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Abstract

Currently, quality control in modern enterprises is one of the factors creating the principles of organization and
functioning of enterprises. The paper presents one of the techniques of non-destructive testing - ultrasonic
testing in quality control of casting of the base of an industrial robot. Ultrasonic testing is used for inspection
due to the possibility of detecting internal, surface and sub-surface discontinuities in the entire volume of the
tested material. The aim of the study was to determine, using traditional quality management tools (Pareto-
Lorenza and Ishikawa diagrams), the most significant incompatibilities of castings detected in ultrasonic testing
and to reduce or eliminate the number of non-compliant products. The survey concerned a batch of products
manufactured in the 3rd quarter of 2018 in one of the companies in the southern part of Poland. The results of
the ultrasound examination revealed the presence of discontinuities (emptiness) in the casting. Tests carried
out using the Pareto-Lorenz diagram have shown the most important discontinuity in the products - material
voids. The use of the presented tools may allow for precise reaching the source of quality problems in the
casting process. Further research directions will be related to the application of the presented research
methodology in the quality control of the remaining products offered by the enterprise, and then its implications
in enterprises of similar specificity.
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1. INTRODUCTION

At present in every economic sector a safety and reliability are one of main aspects of using by consumers
high technologies. In ancient times, when there were no known design standards and construction materials
were limited to rock materials, wood and their derivatives, the assumptions of the creators determining the life
of the structure, exceeded many generations of users. They were familiar with the concept of durability, while
no one had ever thought about safety. In the 21st century, when the aspect of operational safety is an important
factor, and often a factor conditioning the admission to operation, the implementation of non-destructive tests
of responsible components of the structure is often a critical operation conditioning the existence of the
organization [1].

For many years, foundry engineering has been showing a tendency to implement complex testing systems in
which foundry materials and castings are controlled using several non-destructive testing methods (NDT).
Non-destructive quality control using ultrasonic, radiographic, eddy current, penetration or magnetic methods
is used at various stages of production. Ceaseless progress in the development of research apparatus enables
information to get the higher precision of measurements and a lot. It is extending research abilities at applying
individual methods of non-destructive testing. In the case of acoustic methods used to diagnose the condition
of products, information obtained with the use of modern equipment is used not only to detect inconsistencies
in the form of discontinuity of material, but also in structural studies and in the evaluation of mechanical
properties of alloys [2,3].
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2. ULTRASONIC TESTING (UT)

Ultrasonic testing belongs to the group of non-destructive volumetric tests. Ultrasonic defectoscopy testing
consists in sending ultrasonic waves to the tested material in an impulsive manner. Waves are produced in a
piezoelectric converter as a result of vibrations after the supply of current to the surface, usually with a
frequency of 0. 5 to 15 MHz. Afterwards, ultrasound waves are introduced into the tested material through the
head and a suitable liquid, which can be e. g. cellulose paste with the additive of water, solution of the wallpaper
paste, oil, grease, as well as water with the possible addition of other centre moistening, anti-freezing corrosion
inhibitor [4-6].

This method is based on the phenomenon of the propagation of ultrasound waves in solids. The propagating
waves in the examined material give a permeable signal (in the technique of transmittance/shadow) or a signal
reflected from the surface or from discontinuities (in the technique of echoes), which returns to the oscilloscope
head, and then is converted into electrical vibrations and becomes visible in the form of an impulse on the
oscilloscope screen or is recorded in the memory of a computer coupled with a defectoscope. The reflection
of the wavelength beam from the surface or from the discontinuity of the material is visible on the defectoscope
screen as a so-called "echo defect" or "echo of the bottom". Knowing the geometry of the tested product and
the specificity of the head, it is possible, based on the distance of the "defect echo" pulse, to determine the
actual position of the nonconformity [2,7,8].

Ultrasonic tests are used to evaluate the technical condition of structures and equipment [7], in the automotive
industry (e. g. to control welded joints), they are also used to control railway connections [9], slide bearing
bases, crankshafts, etc.

3. ANALYSIS

3.1. Alloy characteristics AIZn10Si8Mg

Aluminum alloy AlZn10Si8Mg, also called UNIFONT 90, began to be used in the automotive industry for cyclic
components. Currently, it appears more and more frequently in practice in heavy casting, mechanical
engineering, model/model construction, hydraulic casting and defence engineering. The wide use of the alloy
is one of the main reasons for the research and further development of the alloy [10,11]. The chemical
composition of AlZn10Si8Mg alloy is presented in Table 1 [12].

Table 1 The chemical composition of AlZn10Si8Mg alloy

Fe [%] Si[%] | Mn [%] Ti [%] Cul% | Mg [%] | zn[%] | Others :
max03 | 75-95 | max015 | max0.15 | max01 | 02-05 | 9-105 | ach0.05 Al -
total 0.15 remainder

Source: own study on the base [12].

Mechanical properties of AlZn10Si8Mg alloy are presented in Table 2 [12].

Table 2 Mechanical properties of AlZn10Si8Mg alloy

Parametr Value
Rm - Tensile strength (MPa) 210
Rpo.2 0.2 % proof strength (MPa) 190
A - Min. elongation at fracture (%) 1
Brinell hardness (HBW) 90

Source: own study on the base [12].
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Properties for real castings cooled from an elevated temperature shaping process and naturally aged.

In addition, the alloy AlZn10Si8Mg is characterized by very good casting properties, good wear resistance, low
thermal expansion and very good treatment [13].

3.2. Purpose, scope and subject matter of the study

The aim of the research is to diagnose, by means of ultrasound examination method, the state of casting of
the base of an industrial robot. Determination of the sources of nonconformity of castings and ultimately, by
means of quality management techniques, reduction of the number of non-compliant products or their total
elimination.

The survey concerned a batch of products manufactured in the 3rd quarter of 2018 in one of the companies in
the southern part of Poland. The scope of non-destructive testing of the product included identification of
internal discontinuities using ultrasonic method.

In order to make the assessment of the possibilities of the detection of internal, surface and subsurface
discontinuities in the entire volume of studied material an experimental research was conducted. A cast of the
base of the industrial robot was the subject of the research. The 3D model of the base of an industrial robot is
shown in Figure 1.

Figure 1 Subject of the study - 3D model of the basis of an industrial robot

3.3. Conduct of studies
Ultrasonic tests were carried out in four stages.

The first stage concerned visual inspection of the workpiece and preparation of the surface on which the
ultrasound heads were moved. In order to achieve good and even adhesion of the head and at the same time
free movement of the head, the surfaces of the tested workpiece were cleaned by removing impurities by
means of local grinding and cleaning with a remover.

Before starting the ultrasonic examination, in the second stage, the testing equipment was checked in
accordance with the requirements of PN-EN 12668-3:2003+A1:2006, which include: visual inspection of the
testing equipment, cables, heads and patterns for wear and tear or damage, checking the centre of the head
and the angle of the beam, as well as checking the linearity of the time base and strengthening by
defectoscope.

In the third stage, the appropriate ultrasonic tests was carried out and in the fourth stage, the indications from
the examination were assessed. Ultrasonic tests were conducted within the framework of cyclical quality
control tests during the production of the product.

646



JEV. w o
ME 1AL

2019 May 22" - 24t 2019, Brno, Czech Republic, EU

4. RESULTS OF ANALYSIS

The results of ultrasonic tests of the base casting of an industrial robot are shown in Figure 2.

noise of the casting structure

discontinuity of a size corresponding to a diameter of 3,8 mm

Figure 2 The result of ultrasonic tests on the surface of the tested product

The test area was 210 mm thick, which can be seen as a high echo just behind the discontinuity of the material.
The discontinuity of the material (void) was located at a depth of 201.9 mm with a size corresponding to a flat
surface of @3.8 mm. The remaining, examined area using defectoscopy was depicted with low structure noise,
much below the evaluation curve.

In relation to the presence of the disagreement in studied material from areas of appearing of the discontinuity
samples were taken, and then metallographic scrap were carried out. The results of observations of
metallographic examinations are presented in Figure 3.

Figure 3 The result of metallographic surveys of the discontinuity area

The occurrence of the observed discontinuity results in the quality disqualification of the product. Thus, the
ultrasonic test method is an effective tool for quality evaluation with a non-destructive test method, which can
be used to evaluate a product with a complex geometry, which is the basis of an industrial robot.

5. PROPOSAL TO IMPROVE

The proposed instrument for the analysis of product defectiveness was the Pareto-Lorenz analysis aimed at
identifying the most significant inconsistencies from the point of view of the number of their occurrence
(Figure 4). On the diagram, the discrepancies occurring in the tested casting were marked consecutively: 1 -
presence of oxides (emptiness); 2 - micro shrinkage; 3 - remains of moulding mass; 4 - aluminum
contamination; 5 - systolic hollow; 6 - cracks; 7 - dimensional incompatibility; 8 - inclusions; 9 -short run casting;
10 - shape incompatibility.

The analysis carried out using the Pareto-Lorenz diagram showed that the most important discontinuities are
three types of discontinuities: presence of oxides (emptiness) (30.30 %), micro shrinkage (21.21 %) and
remains of moulding mass (16.16 %). They account for 67.68 % of all deficiencies identified after the process
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of casting the base of an industrial robot. The second stage of the product defect analysis is the analysis of
the causes of non-compliance using the Ishikawa diagram. Figure 5 presents factors influencing the creation
of one of the most important incompatibilities of the analysed product for the company - the presence of oxides
in the casting.

35 100,00%

98,99% 100,00% 90,00%

30

96,97%

o 30 .
§ 87,88% 92,93% 80,00%
S 25 81,82% 70,00%
3 74,75% i
8 20 67,68% 60,00%
kS 16 50,00%
i % 40,00%
g 10 7 7 30,00%
< 6

@ 3 5 4 20,00%
£ 5

F IR me:

1 2 3 4 5 6 7 8 9 10

Reason for non-compliance

Figure 4 Pareto-Lorenz Diagram for non-conformity in the test casting
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Figure 5 Ishikawa diagram of the reasons for the presence of oxides in the product structure

Among the most important factors influencing the formation of oxides in the casting in question, improper
supply of the casting due to bad mold construction was distinguished in the scope of the method.

6. CONCLUSION

At the work analysis of the incompatibility was conducted along with the diagnostic investigation of the batch
of casts of bases of the industrial robot, made in 3rd quarter of 2018, by performing the examination with

648



JEV. w o
ME 1AL

2019 May 22" - 24t 2019, Brno, Czech Republic, EU

ultrasonic method. A quality check of products and checking the usefulness of the test-diagnostic examination
in a production process were an aim of the research. By means of non-destructive ultrasound examination,
the discontinuity in the casting - casting defect (oxide) - was localized and its presence was confirmed by
metallographic examination. The occurrence of discontinuities disqualifies the casting. In order to prioritize the
influence of irregularities in the tested batch of castings, the Pareto-Lorenz analysis was carried out. The
analysis allowed us to identify the most significant material inconsistency of the industrial robot base, which
was the material discontinuity in the form of oxides. In order to identify the causes of material non-conformity,
an Ishikawa diagram was compiled, according to which the key cause of the non-conformity was an inadequate
power supply to the casting due to poor mould design. The company should pay attention to the improvement
of the casting method. The application of non-destructive testing methods in combination with quality
management methods is predominantly complementary. The proposed combination may be a component of
methods supporting quality management processes. The traditional Pareto-Lorenzo diagram technique can
be extremely useful by incorporating it into the analysis cycle, in which the output of one tool is the entry to
another quality management method (Ishikawa diagram). Presented methods and results may be useful in
similar situation e.g. material science analysis [14-17] and related image analysis [18-20].
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