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Abstract. The structure of the simplified metrological software test (MST) for modeling of 
thermocouple (TC) errors during operation are considered in the paper. Also the method of 
MST connection to a temperature measuring system in order to determine the error of a TC is 
presented. The studies of the dependence of TC error on interference magnitude in the modes 
of single measurements and averaging was carried out. 
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1. Introduction 
Measurement systems are becoming more and more complex due to the correction of various 
errors [1]. It complicates determination of their metrological characteristics. It is reasonable to 
solve this problem using simulation. In [2] there was proposed the special software tool – the 
metrological software test (MST). The MST has work pieces for simulation models of typical 
units of a measuring channel, which take into account various components of error. It allows 
one to simulate various values of individual components of the error, the ratio between them, 
the effect of influence quantities, drift due to time and temperature. Entering output signals of 
the MST onto inputs of certain components of the measuring channel one can study its 
response to various errors and efficiency of methods to decrease the error. However, the MST 
[2] is very complex. It is reasonable to construct a special simplified MST to study the 
method of in situ error determination for thermocouples (TCs) proposed in [3].  

2. The Method for Determining Thermocouple Error During Operation 
TCs are the most widely used sensors in the energy sector. However, their error is quite large. 
For instance, for the type K TCs the deviation of individual conversion characteristic (CC) 
from the nominal one when measuring the temperature of 800°C can be up to 6°C. For 
operation during 1,000 hours at 800°C in air the error due to drift of CC may reach 8°C, and 
the error due to acquired thermoelectric inhomogeneity can vary within the range of 11-30°C 
[4]. These errors significantly restrict the efficiency of processes.  
There was developed the method for determining the error of TCs in situ [3] by purposeful 
changing temperature field along the legs of a TC.  
A usual TC 1 is given in Fig. 1. It is placed inside of the tubular multizone furnace 2. The 
furnace 2 is attached to the wall of a big unit furnace 3. The goal of the furnace 2 is to provide 
a purposeful change of the temperature field. The temperature field of unit 3 (the field A in 
the bottom part of Fig. 1) is changeable during operation (for instance, diurnal changes). In 
this case the error due to inhomogeneity appears. Therefore the furnace 2 maintains constant 
the temperature field B along the legs of TC 1. Then the error due to inhomogeneity cannot 
manifest itself. The field C is formed by the furnace 2 when determining the error of the TC. 
The necessary limits of changes of the temperature field are highlighted with the lines 
L1…L6. The electromotive force (emf) is developed by the sections of TC 1 which are 
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operated at temperatures close to ambient and does not undergo drift during operation. When 
the temperature of the measuring junction of TC 1 is constant the difference in the emf 
developed in the temperature fields B and C equals the error due to drift of the TC CC [3]. 
Before operation it is required to carry out calibration of TC 1 [3].  
The calibration is performed in the temperature field C, (in this case emf is developed by the 
sections which are operated at temperatures close to ambient). Then it is possible to carry out 
complete correction the error of TC CC. The TC error is reduced in 8 - 12 times. 

3. The Structure of the Proposed MST 
The block diagram of the simplified MST, which allows one to test a measuring chain in the 
mode of determination of the TC error is shown in Fig. 2.  
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Fig. 1. The method for determining the error of TCs in situ. 
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Fig. 2. The block diagram of the simplified MST in the mode of determination of the TC error. 

It includes the software components: (i) the unit for setting temperature fields of operation 
and determination of error (ii) the unit for calculating the temperatures of the ends of virtual 
sections into which a TC is split into during continuous operation EXPL

LiT  and during the 
procedure of determination of error POH

LT  (for details of the splitting see [3]); (iii) the unit for 
calculating the nominal absolute Seebeck coefficients NOM

iE of these virtual TC sections; (iv) 
the unit for calculating the values of errors iE∆  for virtual sections; (v) the unit for 
calculating actual absolute Seebeck coefficients iE  for virtual sections; (vi) three 
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accumulating adders. Accumulating adders calculate the total nominal and actual emfs as well 
as the error of the actual emf using the results of the calculation of corresponding parameters 
of virtual sections. 
The connection of a temperature measuring system and the MST is shown in Fig. 3. It 
consists of the MST, whose output generates a nominal absolute Seebeck coefficient NOM

TPE , an 
actual absolute Seebeck coefficient (including error) TPE  and an absolute error TPE∆ of TC 
CC. The values of NOM

TPE  and TPE , that simulate emf developed by a TC in the temperature 
field of operation and in that of the mode of determination of the TC error, are submitted to 
the measuring system under test. Within the measuring system, the values of NOM

TPE and TPE  
are superimposed with the random error ZAV

Σ∆ . 

Based on the values of NOM
TPE and TPE  temperature measuring system should determine the 

error of a TC, which will be used by the system to correct its error. The unit for analysis 
determines the deviation of the actual error SYS

TPE∆ from the one specified by the MST TPE∆ . 
The main reason for this deviation is random errors ZAV

Σ∆ . The unit analysis of error correction 
interprets the obtained deviations as the error of the TC error determination.  
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Fig. 3. The connection of the temperature measuring system and the MST for determination of TC error. 

4. Results of the Study 
Dependence of the error of TC error determination on interference amplitude in the single 
measurement mode shown in Fig. 4.  
 

 
Fig. 4. Dependence of the error of TC error determination on interference amplitude. 

As can be seen from Fig. 4, the bigger interference amplitude is, the bigger error of TC error 
determination is. It should be noted that the plot is shown in Fig. 4 describes only the effect of 
interference. There is a similar dependence of the error of TC error determination on 
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interference amplitude using discrete averaging of two and four measurement results of emfs 
NOM

TPE  and TPE , when measurement synchronization shifted on 0.5 and 0.25 of the electrical 
grid period. This dependence is shown in Fig. 5. As can be seen from Fig. 5, the error of TC 
error determination is much smaller than that shown in Fig. 4, even with much larger 
interference amplitude. 
 

 
Fig. 5. Dependence of the error of TC error determination on interference amplitude using discrete averaging of 

two and four measurement results. 

5. Conclusions  
Random errors and interference have considerable influence on of the error of TC error 
determination. Therefore high interference and noise immunity are crucial for accurate 
temperature measurements. 
It should be noted that the error of TC error determination obtained using the simplified 
version of the MST will be somewhat lesser than the actual one. This because the error of the 
correction of the error due to drift of CC contains the error of its primary calibration (when 
putting a TC into operation) and the error due to drift of CC those TC sections that are in 
short-term operation during determination the TC error in situ as well as other errors. 
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