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Abstract: In this paper is shown the comparison of different methodologies for defining the quality of base material due repair
welding as one of the basic and initial problems during repairing of damaged parts or machine equipment. The problem of defining
the quality of base material is reflected in the impossibility of undertaking the next step of the procedure during repair of the
damaged part, development of welding technology etc. The quality of repaired previously damaged machine part depends on the
successfully defined quality of the base material. In addition to the analysis of discussed methodologies, the paper also provides a
diagram of the decision flow between different methodologies. The overall analysis was performed in the company HBIS GROUP
Serbia Iron & Steel, Smederevo.
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1. INTRODUCTION

During all these years, repair welding remained an insufficiently defined scientific and technological field, despite the
exceptional technical improvements in welding, as well as new materials research. Unlike the production welding,
repair welding is usually more complex due to several unknown elements and factors that follow repair welding
process.
Most metallic materials have a good weldability or can be welded under certain condition [1, 2]. After failure of
machine/construction parts repair welding can took place instead of replacing damaged part with new one. However,
preserving the characteristics of the material after repair welding can be very difficult to achieve or may require good
designed technology process. In order to perform a good repair welding technology on damaged part, it is simply
necessary to know the composition of the base material as well as all its characteristics (mechanical, physical etc.) This
is also necessary in order to prepare and determine a successful repair welding procedure. The designation as well as
characteristics of base material can be given by machine manufacturer, or material manufacturer, on technical
documentations etc. If necessary, the chemical composition of the base material could be analyzed, even if designation
of material is known. This could be caused by exploitation condition as well, i.e. condition that can change chemical
structure and composition of material. But sometimes the base material of damaged part could be just unknown which
could be caused by several reasons. One of them is just a fact that damaged equipment (that could be easily repaired,
e.g.) is very old, causing the loss of required documentations [3]. Unknown characteristics of base material could lead
to establishing bad repair welding procedure, which could lead again to – failure.
In this paper are discussed few different methodologies for defining the quality of base material due repairing by
welding, which could be one of the basic and initial problems during this process. The problem of defining the quality
of base material is reflected in the impossibility of undertaking the next step procedure during repair of the damaged
part, development of welding technology etc. A proposed algorithm represents original approach and provides the steps
on “decision flow” during repair. This algorithm is designed in order to help engineers in decision making due
establishing and creating appropriate repair welding procedure.

2. PROPOSED ALGORITHM

Defining the quality of the base material represents one of the major problems due the repair welding of damaged parts
or constructions. In practice, several cases can be distinguished. According to aforementioned, the way to define the
quality of the base material of damaged part which needs to be repaired can be presented with algorithm in Fig. 1. The



first question defines two basic ways (branches) on further algorithm steps – are there any drawing or technical
documentation? In further chapters of this paper are given detailed explanations of this algorithm, leading it to final
steps – established repair welding technology.

Figure 1: Algorithm and steps of defining the quality of base material

2.1 Defining the quality of base material based on technical documentation

As can be seen from the algorithm in Fig. 1, the simplest case represents the one with complete technical documentation
or drawings of the part/construction. Based on the material designation (according to relevant standards, e.g.), chemical
composition and mechanical properties of the base material can be obtained from these documentation, which represent
good ground for defining the welding procedure, additional (filler) material, adequate heat treatments, i.e. data
sufficient for development of repair welding technology [4-7].
One of the most complete databases of steel materials is Total Materia database [8], which provides:

 the largest data source in the world, database with material properties with more than 12 000 000 records, for
more than 450 000 materials.

 the most powerful system of comparison tables; the fastest and most comprehensive system of international
comparison tables, with a unique categorization of equivalents and with the additional application of
SmartCross technology, which represents a patented algorithm based on artificial intelligence.

 advanced calculation properties; the largest collection of data on stress-strain, fatigue, and plasticity curves.
Besides that, it supports linear and nonlinear calculations and opens up new possibilities during construction
designing.

 unique material identification; based on the patented chemical composition-based metal identification
algorithms recognized by leading spectrometer manufacturers around the world, which allow the identification
of unknown materials per second.

 certified quality, reliable and always updated data; high quality and maximum reliability, unique multiple
certified quality of process and information security in industry, with a unique update policy, including the
possibility of uploading of data for each material.
All aforementioned is illustrated in Fig. 2.



Figure 2: Total Materia database

2.2 Defining the quality of base material based on examination of chemical composition

In most cases, there is no documentation or any data on the quality of damaged part material. In these cases, if it is
possible, a sample needs to be taken from the damaged part (a small plate with a minimum diameter of 40 mm and a
thickness of 5 mm) with order to perform the chemical composition examination. Examination of the chemical
composition needs to be performed on adequate equipment, such as spectrometer (Fig.3).
Quantometers or spectrometers are automatic spectral devices with photoelectric spectrum registration which provide
direct measurements and readings from them. While the photographic registration of the spectrum requires a special
procedure for measuring and evaluating the blackening of the emulsion, the quantometer directly determines the
intensities of the spectral lines [1]. The advantages of such measurement are:

 fast analysis
 high accuracy
 higher precision at higher contents
 linear dependence between concentrations and intensities in a wide range of concentrations
 possibility of comparing distant spectral lines
 possibility of automation.

a) b) c)

Figure 3: a) iSpark Series Optical-Emission Spectrometer; b) ARL 4460 Optical-Emission Spectrometer;
c) Procedure of examination of chemical composition of sample

Optical emission spectrometers (such as ARL 4460 and 3460) are used for simultaneous examination of concentrations
of chemical elements in samples with Fe base (iron and steel) [9, 10]. Quantometers or spectrometers with direct
reading are automatic spectral devices with photoelectric registration of spectrum. While the photographic registration
of the spectrum requires special procedure for measuring as well as evaluating the blackening of the emulsion, with
quantometer intensities of the spectral lines can be directly determined. Such devices are very expensive and in
possession of large companies and institutes.
Testing of mechanical properties requires taking samples of larger dimensions and longer testing period (which includes
test samples making). Taking larger samples further affects the geometry of already damaged or broken part or
construction.



2.3 Defining the quality of base material based on visual inspection

Based on the visual inspection and appearance, using methods such as color identifying, or magnet, it is possible to
determine and evalute a group of the material from which it is made (i.e. steel, stainless steel, cast iron, cast iron,
copper, bronze, brass, aluminum etc). It is known that all metals are gray, except copper, which is red, and gold, which
is yellow.

2.4 Defining the quality of base material with spark testing

By grinding the machine part surface and comparing it with reference materials, it can be confirmed precisely to which
group of damaged part material belongs. Experienced technician and engineer can determine it with great certainty.
Spark testing is used because it represent quick, easy, and inexpensive way of testing and determining the chemical
composition. Test samples do not require any preparation, thus a piece of scrap can often be used for testing. The main
disadvantage to spark testing is its inability to identify a material positively. The spark comparison method also
damages the material being tested.
Figure 4 shows some examples of the spark testing of the different steels. In the Fig. 4a and b are given spark testings of
X12NiCrSi35-16 and 42CrMo4 steels, respectively,

a) b)
Figure 4: a) Burner pipe spark testing (base material X12NiCrSi35-16); b) Spark testing of 42CrMo4 steel

2.5 Defining the quality of base material with hardness testing

Most often, even if the base material is known, it is necessary to have additional information about material in order to
determine adequate welding technology of it, additional material, heat treatment etc. By measuring the hardness of the
material, obtained data need to be compared with the hardness values of reference materials (or steels). The hardness
values above 350 HV for non-alloy and 450 HV for low-alloy steels show high hardenability of steels as well as low
weldability [11, 12]. Based on the measured hardness value the strength of the material can be approximately
determined, as well as material denotation itself. Due hardness measuring, care should be taken of surface coatings
caused by heat treatments, such as cemented, nitrided, chromed one etc. Devices used for hardness testing have broad
application nowadays, epically in repair welding [3, 13]. Display of the hardness testing example is given in Fig. 5. The
hardness of the material can be measured with a rasp as well.

Figure 5: Hardness testing



2.6 Defining the quality of base material by replica method

This method represents a non-destructive method based on the analysis of damaged structure is possible to determine
the causes of construction failure [13, 14].
The imprint of the part micro-structure has to be performed using appropriate equipment. Before testing itself, it is
necessary to prepare the surface. The necessary steps during testing includes a grinding, polishing procedure, etching
the tested surface with reagents, while control of these steps can be performed using a small optical microscope. The
next operation is taking imprint from prepared surface with replica coated with a softener, by applying the replica on the
prepared surface. After a certain time, the dried replica has to be placed between two glass plates (operation of replica
method is given in Fig. 6).
The imprint on the taken replica can be observed on optical microscope, either on a mobile one or in a laboratory.
Based on the analysis of the tested surface imprints, with replica method testing it is possible to perform the following
assessments:

 the remaining life of the material in service
 types of defects on the material and the cause of their occurrence
 the cause for the construction/machine failure
 monitoring of micropores and cracks occurrence
 structural changes on welded joints
 corrosion damage of the metal surface.

Also, this method is often used in combination with other non-destructive testing methods such as magnetoflux,
penetrant, ultrasound methods of testing [15], or hardness testing [16].

Figure 6: Replica method testing procedure

2.7 Defining the quality of base material based on the machine part group material - similarity

Machine/construction parts are made of certain group of steels, which mostly depend on the type of loading that part is
exposed to. Based on that, in certain cases, the base material of damaged part can be approximately determined. For
example, shafts, sleeves, gears are made of tempering steel or cementing steel [17-19]. Wear-exposed parts, such as
excavator, crushers, are mostly made of manganese steel [19]. Crane structures are made of carbon structural steel [20,
21], while structures exposed to high temperatures are made of boiler sheet or fireproof steel [13, 14].
In the Fig. 7 are given group of the materials (steels and iron) divided according their application and resistances on
abrasion, impact loading as well as corrosion and high temperature.



Figure 7: Groups of steel and iron materials

3. CONCLUSION

A proposed algorithm given and created for easier definition of the base material quality due repair welding of damaged
parts aims to solve problems that occur in practice in many cases, concerning the definition of the quality of the basic
material. As pointed out in the previous chapter of this paper, the wrong assessment of the base material quality can
lead to the wrong welding technology establishment, and thus a poor quality of welded joints with catastrophic
consequences. Many damaged parts, on which it is possible to easily perform the repair welding procedure, simply do
not have all the defined parameters necessary for performing the repair welding procedure. The algorithm offers
solutions to overcome this problem.
Some of the advantages of the proposed algorithm are:

 a simple flow of steps in order to get a proper definition of the basic materia quality of the damaged part
 easier identification of problems due defining the appropriate welding technology
 the possibility of simple and fast establishment of appropriate repair welding technology, which is actually a

consequence of the appropriate material quality assessment
 clear overview of necessary and appropriate documentation and equipment as well, in order to define the base

material
 the possibility of defining the base material by applying several methodologies of the proposed algorithm.
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