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a structured manner. 18 

Design/methodology/approach: The model utilises a sequential combination of the following 19 

techniques: Pareto chart correlated with the ABC principle, ranking, brainwriting, Ishikawa 20 

diagram (5M+E), five-point Likert scale, and matrix diagram. 21 
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The implementation of the model's assumptions in foundry companies will assist management 31 
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Originality/value: The model includes an integral methodological configuration that allows 33 

for assessing the significance of the causes of identified critical non-conformities in terms of 34 

quality and cost, and provides structured support for optimisation activities and solving quality 35 

issues. 36 
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1. Introduction  1 

The dynamic changes taking place in the external environment of industrial enterprises are 2 

placing ever greater demands on organisations in terms of development and presenting them 3 

with increasingly difficult problems to solve. One of the key conditions for achieving market 4 

success and competitive advantage is the design and implementation of processes tailored to 5 

specific production capabilities and needs (Gajdzik, Wolniak, 2022; Pacana, Czerwińska, 6 

2018). Products should not be implemented at any cost, paying attention only to the costs 7 

associated with a given implementation and the amount of potential profits (Khan et al., 2022). 8 

When undertaking implementation activities, the manufacturer should be confident that the 9 

expected level of product quality will be ensured and that the rate of return on the implemented 10 

product will be high enough to offset the costs incurred (Stawiarska et al., 2021; Ingaldi, Mazur, 11 

2022). 12 

In an era of intense and progressive globalisation in the field of production, quality has 13 

become an important distinguishing feature of industrial companies operating on the market.  14 

It is closely related to the manufacture of products, their sale and the level of costs incurred by 15 

the organisation. In the vast majority of cases, the buyer's decision to accept or reject a product 16 

determines the success or failure of the manufacturer or service provider (Dornelles, Sellitto, 17 

2015; Gramegna, 2017). These issues have an impact on building a company's position in  18 

a competitive market. On the road to success, it is also important to build a strong brand through 19 

continuous improvement, consistent action and rapid response to market changes (Gijo et al., 20 

2014; Siekanski, Borkowski, 2003). 21 

Companies wishing to maintain a stable level of quality while increasing the economic 22 

efficiency of their resources and processes should implement effective management methods 23 

(Pietraszek, Skrzypczak-Pietraszek, 2014; Czerwińska et al., 2025). This requires, on the one 24 

hand, diagnosing whether the activities carried out so far have brought the expected results and, 25 

on the other hand, taking measures related to quality improvement while focusing on the 26 

reasonable use of production resources (Malinowski et al., 2013). Such a development strategy 27 

also affects the effectiveness of the tasks undertaken by the company and the building of  28 

a stable market position (Klimecka-Tatar et al., 2021).  29 

An important aspect of managing a foundry company is striving to improve quality in the 30 

specialised process of casting (Bris et al., 2021). This involves technological parameters that 31 

can affect the quality of the finished product. The most significant problem in the production 32 

process of cast products is the inability to simultaneously control all the determinants of the 33 

technological process quality. This fact makes casting a very complex technique,  34 

and the implementation of individual stages of production in this technology is associated with 35 

many difficulties (Pacana, Czerwińska, 2023; Borkowski et al., 2016). As part of quality 36 

improvement and minimising deviations from the desired quality criteria, the measures taken 37 
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increasingly concern not only the testing and analysis of finished castings (with particular 1 

attention to non-conformities) but also the prediction and prevention of undesirable events 2 

(Prasad et al., 2016; Pacana, Czerwińska, 2023a). The possibility of reducing the level of 3 

potential costs associated with exercising full quality control over batches of manufactured 4 

castings encourages this approach. The desire to reduce costs may prompt changes, but full 5 

control contributes to longer production processes and is a labour-intensive task, the benefits of 6 

which in terms of quality assurance may not outweigh the potential slowdown (Khan et al., 7 

2023; Pietraszek et al., 2020). It is crucial to identify critical products and related non-8 

conformities. Analysis of these problems and their determinants will allow for effective 9 

maintenance of a stable level of quality of the cast product (Ulewicz, Novy, 2019; Greń, 10 

Zaziębło, 2019). 11 

The aim of the study was to develop a quality and cost model for improving cast products. 12 

The implementation of the model's assumptions in foundry companies will assist management 13 

in carrying out complex processes leading to the creation of competitive advantage. The model 14 

contains an integral methodological configuration that allows for the assessment of the 15 

significance of the causes of identified critical non-conformities in terms of quality and cost, 16 

and provides structured support for optimisation activities and the resolution of quality issues. 17 

The model uses a sequential combination of the following techniques: Pareto diagram 18 

correlated with the ABC principle, ranking, brainwriting, Ishikawa diagram (5M+E), five-point 19 

Likert scale and matrix diagram. 20 

2. Methods  21 

The quality and cost improvement model for products was developed to improve quality by 22 

minimising deviations from the desired quality criteria and stabilising the production process 23 

for cast products while maintaining cost efficiency. The application of the model boils down to 24 

analysing the product by identifying and solving critical quality problems, which in most cases 25 

are product non-conformities. The procedure presented in the model allows for the 26 

identification of critical non-conformities, whose presence contributes most to the instability of 27 

the quality process and at the same time generates the highest costs. The model is based on the 28 

sequential integration of methods and techniques such as: the Pareto Lorenz diagram correlated 29 

with the ABC method, non-verbal brainstorming (Brainwriting), the Ishikawa diagram 30 

(according to the 5M+E principle), a balanced five-point rating scale, and a matrix diagram. 31 

The individual stages of the model are presented in Figure 1. The model diagram also takes into 32 

account the methods and techniques dedicated to each stage of the process. 33 
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 1 

Figure 1. Diagram of the structure of a quality-cost model for improving cast products. 2 

Source: own study. 3 

The individual stages of the model's implementation are presented in the following 4 

subsections. 5 

2.1. Selection of the subject and purpose of the research 6 

The subject and purpose of the research should be specified by an authorised entity (expert). 7 

Defining the subject of the research allows researchers to focus their attention on a specific 8 

quality issue that will be examined, analysed and evaluated using appropriately selected 9 

research methods (Czerwińska, Pacana, 2025). Due to the purpose of the model, the subject of 10 

the research may be a cast product whose manufacturing process has lost its quality stability or 11 

a selected type of non-compliance (critical in terms of severity, effects, frequency and costs of 12 

occurrence). The selection of the subject of research may be supported by a non-conformity 13 

register (if kept in the company) or made using supporting tools - a Pareto Lorenz diagram 14 

correlated with the ABC method (Sułkowski, Wolniak, 2013). Next, the objective of the study 15 

corresponding to the current needs of the company should be specified. A well-defined research 16 

objective will guide the entire work and assist in the interpretation of the results. The application 17 

of the developed model supports the achievement of objectives related to: 18 

 identification of non-conformities between the actual state and the expected standard, 19 

which may relate to a product or process, 20 

 analysis of quality issues, 21 

 analysis of the causes of critical non-conformities (root causes),  22 

 analysing the cost severity associated with the presence of critical non-conformities, 23 

 proposing adequate corrective actions while maintaining a reasonable relationship 24 

between the quality achieved and the costs of achieving it. 25 

The accepted research objective should relate to the subject of the research and take into 26 

account the client's requirements in this regard. 27 
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2.2. Appointment of a team of experts 1 

The team of experts analysing the problem related to quality improvement activities should 2 

consist of appropriately trained employees with extensive knowledge of the subject matter and 3 

experience in the area to be improved. The team leader coordinates tasks and supports team 4 

members (Wolniak, 2022; Ingaldi, Ulewicz 2025). The aim of the team of experts is to prevent 5 

the problem from recurring. 6 

2.3. Identification of potential causes of the problem under analysis 7 

This step should begin with an analysis of the current situation, taking into account the 8 

relevant area in relation to the subject and purpose of the research. These may include: 9 

processes, customer expectations, financial results, quality issues and product non-10 

conformities. The analysis of the causes of loss of product quality stability should include the 11 

results of a specialist product diagnosis (Czerwińska et al., 2021). The task of the experts is to 12 

identify all the probable causes of the problem under investigation. This activity should be 13 

supported by a brainstorming session. This will make it possible to generate a large number of 14 

ideas. It is recommended to use a written form of brainstorming, as this will avoid the tensions 15 

and conflicts that can arise in a classic brainstorming session. The results of the session should 16 

be visualised and logically grouped according to the rules of creating an Ishikawa diagram in  17 

a 5M+E configuration (Wolniak, 2016).  18 

2.4. Assessment of the significance of potential causes and their costs 19 

In this step, the team of experts evaluates the potential causes of the problem under 20 

investigation, taking into account their impact on reducing quality and the associated costs.  21 

The assessment should use a five-point Likert scale, where, in relation to the model, the extreme 22 

points mean: 1 – the cause has a very small impact on the problem and generates very low costs, 23 

5 – the cause has a very large impact on the problem and generates very high costs. In order to 24 

avoid conflicts in assigning ratings, it is worth supporting this step with a brainwriting tool. 25 

Individual ratings should be entered into an Ishikawa diagram or, for greater clarity, placed in 26 

a summary table.  27 

2.5. Identification of the main causes of the problem under analysis 28 

The main causes of the analysed problem should be understood/recognised as those that 29 

determine the occurrence of a quality problem and at the same time significantly increase costs. 30 

A matrix diagram should be used to identify critical causes in the quality-production cost 31 

relationship. The analysed causes of the quality problem should be placed in the diagram based 32 

on expert assessments in the quality and cost categories. Causes located in the critical area 33 

should be considered the main causes for further analysis.  34 
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2.6. Proposed improvement measures 1 

Improvement measures should include corrective and preventive actions. With regard to the 2 

root causes of quality problems, corrective actions should be developed and implemented to 3 

eliminate the root causes of existing irregularities in order to prevent their recurrence (Gajdzik, 4 

Sitko, 2016). Next, a team of experts should develop preventive measures in line with  5 

a proactive approach to permanently eliminate the potential causes of problems. Improvement 6 

measures should be developed using brainwriting. 7 

3. Results and discussion 8 

The developed model was tested in practice by applying it to a foundry located in south-9 

eastern Poland. In order to test the model, production information was analysed, including 10 

historical data from the production process (production status and progress, number of units 11 

produced, material consumption, machine and employee working time, as well as data on 12 

quality and costs) and information on complaints and quality issues. The information analysed 13 

was from the first quarter of 2025. 14 

The first step was to define the subject of the research and specify its objective. Based on 15 

data concerning the non-compliance of cast products and complaint records, a control panel 16 

cover cast using the gravity casting method from AlSi7Mg0.6 alloy was selected as the subject 17 

of the research. The design changes introduced in relation to the change in the shape and size 18 

of the casting contributed to a loss of stability in the production process, which led to the 19 

manufacture of a significant number of products outside the specified tolerance limits.  20 

The objective of the research related to the subject of the study was then specified. Analysis of 21 

the non-conformity records showed that the dominant type of non-conformity was the presence 22 

of oxides in the control panel cover. This non-conformity is identified in the leak test of 23 

castings. For this reason, the objective of the research was to identify the main causes of the 24 

presence of oxides in the control panel cover. Figure 2 shows the control cover casting with the 25 

result of the leak test and an example of a critical non-conformity in the marked area.  26 

The next step was to appoint a team of experts. The team consisted of: chief technologist, 27 

product quality control manager, production manager, and complaints specialist. The appointed 28 

team carried out the subsequent stages of the analysis.  29 
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 1 
a)       b) 2 

Figure 2. a) Subject of testing with non-compliance revealed in the water sample, b) example of critical 3 
non-compliance – leakage (oxide inclusion through the casting wall). 4 

Source: own work. 5 

The next step was to identify the potential causes of oxygen inclusions in the casting.  6 

The probable causes of the quality problem were gathered by the team of experts during  7 

a brainwriting session. The result of the session – the ideas generated – were grouped and 8 

plotted on an Ishikawa diagram in a 5M + E configuration, taking into account six categories: 9 

man, machine, material, method, management, environment (Figure 3). 10 

 11 

Figure 3. Ishikawa diagram for the problem of oxygen inclusions in castings. 12 

Source: own work. 13 

When assessing the significance of potential causes of the problem in the products and their 14 

costs, the team of experts adopted a five-point rating scale (1 – the cause has a very small impact 15 

on the problem and generates very low costs; 5 – the cause has a very large impact on the 16 

problem and generates very high costs). Assessment sheets were prepared on which team 17 

members anonymously assigned ratings. The final ratings of potential causes (Table 1) are the 18 

result of the average of the ratings assigned, rounded to the nearest whole number.  19 
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Table 1. 1 
Assessment of the importance of potential causes and the costs of their occurrence 2 

The analysed 

area 

Identification of 

the potential cause 

Assessment of the impact of 

potential causes on the 

analysed non-compliance 

Assessment of the level of costs 

incurred due to the presence of 

potential causes of the problem 

Method  

P1 3 1 

P2 3 3 

P3 5 3 

Machine 

P4 4 3 

P5 5 4 

P6 5 4 

P7 2 4 

Man 

P8 2 2 

P9 1 3 

P10 2 2 

Material 

P11 4 2 

P12 5 2 

P13 4 2 

Management  

P14 2 2 

P15 2 3 

P16 3 2 

P17 3 2 

Environment 

P18 4 1 

P19 3 1 

P20 1 1 

P21 2 1 

Source: own work. 3 

In order to identify the main causes of the problem, i.e. those causes that significantly affect 4 

the loss of the expected level of quality and generate significant costs, the team of experts used 5 

a matrix diagram. The graphical representation of the assessment results on a four-quadrant 6 

matrix grid provides information that facilitates the analysis of the critical distribution of the 7 

causes of the problem. The result is shown in Figure 4.  8 

 9 

Figure 4. Assessment of the impact of potential causes on the occurrence of the investigated casting 10 
non-conformity in terms of quality and cost. 11 

Source: own work. 12 
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The critical area, i.e. the upper right field marked with a dotted line, indicates the main 1 

causes of the quality problem. The following potential causes are located in this field:  2 

P1 – mould temperature too low, P2 – poor mould venting, P3 – mould filling temperature too 3 

low, P4 – incorrect gating system, P5 – mould moisture too high, P6 – core moisture too high. 4 

Table 2 summarises the impact of potential causes on the presence of the analysed  5 

non-conformity. 6 

Table 2. 7 
Synthetic analysis of the impact of potential causes on the presence of the analysed  8 

non-compliance 9 

Possible reason Synthetic description of the impact 

P1 mould temperature 

too low 

Too low a mould temperature affects the crystallisation time. Slow solidification 

increases the porosity of the alloy and the presence of oxides in the casting. 

P2 poor mould venting Incorrect selection of vacuum parameters causes improper venting of the mould, 

which ‘traps’ air in the casting, thereby increasing gas porosity. 

P3 mould filling 

temperature too low 

If the mould filling temperature is too low (the liquid alloy is kept in the ladle or 

heating furnace for too long), this may lead to an increase in its gas content. 

P4 incorrect filling 

system 

Its incorrect design of the pouring system, especially in castings characterised by 

complex geometry and varying wall thicknesses, contributes to increased porosity 

in the more massive parts of the casting. 

P5 excessive mould 

humidity Excessive moisture in the mould or casting core causes blisters to form in 

castings, as water evaporates rapidly on contact with hot metal. P6 excessive moisture 

in the cores 

Source: own work based on: (Parlak, Emel, 2023; Song et al., 2021; Lichy et al., 2016). 10 

After conducting a qualitative and cost analysis and identifying the main causes of leakage 11 

(oxide inclusions through the wall) in the control panel cover casting, a brainwriting session 12 

was held to generate a comprehensive list of improvement measures. The improvement 13 

measures included the following guidelines: 14 

 selection of appropriate process parameters (analysis of vacuum parameter selection), 15 

 simulation of mould cavity filling and solidification, 16 

 introduction of precise stage and final control, 17 

 constant monitoring of mould temperature, mould and core moisture levels, 18 

 reconstruction and optimisation of the mould gating system, 19 

 implementation of the TPM (Total Productive Maintenance) method, in order to achieve 20 

maximum efficiency in the use of machinery and employee engagement, 21 

 development of workstation instructions in the Foundry area, 22 

 training of foundry department employees and creation of a quality-oriented 23 

organisational culture. 24 

The aim of implementing the proposed improvement measures was to improve the quality 25 

of cast products while minimising costs related to repairs, complaints and disposal  26 

of non-compliant products. The implementation of the specified measures in the analysed 27 

company will bring a wide range of benefits in terms of quality, costs, technology and 28 

management.  29 
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The developed model can support management in the event of quality problems.  1 

The application of the developed model enables analyses to be carried out while maintaining 2 

the quality-cost relationship. In the industrial sphere, this relationship is based on an analysis 3 

of the sum of all expenses related to the detection and correction of errors and the prevention 4 

of defects. Optimisation in this relationship involves investing in corrective, preventive and 5 

evaluative measures, which in the long term significantly increases and stabilises product 6 

quality and reduces costs associated with quality issues and failures (internal and external), 7 

leading to greater customer satisfaction and competitive advantage. 8 

4. Summary and conclusion  9 

The issue of leaks in aluminium alloy products is a serious one, given the current increase 10 

in requirements for the service life of cast components, which results from their use, 11 

increasingly aware consumers, growing competition, pressure for sustainable development and 12 

technological progress. For this reason, it was reasonable to set the goal of developing a quality 13 

and cost improvement model for cast products. The model contains an integral methodological 14 

configuration that makes it possible to assess the degree of significance of potential causes of 15 

identified critical non-conformities in terms of quality and cost, and in a structured way supports 16 

optimisation activities and the resolution of quality issues.  17 

A practical verification of the developed quality and cost model for improving cast products 18 

was carried out, which confirmed its correctness and usefulness in the industrial sector.  19 

The analysis concerned the casting of a control panel, whose manufacturing process had lost its 20 

quality stability due to design changes. The critical non-conformities were identified as oxide 21 

inclusions throughout the casting wall, causing leaks. In the further course of the proceedings, 22 

the main causes of non-conformities were identified. These were: too low mould temperature, 23 

poor mould venting, too low mould filling temperature, improper gating system, too high mould 24 

and core moisture content. Improvement measures appropriate to the situation and capabilities 25 

of the company were also proposed. It was proposed to implement specific technological 26 

changes in the examined process, implement TPM, develop workstation instructions in the 27 

foundry area and conduct training. 28 

The proposed model can be a component of activities supporting quality management 29 

processes. It is a logical model and relatively easy to apply in practice, and at the same time, 30 

this analysis significantly increases the amount of information about the analysed problem. 31 

Future research directions will focus on implementing the presented model in relation to 32 

products in the company in accordance with the concept of continuous improvement.  33 

Future work will focus on expanding the model towards integration with data collected and 34 

functioning in real time. 35 
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