke rveo
short ramps at the ends of the heater.
Thin metal sheathed mineral

insulated  (MIMS)

deference between emfs generated at both temperatuhermocouples are tested by ramp method when used f
gradients. In homogenous thermocouple those twosemfegular (>250 mm) immersion measurements. In cdsrav

should cancel regardless of the shape of the teanper
ramp. If temperature ramp is covering only smadinsent of
thermocouple wire, like in “the traveling flame” ste
generated emfs can also cancel since they wergajedan
adjacent regions where the Seebeck’s coefficieny tra
degraded by same amount. In such case thermocwithla
large segment of inhomogeneity may pass the tespéply
nicked “fool’s test” [2], [3].

Immersion test is actually process
thermocouple is gradually or in small steps immeriseo
temperature zone of high stability. Reading on digital
multimeter to which thermocouple is connected imtth
method is measure of relative Seebeck’s coefficanthe
segment of the thermocouple which
temperature gradient. If transition zone betweerbiant
temperature and temperature zone is very narrolativie
Seebeck’s coefficient of the small segment of thee s
examined. This is usually case when water, oit, lsaths or
liquid nitrogen are used as temperature zones
inhomogeneity testing. On the other hand, whe
thermometer is being immersed in fixed point oilzation
furnace,
temperature gradient. The temperature zone hasate h
temperature stability over test period at the lewlich
would not produce significant effect on measured, smce

this could be reckoned as local inhomogeneity. Whe

inhomogeneity is tested by insertion in fixed patability
is not a problem, otherwise monitoring thermometesst be
used to estimate possible corrections. Inhomogetesting

by immersion method at high temperature can ad

significant exposure time to high temperature (besea
inhomogeneity testing could last much longer
calibration), and in turn may impose risk of deshgy
further inhomogeneity.

Design of the Testing device allows execution & Hoth
methods of testing and selection of the methodaset on
following parameters: type of thermocouple, accuated
working hours, working depth of immersion, foresdgne
of calibration and overall acceptable calibratiosts.

Most of the thermocouples are routinely tested withving
ramp method, for which the practice has shown istmo
economical in costs and time for everyday praciicéhe
lab. Heaters of different lengths can be used réamp

method according to length of the segment which i

suspected to be inhomogeneous, all in order todatest
turning to fool’s test [2], [3]. Length may varyofm 10 cm
as default value to 20 cm for long industtiaérmocouples.

ffapacity and type of the thermal source used. hEtrtore,

larger segment of the wire is subjected t

than

customer specify they are used in conjunction \pidpular
small immersion dry block calibrators where onfy df the
thermocouple is inserted into the thermal zone thede is
sharp transition zone between working temperatackthe
environment, they are tested with gradual immersidn
stabilized oil bath. This method allows accurate
inhomogeneity evaluation of the short segment atvimn
proximity of the hot junction of the thermocouple.

during whichAbovementioned methods are used for the themocsuple

which are to be calibrated by comparison method.
Thermocouples calibrated in fixed points are tested
inhomogeneity on traditional method by slow ingertinto

the fixed point.

is subjected to

3. TESTING DEVICE

Both methods require uniform motion of the thermgule
or a heater at predefined motion rate which may
ignificantly vary, depending on thermocouple tharm

dependable and precision displacement controlgsired if
esting of the thermocouple is to be left unattehde

n order to meet those requirements the devicedgagned
and manufactured at LPM. It can be used for immersis
well as for moving temperature ramp tests. Systam i
lqlesigned around sturdy rectangular frame whichwallo
motion of the sled with support for the heater or the
thermocouple. The sled is mounted on two largealirll-
bearings sliding on two shafts, and moved by spiratid
gtepper motor. The dedicated LabView program odsitr
movements of the sled, as well as the acquisitrmhstorage
of the data from DMM to which thermocouple undest tis
connected.
The frame consists of two legs and inner frame bitkvthe
guide-shafts for the sled are mounted. Both legs the
inner frame are manufactured from stainless steetder to
sustain proximity of baths and furnaces. Two addéi
spacers can extend distance between the legs tdhtha
frame can be positioned above thermometric baths or
furnaces of different widths. Mounts for wheels arelded
on the legs so that the device can be wheeled dritnenlab.
Inner frame is mounted on the legs with four stsalsteel
screws, there are 26 holes along the legs’ heigtd tm
teps, and depending on the holes chosen to mioaimter
rame, the distance between inner frame’s lowesttnd a
floor can vary between 0 and 130 cm. Furthermoedrnher
frame can be tilted in 15° steps from perpendicutar
horizontal position by means of the perforatedntitplate



with positioning holes distributed along its outéameter.
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Figure 1: Drawing of the frame of the Thermocouplelnhomogeneity
Testing Device. On the left default configuration ér immersion testing
is shown. Frame can be tilted in six steps from vécal to horizontal,
and adjustable space between legs allows to positidevice above baths
and furnaces of different width.

The inner frame carries the stepper motor, theatted
shaft, and the holders for the shaft on which #eguided.
Distance between shaft holders allows for about dfi0of
working distance for the sled. The commerciallyabfied
linear translation system consists of two shaft2@fmm
diameter, holders for the shafts, and large linbah-
bearings to which the box-shaped aluminum sledtéslaed.

The linear system components assure low frictionl an

stiffness and smooth running at desired rate atpasjtion
and in the translation range. Movement of the sied
implemented with threaded shaft connected to teppsr
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Figure 2: Connection scheme of the Thermocouple imimogeneity
testing device when used in moving heater configutian.

Controller integrates all control circuitry requiréo control
bipolar and unipolar stepper motor, and generatgmkfor

motor. Thermocouples and heaters are mounted dipwer driving circuitry. This combination was chose
interchangeable supports, which are designed witRecause it has small number of components increases

adjustable clamp capable of receiving various typés
thermometers. The design allows for two ways aihfixof
the thermometer to the sled: rigidly (when used stirred
baths or with moving heater), or flexibly, whenrinemeter
is pushed or pulled by a sled but can displacevinlateral
planes, as required for self aligning in, for exémparrow
bore of a furnace or a fixed point.

Control over stepper motor is achieved throughamsbuilt
control circuit. It is contained in separate boxjieh also
contains transformer and rectifier for the circgiyitch for
the step down transformer for the heater, potergtemfor
the heater and stepper motors’s cooling fan andthe!
connectors and fuses to ensure tidy connectiondsstviPC
and the device. Circuit itself is built with an Adn
AT89C2051 8-bit microcontroller and L297 steppertono
controller in combination with L298N bridge driver.
Microcontroller has 2Kb of In-System Programmablash
Memory, 15 programmable 1/0O lines,

timer/counter, built-in  serial peripheral interfacéor

two  16-bit independent

reliability and simplifies software development. ipwiar
permanent magnet type stepper motor was chosen for
drivetrain. It has nominal voltage 12.7 V, 12.5 Wwer
rating, 48 steps per revolution which makes 7.8p stngle,
holding torque of 240 mNm and maximum detent torglie
16 mNm. When used in conjunction with 10 mm threde
shaft with 1.5 mm pitch per revolution, the reqdti
resolution of the sled movement is less than 0.0d. nm
default configuration, control circuit is connectiedthe PC

via second serial RS 232 communication port. Digita
multimeter (Keithley 2001, resolution 7 % digits)used for
data acquisition, and is connected via IEEE 484. gérst
channel on DMM multiplexer is used for reading loé &mf
generated in DUT, while second is used in conjemctiith

the heater for temperature monitoring. First sepakt
(COM1) is reserved for resistance bridge when PRiEs
used, either for monitoring stability of the bathr, for
measurements which do not include
inhomogeneity testing.

communication with PC and on-chip analog comparatofP€dicated PC program based on LabView platform was

Microcontroller feeds step clock and direction signo
L297 stepper motor controller.

written to perform simultaneous control over thepgter
motor, acquisition of values of DUT from DMM, omé
analysis and storage of the readings for docunientats
well as the temperature of the heater when used.
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Figure 3: User interface to the program for controlof the hardware, of measured emf.
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It allows in burst mode manual positioning of tfled to
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The purpose of the_ inhomogeneity testing i.s.to aete rig 2 Measured emf during inhomogeneity test.
possible inhomogeneity of the Seeback’s coefficanthe

thermocouple, and if detected quantitatively incogte it |n most cases outcome of the test will be betwbese two
into the uncertainty budget. extremes. Deviation will be detected, it's magnétuzhn be
Depending on the test results three scenarios @ssilpe. measured, and it inhomogeneity related componerthef
When the thermovoltage deviation is found to behinit calibration uncertainty budget has to be calculated
uncertainty of the testing itself, the thermocouple \When thermometers are calibrated at fixed points,
considered to have homogenous Seeback’s coefficietalculation of uncertainty components emanatingmfro
Uncertainty of the testing comprising mostly of th&M  jnhomogeneity is straightforward. Since thermowgita
uncertainty components is then used for inhomoggnei deviation is measured at the temperature of caidsreby
related component of the uncertainty budget. withdrawing thermometer from the thermometer well,
In case when measured deviation of the thermovelis®y  difference of the thermovoltages at the bottomhaf well
it's magnitude intolerable for this type of therroaple, and at 5 cm from the bottom is taken to be sparthef
issue of the calibration certificate is denied. ©Oo®r is  rectangular distribution. Standard deviation iscukited
advised to discard this thermometer. En examplsuth  simply by dividing value by square root of three.

testing is presented on Figure 4. When the moving ramp method is used, thermocougies
Thermocouple has outer diameter of 6 mm and thgtheof  tested at the single temperature. For short MIMS
700 mm and was not dismantled prior to the testtéte thermocouples temperature of the stabilized oih igt100°,
with length of 100 mm and inner diameter 15 mm wsesd.  while temperature of the heater is in the range 2300°,
Temperature of the heater during test was conttotte  which is upper limit before any additional harmfefect on
270°C. Top 10 centimeters of the hot junction o€ th thermocouple will take effect.

thermocouple were inserted in thin rubber protecsbeath  The errors that would be induced due to inhomodgreee
and immersed in ice/water mixture, as well as qadtion. both proportional on Seeback's coefficient degiadaand

Thermocouple was tested in vertical position withtemperature gradient, meaning that for the same
continuous rate of heater movement 0f2mm/m|rmf|[be thermocoup|e on lower temperature error would be

hot jUnCtion of the thermometer toward cold junnt_i§r0m proportiona”y smaller than on h|gher temperature_
results can be concluded that thermocouple is sbver
degraded through its length. At the start of the@sneement



Table 1: Uncertainty budget of the calibrated typeK thermocouple at 660°. Component of the standardeViation due to inhomogeneity is printed
bold. It was calculated by multiplying measurementesults obtained with the ramp method for inhomogeaity testing which was carried out at 270°

by factor of 2.4.
DUT emf uncertainty budget tear 658.6716 C

Type Quantity Symbol Estimation Uncertainty | Probability Sensitivity coeff. Contribution
A |DUT emf Vix 27.4350 0.00002 mV | normal (1a) 1.0[-] 0.02 pv
DMM calibration Vix1 0.00 pVv 2.19 pV | normal (20) 1.0[-] 1.09 pv
DMM resolution OVixz 0.00 pv 0.01 pV | rectangular 1.0[-] 0.01 pv
Parasitic voltages| d&Vg 0.00 pVv 1.20 uVv | rectangular 10[-] 0.69 pv
B |Inhomogeneity oVy 0.00 pv 50.00 pV | rectangular 10[-] 28.87 uv
Comp\Ext cables OV x 0.00 pv 0.00 pVv | rectangular 10([-] 0.00 pVv
Ice/water bath Otgs 0.005 € 0.004 T |rectangular 39.5 pv/IC@O<T 0.09 pv
Temp. deviation At 0.00 T 0.578 C normal (1o) 42.19 pVIT@t oy 24.41 uv
. 37.824 pv

AB |DUT emf Vy 27.43517 mV Uncertainty (10)
0.897 €
C |Interpolation Nint 0.00 pVv | 12.088 pv | rectangular | 1.00[-] 6.98 pv
ABC |[DUT emf Vy 27.4352 mV Uncertainty (10) 38.462 v
0.912 C

As the authors were not aware of any written
recommendations for calculation of the standardadiem

in moving ramp method, simple proportional methed i
used. For the part of temperature related errarsule of

the thumb is accepted that probable thermovoltage
deviation on higher temperatures would be propoétily
higher, i.e. deviation on the 900°C would be thtieges
higher than that measured on 300°. Thermovoltage
deviation calculated on this way is taken as ranfe
rectangular distribution, and standard deviation is
calculated by dividing that value by square roothoke.
Method is considered to be a bit conservative,ianded
until more accurate investigations are carried .
example is of uncertainty budget is presented éntéble

1. Ceramic sheated Type K thermocouple was tested f
the inhomogeneity and deviation was found to béhin
range 20 microK. Temperature of the heater was at
270°C. In order to assess inhomogeneity at théreaion
point of 660°C, the value of measured deviatio2 &2°
was multiplied by factor 2.4. Calculated value an
taken as range of the rectangular distribution staddard
deviation is calculated by dividing with square trad
three.

CONCLUSION

Testing of the thermocouples for inhomogeneity is
important part of good calibration practice. Tesi®
mostly conducted with the heater installed on thesl.s
The results obtained from the inhomogeneity tests a
used for quantification of the inhomogeneity unaety
component to the overall calibration uncertaintysbme
cases the testing can prevent the unnecessaryatalib
effort when the severe inhomogeneity is detectdie T
Thermocouple Inhomogeneity Testing Devicedesigoed f
this purpose has proved to be useful and time gataial

in thermocouple testing. The device is also used in
profiling axial temperature gradients in equalizisigcks

for comparison calibration of the thermocouples and

PRTs. Further application in which the device vié
used is investigation of hydrostatic head effecffif@ in
fixed points. Also further investigation in calctitan of
the standard deviation for the ramp method is @dnn
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