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The contact thermocouples introduce method errors into the thermal tests results. The in
uence
of the parameters, like the density of the incident thermal 
ux, the inaccuracy of the thermocouple
position in the investigated construction element groove, thermal characteristics of the groove materials,
on the method error is given. The obtained results allow one to increase the precision of temperature
measurement at the construction unit thermal tests.
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Thermocouple sensors are widely used at the thermal tests of the aircrafts construction
units on the radiation heat test bench for the thermal regime reproduction control. Such
measurements with the help of the thermocouple sensors of the instrumental errors, caused
by nonlinear thermal properties, and structure changes etc., with the help of thermocouple
sensors are given in articles [1, 2]. Different analytical solutions of the stationary task
about the method errors of construction surface temperature measurement are produced in the
article [3]. Also there are extensive and detailed studies of the method errors that appeared
at the setting of the welded and glued thermocouple sensors for different heated conditions
in the thin-walled metal construction [4]. Moreover, ceramic, composition, and laminated
materials permitted of the various contact sensors setting ways are widely used at up-to-date
constructions designing. The information about method errors of temperature measurements
in such materials is unsystematized and fragmentary.

The investigation results of the temperature ˇeld measurement errors of the composite
sample at the setting of the sensor into the groove at some depth are presented in this article.
The thermal conductivity value of the composition materials that are used in the up-to-date
aircraft at high thermal load is one or two orders less than the same index for the metals. It
leads to the appearance of the large temperature gradient dependent on the sample thickness.
In practice the reproduction of the dynamical temperature ˇeld on the sample surface at the
thermal testing is often realized by thermocouples that are placed at some depth near the
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heated surface without taking the method errors into account. In this case the method errors
are determined by the dramatically difference between the temperature on the surface and the
one in the sensor setting place.

One can assert that taking into account the high accuracy of the modern measuring instru-
ments, the decrease of the measurements precision is the result of the method error in
uence
generally [4]. On numerous occasions two kinds of method errors like thermocouple errors
measuring the temperature near the contact area, and errors caused by the heat abstraction
through thermocouple thermoelectrodes make the most essential effect on the temperature
measurement precision [3]. In many cases it is so difˇcult to estimate these errors as they
depend on a great number of the factors. Nevertheless we succeeded to determine the error
value for a whole series of tasks owing to the creation of the 3D model of the sample used
for heat runs (Fig. 1).

Fig. 1. The model of the unit under test

The sample is a parallelepiped of the heat-shielding material with the rectangular groove
0.6 × 0.6 mm, and the length is 6 mm. The chromel-alumel thermocouple is placed into it
(the thermoelectrodes diameter is 0.2 mm, the thermojunction diameter is 0.5 mm). The ther-
mocouple model is an aggregate of the separate construction units; and the thermoelectrodes
are the cylindrical rods possessing an ideal contact with the ball that is simulated the thermo-
junction. The propagation of the heat through the thermoelectrodes is taken into account in
the analysis. With the purpose of the ˇxation of the thermocouple the groove is ˇlled with
the glue. The whole heating surface is covered by the layer of the lacquer coating to make
it equally black (ε = 0.9). Unless another is said, let us consider that the thermocouple axis
coincides with the longitudinal symmetry axis of the groove.

In Fig. 2 the layout of the control points is represented: T1 is the temperature of the heated
surface of the unit under test far from the thermocouple setting place, T2 is the temperature
in the center of the thermojunction if the longitudinal thermocouple axis coincides with the
longitudinal symmetry axis of the groove, T3 is the temperature in the point placed far from
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the thermocouple setting place at the same depth as the sensor junction center, T4 is the
temperature of the heated surface of the unit under test in the point placed on the vertical axis
passing through the sensor junction center (the distance between point couple 4 and 2, 1 and
3 through the axis is equal to 0.56 mm), T5 is the temperature in the junction center if the
longitudinal axis is removed upstairs relative to the groove axis for a distance of 0.005 mm.
The choice of the control points place is connected with the various exploration problems.

Fig. 2. Control points: 1 Å T1; 2 Å T2; 3 Å T3; 4 Å T4; 5 Å T5

For example, if it is needed to determine the true temperature in the thermojunction setting
place, it is expedient to compare the temperature in points 3 and 2. If the thermocouple
junction is placed at some depth, and if it is necessary to control the temperature of the
sample surface under the experiment with the help of such thermocouple registrations, it is
convenient to compare the temperature in points 1 and 2, etc.

The solution of the 3D nonstationary thermal conductivity problem is found with the help
of the ˇnite-element method realized by the program package Nastran. The ˇnite elements
(FE) in the form of the tetrahedron are used in the simulation of the sample-sensor system.
This form of the FE is stipulated the rather precise and the higher stable simulation of
the thermoelectrodes and the thermojunction compared with the case when the FE have the
parallelepiped form. The sample is heating by the radiant heat 
ow with the constant value
that changes from 50 to 250 kW/m2. In that way the resulting 
ow is the difference of the
absorbed and irradiated 
ows (Fig. 3):

qres(T ) = Aqinc − εσ(T 4
1 ) = qabsorb − qirrad(T ).

Fig. 3. The resulting 
ow
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It is clear that the most marked change of the qres occurs in the interval from 0 to 5 s,
and depends on the incident 
ow value. By the simulation on the lateral and lower faces of
the sample-sensor system the thermal 
ow takes on a zero value.

The geometrical model is a quarter of the real unit under test in the investigation. The
possibility of such a simpliˇcation is governed by the symmetry of the sample and the fact
that the properties difference of two thermoelectrodes materials has a marginal effect on the
method errors. In [5] it was shown that the values �T12(t) differ less than 0.15% for chromel
and alumel thermoelectrodes for the same value of the thermal 
ow density. That is why it is
acceptable to consider the thermocouple with the thermoelectrodes having the same properties
for the calculations time reduction.

Also the thermocouple forms often used in the calculations of the thermal ˇeld by the
analytical methods of the simpliˇcation are investigated. The sensor may be presented as the
rode with the square section having the same surface square as the rode with the circular
section. The results obtained with the help of models 4a and 4b were compared with the
results of the model of the thermocouple with the spherical junction (see Fig. 1).

The using of the simpliˇed sensor models in such calculation methods as the method of
elementary balances, analytical methods, etc., is warrantable because the method errors values
introduced by each of the considered thermocouple model differ one from each other not
more than to 1% by the mentioned thermal in
uence.

The heating by the thermal 
ow creates on the surface of the unit under test the deˇnite
temperature regime T1(t). However, in practice at the thermal tests the registrations of the
thermocouple sensor placed at the deˇnite depth into the specimen material T2(t) are used
for the dynamical temperature surface ˇeld control.

The method error in that case is determined by the gradient of the temperatures dependent
on the sample depth and the presence of the thermocouple inside the material.

The in
uence of the temperature gradient on the method error is governed by the difference
of the temperatures �T13(t) = T1 − T3, but the distorting effect of the foreign bodies
(thermocouple and glue) is governed by the difference of the temperatures �T32(t) = T3−T2.
As a result, the method error value is equal to the difference �T12(t) = T1−T2 = �T13(t)+
�T32(t) (Fig. 4).

Fig. 4. The dependence of the method error on time for different values of the incident thermal 
ow
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It is clear from Fig. 4 that the maximum error value is achieved on the ˇrst stage of the
experiment. The heating character determines it. On the picture the approach of the curves
on the time interval from the 15th second means that the character of the process becomes
®regular¯, and the error value depends heavier on the geometric and thermal characteristics
of the sample-sensor system, than on the incident thermal 
ow density.

The thermocouple may move from the longitudinal groove axis, for example, to the
surface (in this case the quantity of the removal is equal to �htc = 0.05 mm, which is
about 8% of the groove depth). That removal of the thermosensor from the longitudinal
groove axis may also in
uence the method error. In that case the error is determined by
the temperature gradient through the sample thickness and takes into account the temperature
difference in the junction center of the ®unremoved¯ and ®removed upwards¯ thermocouples:
�T15(t) = T1 − T5 = �T12(t) + �T25(t).

The performed investigation showed that the contribution of the inaccuracy of the ther-
mocouple setting place to the considered thermal 
ows just on the initial heat stage is not
more than 5% with the inaccuracy of the thermocouple setting place not more than 8%.

During the investigation of the method errors dependence on the thermal properties of the
glue it is ascertained that if we change its density and thermal capacity twofold, their in
uence
on the method error is of great importance in the interval till 20 s and is about 15%. And if
we change glue's thermal conductivity twofold, its in
uence on the method error is of great
importance in the whole considered interval and is about 11%. During the investigations it
was determined that the in
uence quantity of the glue's thermal capacity and density on the
method error is larger than the in
uence quantity of the thermal conductivity. It means that
the material with the lower value of the product Cρ solid thermal capacity is preferable.

For the changing of the construction thermal ˇeld, for example, for its smoothing, the
radiation properties of the surface may be used (for instance, ε is the blackness value). In
this case during the preparation for the experiment the cover with the variable coefˇcient ε is
placed on the unit under test surface. In that way the cover has the maximum value of the
blackness in the area of the surface under the thermocouple. The variation interval of the ε
through the heat surface is considered from 0.2 to 0.8 (Fig. 5).

Fig. 5. The model for the investigations of the in
uence of ε to the method error
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For the investigation of the in
uence on the method error of the blackness value the
calculations of the temperature ˇeld of the sample material with the constant value of ε on
the surface in the interval from 0.2 to 0.8 is performed.

The value of the method error is determined by the following formula: �T12(t) = T1−T2

(Fig. 6).

Fig. 6. The dependence of the method errors on the blackness value of the cover

During the investigations it was ascertained that the value of the method error increases
with the increase of ε. And the method error value achieves its maximum value in the
interval from 0 to 100 s. In the interval below 600 s the increase velocities of temperatures
T2(t, ε = 0.2) and T2(t, ε = 0.8) dramatically differ, so the increase velocity of the method
error for the cover with the ε = 0.8 is larger than that for the cover with ε = 0.2.

To increase the precision of the temperature measurements and the accuracy of the deˇnite
temperature regime reproduction of the construction elements from the low heat-conducting
materials on the surface during the tests on the radiation testing bench, the following is
necessary:

Å to obtain the dependence of the temperature T2(t) experimentally;

Å to calculate the dependence of �T12(t) taking into account the probable removal
displacement of the thermocouple, the properties of the glue, qinc, and the heated surface
blackness quantity;

Å to use the values of T1 adjusted taking into account the method error value in the
automatic bench operation system: �T12(t) = T2(t) + T12(t).

If the deˇnition of the material thermal properties is the aim of the tests, then the re-
quired dependence of the temperature in the point the coordinate of which coincides with the
thermosensor junction setting place T3(t) (see Fig. 2) may be obtained by the calculations
taking into account the method error value �T32(t) with the help of the following formula:
�T3(t) = T2(t) + T32(t).
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