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Abstract

The traditional inspection of fittings used in the electrical industry is a cumbersome, dangerous process in
terms of safety and operation. However, with the spread of thermography, these tests can be performed sim-
pler, faster, and more safely through electrical connections. This article presents the possibilities, measure-
ment difficulties and the advantages of thermography analysis [1-2].
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1. Introduction

There are a large number of electrical fittings in
the electricity industry. Most of which utilize cop-
per, steel, aluminium and their alloys [3-8]. Due
to differences in the potential of different mate-
rials, galvanic corrosion may occur. This process
can lead to failure of the joint. The increased re-
sistance causes heat generation is shown in Figu-
re 1. and Figure 2.

Therefore, we have used a thermal imaging
procedure over the past few years. The benefits
include safe and uninterrupted measurement.
Previously we investigated the relationship bet-
ween heat development and current.

Our measurements could only be accurate wit-
hin a certain tolerance as metals can change

Figure 1. Galvanic corrosion affected damage

their electrical resistance due to heat, which can
only result in thermal evolution according to the
degree of heating. In this paper, we test copper
and steel used in the electrical industry. The cop-
per-steel coupling resistance varies as a function
of the temperature.

1.1. Resistance to the temperature depen-
dence

If a metal is subjected to a strong heating effect,
its resistance increases. It can be stated that the
resistance generally depends on the temperatu-
re [9, 10]. For metals, the temperature increases
proportionally, with semiconductors, coal, and
electrolytes proportionally decreasing. Examined
at extremely high temperatures and relatively
small intervals, the specific resistance p of the

Figure 2. Galvanic corrosion affected damage
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metals in question is proportional to the tempera-
ture range tested [11].
The applied relationship (1):

BP0 —o¢ (t — t,) (1)
Po
where:
p = specific resistance (Qm),
a = temperature coefficient (1/C°),
t = temperature (C°).
Instead of the specific resistance, we can use the
concept of equivalent electrical resistance, and
then our relationship is as follows (2):

R=R,, (1 +a, At @)

where:

R = electrical resistance (Q),

R,, = Resistance on 20 C° (Q),

a,,= Temperature factor on 20 C° (1/C°).

The resistivity of the copper and steel fittings
used in industry as a function of temperature is
shown in the graph below (Figure 3.).

In our case, it is not necessary to extend the
temperature range (0-700 °C), as the harmful war-
ming of the abnormally fast electrical binder can
be done in this interval.

Figure 3. Resistance versus temperature [6]

1.2. Non-contact temperature measurement

The infrared-based temperature measurement
and thermal imaging method depend on the heat
radiating ability of the bodies. Temperature ra-
diation is the process that emits electromagne-
tic waves due to heat movement in the material.
Much of this energy can be emitted or reflected
on another body and can be transmitted. If radia-
tion arriving on the test body is absorbed without
any remaining excess heat, then we are dealing
with an absolutely black body.
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In practice, we use the laws of physics. The
infrared range of the electromagnetic spectrum
emitted by the surface of the object under consi-
deration is measured with the thermal camera
and transformed into an electric signal [6-7]. The
accuracy of our measurement data is mainly de-
termined by the instrument specification itself,
the medium of the object to be measured and the
surface of the object to be measured. The wavel-
ength of the light we perceive varies between 0.4
and 0.75 pym. The infrared range may differ from
this range between 0.75 and 20 um. In heat detec-
tor analysis practice, we can examine this range.

2. Examination of electrical fittings

Our goal is to determine the resistance of a ste-
el-copper pair depending on the temperature.
How much does it contribute to the electrical re-
sistance of a steel-copper connection with high
contact resistance with galvanic corrosion? What
degree of resistance is represented by the gene-
ral electrical contact used in the industry when
considering only the parameters examined by
warming?

On the base of the literature data, the specific
resistance (and R resistance) is not significantly
considerable about the view of the temperature.
Nevertheless, it is important to know how its va-
lues develop if we are not testing it under labora-
tory conditions. In our case, an everyday copper
rack and a steel screw are the subjects of the test
(Figure 4.).

The measurement is performed in the assemb-
led condition, tightening the screw with the cor-
rect torque. Due to the magnitude and accuracy of
the resistance value, we work with a Wheatstone
bridge measurement method. The applied ther-
mal imaging camera ensures contactless tempe-
rature reading without interruption [12]. The he-
ating of the electric joint component is supported
by a precision electrical heater. The schematic di-
agram of the measurement is shown in Figure 5.
and the setup of the measurement is shown in
Figure 6.

Figure 4. Fittings
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2.1 Measurement results

During the experiment, five series of measure-
ments were prepared and after error calculation,
the following results were obtained (Table 1.):

The resultsof resistence as a function of the tem-
perature, shown in the next diagram (Figure 7.) .

By evaluating this, we can conclude that the
course of the function is similar to pure conduc-
tive materials of high precision, accredited labo-
ratory conditions, showing linearity.

Figure 5. Schematic diagram of the measurement

Figure 6. Setup of the measurement

Table 1. Measured values

Number Temperature Resistance
ce Q
1. 254 0.1
2. 309 0.2
3. 360 0.3
4. 410 0.4
5. 460 0.5
6. 505 0.6
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Figure 7. Resistance ratio temperature dependence

3. Conclusions

The aim of our study was to examine the resis-
tance of the current-conducting components used
by the electrical industry as a function of tempe-
rature. Is it different and, if so, how much does it
deviate from the literature values? The difficulty
of the measurements and the accuracy of the eva-
luation were given by the differences in produc-
tion, given that a multimember assembly was the
subject of the test. Comparing the temperature
factors for each material found in the literature
with the copper-steel component we find the fol-
lowing:

The copper and steel temperature coefficient
varies between a,, = 3,92-10 and 4,2:107. During
our measurement, we have shown a multiple or
even a magnitude increase of 250 °C to 500 °C (30
—40-10%). EAt these temperatures, therefore, one
piece of one Ohm resistive material changes its
value by 1 °C. The resistance of the electric fittings
exposed to the aforementioned contact corrosion
is therefore not only increased by the increase of
the transition resistance. We must also account
for the increase in the resistance of the material
in this way, especially if it is necessary to accura-
tely keep the temperature characteristics of a
component: according to the results of this paper,
depending on the current, several different 10 °C
differences may occur. Other factors influencing
the resistance may also include mechanical (pres-
sure and stretching) of electrical components.
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