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Abstract  

The aim of the study is to identify the causes of non-compliance of castings and ultimately, using quality 

management tools (5W2H I diagram Ishikawa), to reduce or eliminate the number of such non-compliance. 

The research was carried out using visual, luminescence and metallographic tests and the product was a 

diesel engine piston casting. The study identified clusters of rows in the area of sealing canals and specified 

their cause - inadequate quality of the charge. So far, no analyses of quality problems using a sequential 

quality management methodology have been carried out in the company, so that the implemented corrective 

actions did not lead to the full achievement of quality objectives. The sequential method presented in the paper, 

combining diagnostic and control tests and quality management tools, is a universal way to monitor the quality 

level of products and to quickly correct any nonconformities. The presented method can be used in enterprises 

producing products from ferromagnetic, non-ferromagnetic and non-metallic materials (due to the 

effectiveness of the luminescence method).  
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1. INTRODUCTION  

Continuous technological development contributes to a dynamic increase in the loads on the equipment and 

machines used, which leads to an increase in the requirements for structural materials. This development 

influences the creation of new technologies for manufacturing metals and alloys with better strength properties 

[1-3]. At present, reciprocating internal combustion engines are the most important source of energy used to 

drive motor vehicles. Of all the parts that make up an internal combustion engine, the piston is the one most 

exposed to thermal damage. This element is a movable part of the combustion chamber and must therefore 

be resistant to high temperatures and pressures [4]. The legal conditions relating to the reduction of toxic 

emissions of exhaust gases generated by reciprocating internal combustion engines force vehicle 

manufacturers to improve existing casting alloys and products - in terms of both specific physicochemical 

properties and performance characteristics - is one of the most important directions for the development of the 

global foundry industry [5-7]. 

Comprehensive methods are constantly being sought to detect incompatibilities, but also to prevent them by 

detecting the sources of their origin or even looking for causes that cause problems within these sources. The 

methods enabling the implementation of the indicated activities are quality management methods, which, when 

skillfully applied, allow to increase the quality level of the offered products [8,9]. 
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2. PISTON SILUMINS  

Equal research is currently being carried out on the quality of reciprocating silumin products, including, for 

example, the improvement of the structure and properties of the material [10-13], impact of manufacturing 

technology on the properties of castings [14-17], evaluation of the dimensional stability of the product [18] or 

the tribological behavior of the piston alloy [19]. Despite attempts to improve the structure of properties of 

silumin castings, attention should also be paid to quality control of these castings [6,20]. A model solution to 

the issue of evaluating the condition of piston silumin castings is to use non-destructive testing, the application 

of which does not affect the condition of the controlled product. This applies to production quality control during 

product manufacturing and in-service testing on diesel engines. The importance of NDT in automotive 

technology is particularly important also due to the relatively low values of safety factors determined when 

designing automotive structures [21,22]. The analysis of publications related to the inspection of piston 

castings indicates that attempts are made to use single non-destructive testing (e. g. The following parameters 

are available: X-ray [11], ultrasound [20,23,24], infrared thermography [14], eddy currents [25]), depending on 

the purpose, construction and dimensions of the pistons. Therefore, it is advisable to develop a sequential 

method to control piston castings.  

3. ANALYSIS 

3.1. Aim, scope and subject matter  

The aim of the study is to diagnose, by means of visual, luminescence and metallographic testing methods, 

the condition of an aluminum piston casting The aim of the study is also to determine the sources of non-

compliance of castings and ultimately, by means of quality management tools (Ishikawa diagram and 5W2H), 

to reduce the occurrence of non-compliant products or to eliminate them completely. 

Due to an increase in complaints and the number of identified non-compliant products during the 

interoperational inspection (19% compared to the previous quarter), the subject of the tests was a casting of 

the piston intended for the internal combustion engine of a passenger vehicle of Toyota (Figure 1).  

 

Figure 1 Subject of the tests - Diesel engine piston projection 

The survey concerned a batch of products made in Q2 2019 in one of the automotive companies located in 

the southern part of Poland. The company produces aluminum and steel pistons. The scope of visual and 

luminescence tests covered the surfaces of the entire casting, while metallographic analysis of areas where 

discontinuities of the material were detected. In order to assess the possibility of detecting surface and near-

surface discontinuities in the whole volume of the material tested, experimental tests were carried out. 

3.2. Alloy characteristics B2 

Alloy B2 is an eutectic silicone-aluminum alloy for diesel and gasoline engine pistons in light vehicles. The 

chemical composition of alloy B2 is shown in Table 1. Stop B2 has no national or international equivalents. 
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Table 1 Chemical composition of the alloy B2 

Episode Si Cu Mg Ni Fe Mg Zn Pb Sn Ti Zr V Al 

Min, (%) 12.0 3.7 0.5 1.7 - - - - - - - - rest of the 
warehouse 

Max, (%) 14.5 5.2 1.5 3.2 0,7 0.2 0.1 0.08 0.2 0.2 0.2 0.2 

3.3. Course of research 

The methods used for quality control of piston castings - identification and characterization of nonconformities 

- were visual inspection and penetration testing, as well as quality management techniques (Ishikawa diagram, 

5W2H method). Correlation of selected diagnostic methods and their order of application is shown in  

Figure 2. 

 

Figure 2 Sequence of methods used to analyse nonconformities and identify the source of their occurrence 

Visual examination in a company is performed by employees after each technological operation. Penetration 

tests were performed in a specially adapted room and consisted of applying the penetrant to the piston surface 

(time of interaction 10-30 min), and then cleaning the surface and applying the developer. In the examination, 

the samples for metallographic testing were cut out of the defective areas of the piston casting on a 

metallographic cutter and then encapsulated in resin. The next step was to grind and polish the samples on 

the Saphir 530. The metallographic specimens were etched with 5% aqueous solution of HF acid. The 

microstructure was observed on the Zeiss Neophot 2 metallographic microscope. The non-conformity has 

been analyzed and characterized by the 5W2H method, the Ishikawa diagram and the ABCD-Suzuki method. 

The 5W2H method was used to characterize in a short and clear way the most important information about 

the problem. The Ishikawa diagram was used to identify potential causes of non-compliance, while using the 

ABCD - Suzuki method, a team of experts determined the importance and rank of the individual causes. 

4. RESULTS OF ANALYSIS  

The research was carried out by a working team consisting of: the Head of the Department of Health and 

Consumer Protection, the quality manager, chief technologist, foundry manager and specialist in the field of 

quality assurance research. The study analyzed all non-compliant products identified in Q2 2019. and products 

advertised by customers. An example of obtained results of visual, luminescence and microscopic 

observations of the area of sealing channels of a piston casting is shown in Figure 3. The results presented 

relate to the most serious and most frequent non-compliance. The obtained results indicate the occurrence in 

the medium-loaded zone of incompatibilities of unacceptable size - clusters of rows. Localized discontinuity 

disqualifies the piston. In the next step, the working group, set up to solve the problem, made a Gemba of 

fights and then carried out a 5W2H analysis in order to precisely characterize the problem. The 5W2H analysis 
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showed that during a visual inspection an employee noticed a discrepancy in the area of sealing channels. 

After the luminescence test and microstructure observation, clusters of crowds were identified which 

disqualified the piston. The problem concerned 30% of manufactured products in Q2 2019. In the next step, a 

diagram of Ishikawa was made in order to identify the most probable causes of non-compliance and classify 

them according to the following categories: man, machine, material, method, management (Figure 4). Based 

on the Ishikawa diagram of material noncompliance, i. e. the plunger castings located in the area of the sealing 

channels, a significant number of potential causes of non-compliance have been identified. 

 a) b) c) 

 

Figure 3 Result of the visual examination (a); view of the non-compliance on the cross-section  

after color luminescence (b); c) microstructure in the non-compliance zone 

 

Figure 4 Ishikawa diagram for noncompliance - presence of castings in the piston casting 

In order to determine the validity and rank of particular causes, the team of experts used ABCD-Suzuki method. 

As a result of the analyses carried out, it turned out that the three most important reasons for discontinuity of 

the material are, in order of importance: poor quality of the charge (contamination), incomplete drying of the 

mould and too fast crystallization of the liquid metal.  

5. CONCLUSION  

Diagnostic tests (visual, luminescence and microscopic examinations) used in quality control of aluminum 

pistons were carried out in the paper and their analysis was performed with the use of quality management 
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tools. The aim of the tests was to identify non-compliant products and to check the usefulness of control and 

diagnostic testing in the production process.. Using visual non-destructive testing, discontinuities in the area 

of sealing channels were detected - casting defects. The luminescence and microscopic examination 

confirmed the occurrence of clusters of rhizomes in the casting. The presence of these discontinuities 

disqualifies the piston. In order to define the problem of discontinuity of castings, Gemba walk and 5W2H 

analysis were performed. In order to identify the causes of material inconsistencies, Ishikawa diagram and 

ABCD – Suzuki method were performed, according to which the key cause of the inconsistency was improper 

quality of the charge (impurities). The applied non-destructive testing method in combination with quality 

management methods are largely complementary. The proposed combination may be a component of 

methods supporting quality management processes. Traditional 5W2H can be extremely useful by 

incorporating it into the analysis cycle, where the output of one tool is an input to another quality management 

method (Ishikawa diagram). It seems to be useful for other branch of industry e.g. ribbed wire manufacturing 

[26], steel industry [27-29] and heavy-load biotechnological apparatus [30, 31]. Such analytical schema of 

inference should be taken into consideration also in similar management analyses [32-34] as well as in 

research analyses [35-37]. 
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