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Abstract. The individual construction elements are exposed to varying forms of loading, which correspond to
the symptoms of degradation. In the analysis of degradation it is necessary to choose an approach that will lead
to determine the actual causes of its origin. For determining the causes of degradation of objects currently wide
variety of methods and equipment are available. It is necessary often to have in mind the economic viewpoint of
the used method of analysis. It follows effort to create an approach for the educational process that passes
information to students about choosing the methodologies and equipment. The present paper theoretically and
practically introduces the possibility of a comprehensive approach that gives students the skills to detect the
causes of degradation in selected parts of the energy equipment. This is an approach and examples for students
studying technical fields. Students can apply this information during their studies in solving practical problems
in the subjects such as Materials Science, Wear, Degradation of Metal Materials.
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Introduction

The design elements and technical objects are loaded with a number of factors during their
lifetime, which leads to decrease of the functional properties and to degradation, resulting in failure of
the material [1; 2]. For users, this represents in the best case economic losses, in the worst case there is
danger to life. These, as well as less catastrophic impacts, lead to failure on components and units,
leading to the need to predict the material behaviour by operational conditions [3; 4].

The technical object can be characterized as any technical portion structural member, which may
be isolated or forms a part of the assembly. Technical object (TO) has a definite geometric shape,
morphology, size, chemical, physical and mechanical properties [5; 6].

The state quantities of TO are related to the action on the object, object properties, bond structures
and manifestations of the object. They depend on the nature of state variable change over time, may
extend these changes continuously or in steps. Some of these changes may cause such a condition,
which is inadmissible for another function. Unacceptable conditions may occur during manufacture,
handling, operation or repair. These states are in technique known as limit states [5-8].

According to [8] the limit state is a state of the material or component, in which the result of small
changes in external or internal factors, about a certain (critical) size and time of their action material,
component by jumping lose, functional and utility properties, or gradual change of function and
properties of materials, reaches a critical value. Limit states that may be in operation occur, and if not
removed, will cause degradation or even crash of the object. Degradation technical object can be
defined as a permanent, functionally undesirable change of the surface dimension of the technical
object resulting from a wear mechanism [9]. According to [10], the term degradation (damage) means
the changes in the properties of the material during its use making this material gradually to become
unsuitable for a given application. The degradation process can be triggered by factors, which under
the operational load can lead to combination. Some are caused by mechanical loading of the material
(plastic deformation, fracture, fatigue, wear), others by mechanical forces applied, also corrosive
action, etc. But always undesirable change appears in the original characteristics that can be
deformation, structural or include surface geometry, which leads to an overall reduction in the quality
of the TO. TO degradation can occur by changing the material characteristics, the occurrence of cracks
or stress changes at or below the surface of the material of the TO, etc.

Consequences of degradation processes in technical objects (TO) not only lead to undesirable
changes in the properties and the consequent shortening life cycle of TO, but also to economic losses
and threats to user safety subassembly. Therefore, it is necessary to apply a systemic approach for
evaluating the degradation processes.

Proposal of the methodology for the comprehensive approach to degradation processes is focused
in this work on selected technical objects made from metal materials. This belongs to the group of
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materials having common characteristics and response during external action on TO. The proposed

methodology for comprehensive approach to degradation processes [10; 11] has the following main

steps:

location and description of the manifestations of degradation TO,

theoretical analysis of internal and external factors of TO,

description of the actual state of TO and the actual conditions in which it was issued,

comparison of theoretical factors with real factors — to determine the factors that may cause

the limit states and degradation processes TO,

e evaluation of degradation TO - TO analysis using microscopy techniques, destructive and
non-destructive testing [12-15],

e processing of results, determination of the causes of degradation TO,

e conclusions for preventing degradation processes TO, respectively reducing of TO
degradation [3; 4; 7; 10].

This paper aims to show a comprehensive approach in the educational process, which conveys
information to students for selecting the methodologies and equipment. The present article, therefore,
theoretically and practically introduces the possibility of the comprehensive approach, so that students
acquire the skills to uncover the causes of degradation in selected parts of the energy equipment.

Materials and methods

An example will follow for students of the process and the use of adequate methodologies for
assessing the causes of degradation. Metallographic procedures using light and electron microscopy
are often used in the practical solution of degraded objects. These adequately reveal the causes of
degradation manifestations. A comprehensive approach to evaluating degradation of parts of the
power equipment is presented by two technical objects. In the paper they are identified as a technical
object number 1 and 2.

Technical object 1 - TO 1
Location and description of the manifestations of degradation TQ: occurrence of diagonal
cracks, cohesive failure of the outer surface of the pipe.

Description of the actual state of TO: for analysis of thesample a specimen was taken from
tubes @ 32 x 6 mm, material of the pipe CSN 41 5020.1, i.e. steel shall be normalizing. The maximum
permissible temperature of the tube wall load is 420 °C, cca 20 years of operation.

Theoretical analysis of internal and external factors: Internal factors: material — microstructure
heat treatment, inclusions, surface - roughness geometry technology — casting method and forming of
tubes. External factors: pressure, temperature, corrosion loading, wear and tear.

Evaluation of degradation TO

Visual evaluation: on the surface: there was a cohesive failure with a large number of diagonal
oriented cracks. The increased roughness, surface geometry and distinct uneven distribution of
corrosion products are shown on the tubes, Fig. 1. The damaged inner tube surface is shown in Fig. 2.
The crack was initiated on the outside surface, spreading the material towards the inner diameter of the
pipe. Even this surface was attacked unevenlyby distributed corrosion products.
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Fig. 1. TO 1, outer surface of the tube
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Fig. 2. TO 1, inner surface of the tube: a — crack; b — detail

Chemical analysis: chemical analysis was performed by spectrometry. The declared values
observed were compared with the standard material to verify the quality of the tube material. The
results of the analysis are show in Table 1, including the specified values, which correspond to the
declared material according to the CSN 41 5020.1.

Table 1
TO 1, element content in steel CSN 41 5020.1
Elements C Mn Si P S Cr Ni Mo A\
TO 1 0.20 0.59 0.26 0.02 0.02 0.21 0.07 0.32 0.03
Y 0.12 0.50 0.15 max. max. 0.25
CSN415020 | 15 | 080 | 045 | 004 | 004 | - “loss |

Microscopic analysis: before the microscopic analysis the pipe samples were metallographically
prepared and subsequently etched.

The microstructure of the tube material is formed of ferritic and pearlitic grains, which have a
non-uniform size, Fig. 3. It does not match the required heat treatment, namely the state after
normalization annealing.

Fig. 3. TO 1, microstructure, cross sectional view of, etching: a — ferritic-pearlitic grains; b — detail

Type breach of the outer and inner surface of the tubes is shown in Fig. 4. The depth of corrosive
attack on the outer surface of the material achieves to half the wall thickness. The outer surface of the
pipe thus exhibits corrosion attack and exhibits cracks, which are oriented perpendicularly to the
propagation direction of the medium in the pipe. The transversely extending cracks are likely to have
originated in the corrosive stress conditions in the pipe wall caused by temperature changes
significantly when spraying the walls with boiler water. Cracks are tipped with sharp notch, which is
covered with corrosion products. In locations cracks occur during pipe expansion and stress
concentrations can be expected that the areas thus damaged will cause leakage.

On the inner surface corrosion attack is very small and the maximum depth is max. 0.2 mm.
Degradation of the inner surface of the tube was induced by corrosive attack in the form of pitting,
Fig. 4 b.
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Fig. 4. TO 1, details of corrosive attack: a — the outer surface; b — the inner surface

Technical object 2 -TO 2
Location and description of the manifestations of degradation TO: gaping longitudinal crack
in the medium flow direction. The sample was taken from the evaporator in the pipe bend, Fig. 5.

Description of the actual state of TO: the tube evaporator dimensions @ 32 x 6 mm, the material
of CSN 41 5020.1. Operating conditions: pressure 20 MPa, design temperature of the tube wall
420 °C, medium temperature 315-370 °C and around 20 years of operation.

Theoretical analysis of internal and external factors: Internal factors: material —
microstructure, heat treatment, inclusions, surface - roughness geometry technology — casting method
and forming pipe. External factors: pressure, temperature, loading corrosion, wears.

Visual evaluation: The pipe surface was covered with thick layers of slag and all baked.
Cleaning surface was seen wrinkling in the longitudinal bending, the crack openings have length
50 mm, width 20 mm, Fig. 6. The wall thickness of the original size of 6 mm changed in the location
of the interruption on the surface cohesion on 1.5 mm, Fig. 7.

67RO 234!

Fig. 5. TO 2

Fig. 6. TO 2, damaged pipe Fig. 7. TO2, changing thickness of pipe

Chemical analysis: Table 2 shows the results of analyzes including the specified values, which
correspond to the declared material according to the CSN 41 5020.1.
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Table 2
TO?2, element content in steel CSN 41 5020.1

Elements (hm. %) C Mn Si P S Cr Ni Mo \%
TO2 0.13 ] 072 ] 030 | 0.02 | 0.01 | 0.20 | 0.06 | 0.31 | 0.02
CSN 41 5020 0.12 | 0.50 | 0.15 | max. | max. - - 0.25 -
0.20 | 0.80 [ 0.45 | 0.04 | 0.04 0.35

a)

Fig. 8. TO2, tube surface: a — the outer surface; b — the inner surface

Microscopic analysis: Fig. 8 shows the details of the outer and inner wall surfaces of the pipe
cracked protective oxide layer. The pipe cross-sectional detail of the damaged oxide layer outside and
inside surface is shown in Fig. 9. The thickness of the oxide layers is 0.25 mm on the outer surface,
0.1 mm on the inner surface.

a) b)

o

Fig. 9. TO2, cross sectional view of, the oxide layer: a — the outer surface; b — the inner surface

The pipe material has a ferrite-pearlite structure (Fig. 10 a) with a heterogeneous grain sizes. The
area of destruction (Fig. 10 b) is characterized by significant structural degradation consisting in
breaking the original composite structure to ferrite unevenly distributed carbides. There are cracks
visible in cavities at grain boundaries, which are the side effect of creep.

a) , "= . b
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Fig. 10. TO2, microstructure, cross sectional view: a — inner surface, outside the region of
degradation, magn. 500x; b — inner surface, in the region of degradation, magn. 500x
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Discussion

The internal and external factors were determined for TO 1 that may cause degradation of the
object. Based on the analysis it can be concluded that the object damage occurs due to the action of
stress and corrosion. As a probable cause of this type of damage appears insufficient dilation and
cyclic loading, caused by bad functioning of the cleaning device. In this it caused signs of degradation
mainly by external factors — stress and corrosion loading. Recommendation: to remove the cause of
degradation of the object, i.e. carry out inspection of adjustment of the water sprayer walls of the
combustion chamber.

TO 2: based on analyzes it can be concluded that the object was damaged due to excessive
exposure to stress in the increased thermal stress with a typical course of the crack. Increased thermal
stress can be caused by insufficient flow of the cooling medium. In this case it caused degradation
signs of external factors — the tension and exceeding the allowed limit for heat stress.
Recommendation: places where the pipeline at present has degradation are not possible to locate and
even predict the formation of the actual degradation. This is often associated with reductions in the
flow of the cooling medium, a result of which there is a significant temperature increase above the
acceptable values resulting in the creep of the material and, in the worst case, appearance of cracks and
the formation of fracture surfaces. Generally, it is necessary to inspect the flow of the medium in the
chamber, from which the water-steam mixture is supplied to the exchanger tubes.

Results and conclusions

The paper presented a comprehensive approach by the search of the causes of degradation of
selected technical objects from the field of energy equipment. This includes a set of processes that lead
to determine the actual causes of degradation processes. The first step is a description of the problem
situation, which contains a set of information about what is really a technical object exposed. Before
analysis is it necessary to analyze the internal and external factors, which could theoretically give rise
to degradation processes. The results of this analysis narrow the selection tests, which will be needed
to ensure a relevant result to determine the actual causes of degradation of the technical object. The
next step is to perform selected analyzes, processing of results, their discussion, the determination of
the causes of degradation and especially the recommendations on what to do in order to avoid
degradation of, or slowed down the degradation process to an economically acceptable level, but
always with regard to the safety of the technical object.

This process teaches students to look at the analyzed object comprehensively, that is, track it since
the creation of the work piece of the object to the state where degradation processes started. And also
to use methods of research materials that will lead to definite results. The outputs of the analyzes of
the objects that have the same start-inducing degradation processes, can serve as a portfolio of
boundary conditions for simulation creation of degradation processes in the load environment.
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