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AUTOMATED EQUIPMENT FOR MEASUREMENT OF PROPERTIES OF 
THERMOELECTRIC MATERIAL RODS 

 

The paper presents the results of development of equipment for measurement of electric 
conductivity and thermopower distributions along thermoelectric material rods. The deviations of 
a real physical model of measuring equipment from the ideal model of measuring method, as well 
as the results of calculation of measurement errors caused by these deviations are analyzed. The 
method for measurement of thermal conductivity of rods is developed. A description of measuring 
equipment design with automation of measurement process to increase the rapidity of action and 
eliminate human errors is given. The use of such equipment in the manufacture of thermoelectric 
modules allows reducing thermoelectric material consumption to ~ 10% with a simultaneous 
quality enhancement of thermoelectric products by ~ 8 - 15%. 
Key words: electrical conductivity, thermal conductivity, thermalEMF error thermoelectric 
material, automation. 

Introduction 
General characterization of the problem. In the production of thermoelectric modules it is important 

to assure step-by-step quality control of thermoelectric materials. No less important is selection of material 
with specified properties, optimized for each particular task. The first step of such control is measurement of 
properties of thermoelectric material rods. 

Analysis of the literature.  The electric conductivity of rods is successfully measured by a two-probe 
method [1]. In [2 – 5], a detailed analysis of the sources of errors of this method is given and the ways for 
their minimization are proposed. 

To determine the Seebeck coefficient of rods, a hot probe method is generally used [6] allowing to 
find the local value of thermopower at probe contact point. 

In [7], a description of experimental setup for determination of electric conductivity and thermopower 
of probes developed by the Institute of Thermoelectricity (Ukraine) is given. The measurement errors of this 
setup are ~ 1% for electric conductivity and ~ 2% for the Seebeck coefficient.  The disadvantageous feature 
of this equipment is manual mode of measurement and processing of the results. 

The purpose of this work is to develop equipment for measurement of properties of thermoelectric 
material rods through use of automation of measuring probes travel, measured results processing and 
plotting the distribution of material properties in the rod. 

Physical, mathematical and computer models of the method 

A physical model for the development of methods for determination of electric conductivity and 
the Seebeck coefficient of rods is given in Fig. 1. The electric conductivity was measured with the use 
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of a two-probe method, and the Seebeck coefficient – with the use of a hot probe method. The physical 
model takes into account cooling and heating of the opposite ingot edges due to the influence of the 
Peltier heat Q1, the release of the Joule heat Q2 in the ingots and current conductors, as well as heat 
exchange between the ingot, current conductors and measuring probes and the environment (Q3 –  Q11). 

For calculation of the errors and optimization of measurement method it is necessary to find the 
distributions of electrical potential φ and temperature Т in the ingot that can be obtained from the laws 
of conservation of electrical charge and energy written as: 
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where αi, is the Seebeck coefficient, σi is an electric conductivity and κi is a thermal conductivity of 
the elements of physical model. 

The boundary conditions for such a physical model: 
– the lateral surfaces of the ingot and current conductors are electrically insulated 

0⋅ =n j ; 
– current of  I flows through current conductors 

./ стI S⋅ =n j ; 

– the ends of current conductors are thermostated at ambient temperature Т0 

0T T= ; 

– the lateral surfaces of the ingot, measuring probes and current conductors are in a state of 
heat exchange with the environment 

0( )nh T T⋅ = −n q , 

where hn are heat transfer coefficients. 
This problem was solved with the use of computer object-oriented simulation with application 

of finite element method implemented in Comsol Multiphysics package of applied programs. 
The main sources of errors in the measurement of electric conductivity: 
– current density inhomogeneity in the ingot due to current supply to ingot end only at points of 

contact to current conductors, rather than uniformly along its entire surface; 
– non-isothermal conditions caused by the influence of the Peltier and Joule effects, as well as 

by heat exchange with the environment. 
It was established that the errors due to current density inhomogeneity near the ends can be 

considerable – more than 45% – in the case when current supply to the ingot is done by one point 
current conductor on each end (Fig. 2). 

Fig. 1. Physical model of measuring the electric 
conductivity and Seebeck coefficient of ingots. 

1 - ingot, 2 – current conductors  
3, 4 – measuring probes. 
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Fig. 2. Dependence of electric conductivity 
measurement error due to current density 

inhomogeneity on the distance z from the probes to 
ingot edge. 

Fig. 3. Dependence of electric conductivity 
measurement error due to current density 

inhomogeneity on the number of current contacts N. 

The situation is improved with increasing the number of current conductors (Fig. 3). For the 
case of three points the error is about 20%. Computer simulation made it possible to determine the 
optimal number of contact points – 16 on each end. Measurement error due to current density 
inhomogeneity is reduced here to 0.9%. 

A method eliminating the influence of the Peltier effect by using optimal current through the 
ingot was also developed, whereby cooling action of the Peltier effect is compensated by the Joule 
heat. The error in this case is reduced from 6 to 0.3% (Fig. 4). 

 

Fig. 4. Dependence of electric conductivity measurement error due to 
 the Peltier effect on the distance from current through the ingot.Total error of electric conductivity 

measurement with regard to instrumental errors is 1.5%. Thus, using the elaborated methods the 
accuracy of electric conductivity measurement near the ends has been increased more than a factor of 
15. 

The errors in the determination of the Seebeck coefficient are caused by the difference between 
temperature Т1 at point of thermocouple location on the probe and temperature Т2 at point of probe 
contact with the rod surface. Computer simulation was used to obtain the dependences of correction 
factor K on measuring probe geometry in order to take this temperature difference into account in the 
calculation of the Seebeck coefficient  
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The probe with a cone-shaped tip was used. The probe base diameter was d1, the probe tip 
diameter - d2. Figs. 5, 6 show the dependences of correction factor K on probe dimensions for the 
cases of copper (1) and tungsten (2) tip. 

 
Fig. 5. Dependences of correction factor for 

calculation of the Seebeck coefficient of ingot on probe 
tip diameter. 

Fig. 6. Dependences of correction factor for 
 calculation of the Seebeck coefficient of ingot 

 on probe base diameter. 

A method for measuring thermal conductivity of ingots was developed, too. For this purpose a 
computer model was studied that allows finding temperature distribution in the ingot at an arbitrary 
time moment. An ingot of thermoelectric material was considered having on one of its end faces an 
electric heater. The temperature distribution equation is of the form: 

( ) 0T T
t

C ∂
+∇ −κ∇ =

∂
ρ ,     (2) 

where ρ is a density, С is heat capacity, κ is a thermal conductivity of ingot material. 
Solving of Eq. (3) with the boundary conditions that take into account heat exchange between 

the ingot and the environment yielded calibration curves for determination of thermal conductivity of 
material from the time of reaching given temperature difference between two points on the surface of 
the ingot (Fig. 7). 

 

Fig. 7. Calibration dependences for 
determination of thermal conductivity of  the 

ingot. 

Fig. 8. Design of device for measuring thermal 
 conductivity of ingots. 

Device for determination of thermal conductivity and its external appearance is shown in Fig. 8. 
It comprises a reference heater 3, thermocouples-probes 4, a screen heater 1, a differential “zero 
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thermocouple” 2 and a screen tube 5. Thermal conductivity is determined by the rate of reaching given 
temperature difference between thermocouples. 

The above described methods were 
used to develop equipment for investigation 
of properties of ingots whose external 
appearance is given in Fig. 9. The 
equipment is fully automated, including 
travel of probes and rotation of ingot about 
its axis, as well as the process of 
measurement and processing of results. 

Jointly with the state enterprise “Chernivtsi Regional Scientific-Production Centre for 
Standardization, Metrology and Certification” (State Enterprise “Bukovinastandartmetrologiya”) the 
methods for metrological certification of this equipment have been developed and tests have been 
performed that confirmed its high precision and reproducibility of results: the error of electric 
conductivity measurement not more than 0.5% and the error of thermopower measurement not more 
than 1%; the error of thermal conductivity determination not more than 10%. 

The elaborated equipment for determination of properties of rods can be helpful in the 
production of thermoelectric modules. It yields material saving of about 10% and improves the quality 
of modules by 8 – 15%. 

Conclusions 
1. Computer simulation methods have been used to determine the influence of various errors on the 

accuracy of measuring electric conductivity and thermopower of thermoelectric material rods. 
Conditions for minimization of the influence of these errors have been found. 

2. Based on the results of computer simulation, an automated setup has been developed for measuring 
electric conductivity and thermopower of rods, as well as automatic processing of measurement 
results. The error of electric conductivity measurement is ~ 0.5%, of thermopower - ~1%. 

3. Measuring setup is equipped with a device for determination of thermal conductivity of the rod in 
dynamic mode. The error of thermal conductivity determination is ~10%. 

4. The use of the above described measuring equipment in production practice for the manufacture of 
cooling modules allows reducing thermoelectric material consumption up to 10% and improving 
quality of modules up to 8 – 15%. 

References 
1. L.I.Anatychuk, Thermoelements and Thermoelectric Devices (Kyiv: Naukova Dumka, 1978), 768 p. 
2. V.V.Razinkov, Equipment for Measuring Parameters of Thermoelectric Material Ingots, 

J.Thermoelectricity 4, 70 – 79 (2002). 
3. V.V.Lysko, Research on the Errors in Measuring the Electric Conductivity of Thermoelectric 

Material Rods, J.Thermoelectricity 4, 49 – 54 (2006). 
4. L.I.Anatychuk, V.V.Lysko, High Precision Method for Measuring the Electric Conductivity of 

Thermoelectric Material Rods, J.Thermoelectricity 1, 70 – 75 (2008). 
5. L.I.Anatychuk, V.V.Lysko, Measurement of Thermoelectric Parameters on Rods, Proc. of ХІ 

 
Fig. 9. External appearance of ingot holder. 



L.I.Anatychuk, M.V.Havrylyuk, V.V.Lysko, V.A.Tyumentsev. 
Automated equipment for measurement of properties of thermoelectric material rods  

 Journal of Thermoelectricity №4, 2015 ISSN 1607-8829 84 

Interstate Workshop “Thermoelectrics and Their Applications” (Russia, Saint-Petersburg, 2008), p. 
464 – 469. 

6. A.S.Okhotin, A.S.Pushkarsky, R.P,Borovikova, and V.A.Simonov, Methods for Measuring 
Characteristics of Thermoelectric Materials and Converters (Moscow: Nauka, 1974), 167p. 

7. L.I.Anatychuk, N.V.Havrylyuk, and V.V.Lysko, Methods and Equipment for Quality Control of 
Thermoelectric Materials, J.Electronic Materials 41(6), 1680 – 1685 (2012). 

 
Submitted 10.09.2015. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


