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Abstract

More and more attention is being paid to non-destructive testing of connecting elements. Currently, ultrasound
control is widely used. A prerequisite for an effective and reliable process of ultrasonic testing is the grain size
of the analysed metal. One option for influencing non-grain size of a steel part is to vary the heat treatment
and tempering conditions. As part of the study, an assessment was made of the heat treatment modes of steel
parts for grain size. It has been established that by changing the heat treatment and tempering regime it is
possible to obtain grain with a size of 3-5 points. The optimal mode of the heat treatment process was selected,
which allows to obtain the minimum grain size of 4-5 balls that is acceptable for ultrasonic testing.
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1. INTRODUCTION

Non-destructive testing processes for connecting steel elements are currently receiving increasing attention.
Failure of the connecting element under load can lead to human casualties. In the best case, a breakdown of
the connecting element destroys the structure, and long-term repair of the structure leads to high economic
costs, both due to the need to replace damaged parts of the structure (capital costs), and indirectly due to
equipment downtime [1-5].

An essential condition for the effective and long-term operation of the connecting element is a guaranteed
tightness, so it is not possible to remove the connecting element (bolt, rivet) without stopping the operation of
the structure or disassembling it.

In order to increase the service life of the connecting elements and the entire structure as a whole, an integral
part of the operation of any node is the timely detection of defects and the rapid replacement of the connecting
element, until the critical level of deformation and breakage of the node is accumulated.

There are many control systems for connecting elements, but most of them require the extraction of parts from
the assembly, which leads to forced production downtime, significantly complicating the control process. The
number of non-destructive testing methods is very limited and is represented mainly by physical methods
(ultrasound, gamma defectoscopy, etc.) [6,7].

Currently, for the timely monitoring of various metal structures, ultrasonic testing methods are used. Ultrasonic
control is used to check the condition of gas and water pipes, quality control of the seam when welding metal
or polypropylene parts. The use of the ultrasonic testing method allows you to quickly assess the state of the
structure during its operation. To use the method of ultrasonic testing in the process of evaluating the axial
stress of the connecting elements, there is a prerequisite that guarantees the reliability and reliability of the
data. For ultrasonic testing processes, the grain size of the steel should correspond to the specified parameters
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according to the technological documentation. It should be noted that this parameter varies depending on the
type of element being monitored [8,9].

According to the results of preliminary experiments, it was found that in order to achieve maximum efficiency
of ultrasonic testing of bolted connecting elements made of austenitic-martensitic steel grade 07XI6H6, grain
size should be at least 5 points. An increase in grain size above this figure leads to a decrease in toughness
and an increase in the cold brittleness threshold [10].

The main objective of this work is the selection of the heat treatment mode of austenitic-martensitic steel grade
07XI6H6 with the goal of obtaining grain size of 5 points. The data obtained will allow us to apply the process
of non-destructive ultrasonic testing of bolted and riveted connecting elements made of this steel.

2. METODS OF ANALYSES

The grain size was determined by microstructural analysis. The test sample was pre-treated with wet grinding
and polishing. The pre-ground sample was subjected to etching, as a result of which defects are formed on
the surface of the micro-section, which reliably determine the microstructure of the alloy [8]. In order to increase
the efficiency of grain detection, the samples that passed the etching process were subjected to isothermal
exposure at a temperature of 750 °C for 1 hour.

The surface condition was studied using a Metam PB-21-2 metallographic microscope. In the process of
metallographic analysis, the presence of non-metallic inclusions and the preliminary grain size of the metal
were determined. The exact grain size was determined by comparing microphotographs (100 times) of the
grain in the sample of the steel under study and a similar photograph of the reference sample.

3. METODS OF EXPERIMENTS

For steel sections cast from steel grade 07XI6H6 (chrome-nickel), the following heat treatments were
performed as it from Table 1 follows, where are also summarised grain sizes of the austenitic-martensitic steel
of the grade 07XI6H6 in dependence on conditions of the heat treatment process. Ggrain sizes at the same
magnification are demonstrated in Figure 1.

Table 1 Effect of heat treatment on grain size

Sample Grain point at Figure
No. Heat treatment mode %100 number
1 1200 °C/10 hours — 750 °C/1 hour/water 0-1

1200 °C/10 hours/water + 780 °C/1.5 hours + 680 °C/1.5 hours + 1000
2 °C/1 hour/water + 780 °C/1.5 hours + 680 °C/1.5 hours + 1000 °C/1 4-5 Figure1 B
hour — 750 °C/1 hour/water

1200 °C/10 hours/water + 780 °C/1.5 hours + 680 °C/1.5 hours + 1000
3 °C/1 hour/water + (-70)/2 hours + 650 °C/2 hours/water + 650 °C/2 4 Figure1 C
hours/water + 1000 °C/1 hour — 750 °C/1 hour/water

1200 °C/10 hours/water + 780°C/1.5 hours, + 680 °C/1.5 hours, + 625
4 °C/2 hours/water + 625 °C/2 hours/water + 1000 °C/1 hour — 750 °C/1 3-4 Figure 1 D
hour/water

1200 °C/10 hours/water + 780 °C/1.5 hours, + 680 °C/1.5 hours, +
1000 °C/1 hour/water + (-70)/2 hours + 780 °C/1.5 hours, + 680 °C/1.5
hours, + 780 °C/1.5 hours + 680 °C/1.5 hours + 1000 °C/1 hour — 750

°C/1 hour/water

4 Figure1 E
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Modes 3, 4 and 5 (respectively, Figure 1 C, D and E) allow to get grain with a size of up to 4 points, while
mode 2 allows to get grain with a size of 4 - 5 points. Modes 3 - 5 can be used to obtain grains of other sizes.

Figure 1 Microstructures of steel grade 07XI6H6 after different heat treatment modes at the same
magnification; grain sizes are summarised in Table 1

4. CONCLUSION

As aresult of a number of experiments, a heat treatment regime was developed for austenitic-martensitic steel
of the grade 07XI6H6, which allows obtain grain with a size of 4-5 points, which will effectively determine the
magnitude of the axial stress after tightening the bolts in the process of ultrasonic non-destructive testing.

To obtain a given grain size, heat treatment of steel should be carried out under the following conditions:
1200 °C, 10 hours, water cooling, then 780 °C, 1.5 hours, air cooling; 680 °C, 1.5 hours, air cooling; 1000 °C,
1 hour, water cooling; 780 °C, 1.5 hours, air cooling; 680 °C, 1.5 hours, air cooling; 1000 °C, 1 hour; 750 °C,
1 hour, water cooling. If it is necessary to obtain finer grain, it is possible to use heat treatment modes 3 - 5
(Table 1).

Based on the data obtained as a result of the study, a heat treatment process has been developed for parts
that can produce grain of a given size (4-5 points) and simplify the system of ultrasonic monitoring of the state
of the connecting elements, which will further reduce equipment downtime and prevent the risk of accidental
fracture of the connection.
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