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The most critical activities influencing the success of each company are continuous improvement of
the quality of manufactured products and monitoring of the production process. Skillful use of avail-
able technologies and quality management tools allows for eliminating casting non-conformities and
preventing their repetition in the future. The research aimed to analyze the types of defects occurring
in castings, the location of their most frequent occurrence areas, and to identify the causes of defects
in castings of bearing housings used in rail vehicles. The benefits of a combination of quality manage-
ment tools for diagnosing material discontinuities in the analyzed castings are presented in this article.
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1. Introduction

Castings are an essential part of any industry and their qual-
ity is determined by the technical conditions of their ac-
ceptance (Luszczak and Danko, 2013; Pezda, 2017; Pacana et
al., 2019; Ostasz et al., 2020). During the production of cast-
ings, several technological parameters affect the quality of the
finished product. Unfortunately, in the production of castings,
it is not possible to simultaneously control all factors of the
technological process. The essential activity influencing the
assessment of the quality and competitiveness of the product
is the final confirmation that there are no defects in the casting
(Kozakowski, 2001; Pacana et al., 2014; Poloczek and
Kietbus, 2016).

Inconveniences in aluminum castings are frequent problems
causing a decrease in the strength of the casting and an in-
crease in the costs of the technological process, thus influenc-
ing further mechanical processing and operation of the casting
(Falecki, 1997). Quick determination of the type of defect, its
cause, and place of occurrence has a significant impact on the
course of the casting process and reduction of the number of
defects. Currently used diagnostic methods in the casting con-
trol process are characterized by effectiveness depending on
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the type of the tested product, the sensitivity of the method
depending on the type of object, and the place of defect occur-
rence (Lybacki and Zawadzka, 2008; Pysz et al., 2014; Siwiec
et al., 2019). The aspect that hinders effective diagnostics is
the great variety of shapes, often with a significant degree of
complication, and the complexity of casting processes with
a large number of parameters that can affect their course. This
makes it difficult to clearly identify a diagnostic method that
would be fast, simple and efficient, and applicable at every
stage of casting production. Therefore, selecting appropriate
technological parameters and quality management instru-
ments is justified and necessary. Properly selected technolog-
ical parameters will stabilize the process, and management in-
struments will contribute to the achievement of the intended
level of quality and great benefits, both organizational and fi-
nancial (Tybulczuk et al., 2006; Lybacki and Zawadzka, 2008;
Pacana et al., 2016; Pacana et al., 2018).

The approach proposed here can also be effectively used to
significantly improve quality in other industrial production
processes (e.g. materials (Szczotok and Roskosz, 2005; Ule-
wicz et al., 2010; Radzyminska-Lenarcik et al., 2018), ma-
chinery (Radek, 2009; Pliszka and Radek, 2017; Danielewski
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et al., 2021; Kurp and Danielewski, 2022), rail (Radek and
Dwornicka, 2020; Czyczuta and Rochel, 2021; Kalinowski et
al., 2021; Regulski and Abramek, 2022), agricultural machin-
ery (Lipinski and Wach, 2014; Lipinski, 2017; Radzajewski,
2021; Sawicki, 2021), automation (Morawski et al., 2021;
Naik, 2021; Wysoczanski et al., 2021)) and services (e.g. wa-
ter supply (Bielski, 2021; Wéjcicka, 2021), maintenance (Tra-
neva et al., 2019a; Kubecki et al., 2021; Markovic et al., 2021;
Stowinski et al., 2021)). The proposed concept of combining
methods can also inspire data analysis methods, both paramet-
ric (Szczotok et al., 2017; Korzekwa et al., 2018) and non-
parametric (Pietraszek et al., 2014), and even fuzzy (Pie-
traszek et al., 2016; Traneva et al., 2018; Traneva et al.,
2019b) approaches. The presented approach has a very large
application potential, which will be shown later in the article.

2. Analysis
2.1. Purpose of the study

The aim of the conducted research was to diagnose, at indi-
vidual stages between operational quality control, the state of
castings of rolling bearing housings used in railway vehicles
and to indicate the areas of shielding in which most often there
are discrepancies. In addition, the objective was to identify the
causes of non-compliance in castings where appropriate cor-
rective and preventive action could significantly reduce the
occurrence of non-compliant castings.

2.2. Subject of the tests

The subject of research was the casting of rolling bearing
housings used in railway vehicles. The finished castings are
worth 110 kg and their dimensions are 504 x 480 x 356. The
3D model of the product is shown in Fig. 1.

The subject of the study was products from a production
company located in the southern part of Poland. The produc-
tion batch was completed in the second quarter of 2019.

Fig. 1. Test subject — sink rolling bearing housing used in rail vehi-
cles; source: (Thoni Alutec Sp. z 0.0., 2021)

2.3. Alloy characteristics

The construction material used for gravity casting of the
housing is ENAC-AISi7Mg0.6 (ENAC-42200) alloy. The
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chemical composition of the alloy is shown in Table 1. Me-
chanical properties of the casting alloy AlSi7Mg0.6 are pre-
sented in Table 2.

Table 1. Chemical composition of AlSi7Mg0.6 alloy;
source: own elaboration based on (Pezda, 2017)

Element — Value (%)
minimal max
Fe - 0.19
Si 6.50 7.50
Mn - 0.10
Ti - 0.25
Cu - 0.05
Mg 0.45 0.70
Zn - 0.07

Others each: 0.03; total: 0.01
Al remainder

Table 2. Mechanical properties of alloy AlSi7Mg0.6;
source: own elaboration based on (PN-EN 1706:2011)

Value (%) Unit of
Property name minimal max measure
_ 300 350 N/mm?
Tensile strength (Rm) 320 MPa
2
Yield strength (RO0.2) 240 24|0 280 NKArr;r:
0,
Elongation at Break (A) 4 6| 6 0;2
_ 100 | 115 HB
Brinell hardness 115 HB

AlSi7Mg0.6 alloy combines silicon and magnesium as al-
loying elements, which give very good mechanical properties
(Briol, 2010). The distinguishing feature of the alloy is its ex-
ceptional corrosion resistance, good weldability, and very
good machining properties (Julis et al., 2011; Salomon et al.,
2017; Yang et al., 2019). For this reason, the alloy has been
used in architecture, aviation, automotive (Brungs, 1997; Cav-
aliere et al., 2004; Pacana et al., 2019), food and chemical in-
dustry, mechanical engineering, shipbuilding, models, and
forms (Hurtalova et al., 2011; Hurtalova et al., 2013; Poloczek
and Kietbus, 2016; Mueller et al., 2016).

2.4. Methods of the tests

In order to analyze the quality of the products, tests were
conducted, the scope of which included verification of shape
defects (on the internal surface of the casting), defects of the
raw surface, continuity breaks and internal defects in the cast-
ing, and additionally marking the place of occurrence of non-
compliance together with a precise determination of the type
of identified non-compliance. The basis for the inspection of
castings was the company's internal procedure. Controls were
carried out in accordance with each production order.

The check was also subject to a visual check of the casting
designation.
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3. Results of analysis

In the analyzed company, each casting of rolling bearing
housings used in rail vehicles is currently subject to visual
quality control, performed at the end of each production oper-
ation. The causes of qualitative rejects were analyzed to re-
duce the number of castings classified as non-compliant. In
the first stage of the analysis, the areas of the housing casting
were identified (Fig. 2) where the defects occur most often,
and the types of these defects were classified.

Fig. 2. Rolling bearing housing casting used in railway vehicles to
identify the most common areas of non-compliance (1 - shrinkage
cavity; 2 - sanding; 3 - gas bladders; 4 - under casting; 5 - surface
roughness incompatibility). 6 - mechanical damage; 7 - foreign ma-
terial inclusions; 8 - peeling; 9 - incorrect or illegible marking of the
casting)

The preliminary analysis allowed us to identify 9 types of
incompatibilities in the housing casting.

An in-depth analysis of the defectiveness of castings was
carried out by combining the Pareto-Lorenzo analysis with the
ABC method. Its purpose was to identify the most significant
non-conformities and rank them in terms of the number of oc-
currences and intensity of the effects (Fig. 3). In the Pareto-
Lorenzo diagram, the nonconformities have been marked as
shown in Fig. 2.
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The analysis of casting showed that the most important in-
compatibilities were systolic cavities (52.5%) and sanding
cavities (27.3%). These defects contribute to 79.8% of all de-
fects after the casting process. In accordance with the ABC
method, area A, to which the listed non-conformities have
been qualified, is determined as critical.
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Fig. 3. Pareto-Lorenzo Chart and ABC method
for non-conformity of castings of rolling bearing
housings used in railway vehicles

Due to the number of skin cavities and crusts and the fact
that the presence of specified nonconformities eliminates the
product, the metallographic examination was performed to ob-
serve the nonconformities and analyze them. Fig. 4 shows one
of the observed inconsistencies, which most often occurs in
the casting of the casing — the dermal cavity.

Disclosure of defects at the earliest stage of the production
process generates lower costs than their detection at the time
of final inspection. Therefore, making the right decisions re-
garding handling non-compliant products as early as possible
is crucial. Additionally, the disclosure of a defect in the place
of its occurrence enables the application of effective corrective
and preventive actions, which in the future may eliminate it.

Table 3 presents the types of quality control detecting the
most inconsistencies related to a given type of defect and de-
cisions on further handling the non-compliant product. Table
3 uses the type of defect markings used in Fig. 2.

The largest number of the most serious discrepancies in
castings, i.e. systolic cavities and porosity, is detected during
the initial control using the NDT X-ray method.

4. Proposal for improvement

The in-depth analysis resulted in a proposal to combine
quality management instruments to identify the causes of the
most serious quantitative inconsistencies (systolic cavity and
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sanding) in the analyzed casting. This included, among others,
the brainstorming method, and the Ishikawa diagram.

Fig. 4. Survey results from the area
of discontinuities — systolic cavity

Table 3. Percentage of decisions on handling non-compliant prod-
ucts — the casting of bearing housing used in railway vehicles

The brainstorming method was used to isolate all possible
causes of non-compliance of products and define their hierar-
chy. The identified causes of non-compliance were then ar-
ranged on an Ishikawa diagram, which revealed the interrela-
tionship of the causes that resulted in the problem.

Quality problem - presence of systolic cavity

Chemical composition of the liguid alloy

Excessive moisture in the molding sand

Insufficient
cleaning of the mold

Too little leukage

of the liquid alloy
) ( Too low a temperature
Too little metal L of the metal during flooding
inthe
Contamination of the liquid alloy (inclusions)
Material

Fig. 5. A fragment of the Ishikawa diagram showing
the reasons for the occurrence of the systolic cavity
in the category "material"

Quality problem - presence of systolic cavity

Inappropriate selection of mold coating material

(Incorrect position of the mold during
flooding causes the liquid alloy

| level to rise too slowly

Too low
a mold temperature

Incomplete drying
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Decision Use of unsuitable
molding san of the form or core
Type Quality control most of- 5] o _ S o . . ] ) )
of ten identifies 3 E H ® £ Excessive differences in casting wall thickness
defect non-compliance § § L 8 §
Vo & Method
Initial inspection (X-ra Fig. 6. A fragment of the Ishikawa diagram showing
1 metr?o d, uT) y 76% 6% 18% the reasons for the occurrence of the systolic cavity
' in the category "method"
Initial inspection (X-ray L . .
2 method) 63% | 15% | 23% Due to the volume limitations, the article contains only
3 Intermediate control (X- 1% 1% 18% a fragment of the Ishikawa diagram showing the leading
ray, PT, ET) 0 ° 0 causes of the most critical nonconformity - the systolic cavity
4 Intermegsgceti((\)/rl]sual) in- 66% 17% | 17% ( FI:;] tg«)—:- material category (Fig. 5) and the method category
5 Intermediate control (us- | o0, | g100 | 1106 After analyzing the reasons for the presence of shrinkage
ing a contact profiler) cavities in castings, it was found that the main reason for the
6 '”terme‘(j\'l?;i;’l‘;pec"o” 39% | 42% | 19% presence of shrinkage cavities in the material was too low
Imermediate insoection a temperature of metal during flooding, while in the area of
7 (visual) P 64% 29% 7% human beings the use of unsuitable molding sand was men-
v ; tioned.
8 Interme((j\llz;i(leJ a|1?)spect|on 31% 530 16%
9 Intermedla}te inspection 0% 100% 0%
(visual)
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5. Conclusions

The key activities leading to the success of any company are
continuous monitoring of the production process and improv-
ing the quality of manufactured products. The presented pro-
posal includes a detailed analysis of the types of non-conform-
ities in castings, the location of the most common areas of
defect occurrence, and the identification of the causes of de-
fects in castings. This contributes to the elimination of defects
and the implementation of effective measures preventing the
occurrence of non-conformities in castings. The key reason for
the most important defect in the casting (shrinkage cavity) was
too low a temperature of the metal during flooding and incor-
rect setting of the mold during flooding causes too slow an
increase in the level of liquid alloy.

Possible further work will be related to implementing the
proposed sequence of the analysis of casting defects in the pro-
duction processes of other products offered by the analyzed
company, as it is an effective method of solving quality prob-
lems.
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