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ABSTRACT: This paper presents an analysis of nonconforming products within a case 

study conducted in an automotive industry company. Utilizing monthly data over one year, 

the study examines trends in nonconformance and associated costs. Descriptive statistics 

reveal significant monthly variations in nonconforming products, while correlation analysis 

indicates a strong relationship between the frequency of nonconforming products and the 

incurred costs. The findings suggest that addressing the most frequent types of 

nonconforming products could lead to substantial cost reductions. Key recommendations 

include implementing targeted preventive measures, such as enhancing employee training, 

adhering to operational procedures, and optimizing machinery and equipment settings. 

Establishing a robust quality control system is essential for minimizing nonconformance. 

 

KEY WORDS: nonconforming products, automotive industry, costs, statistics 

© 2025 Published by University of Kragujevac, Faculty of Engineering 

  

                                                           

 

 
1 Nikola Komatina, University of Kragujevac, Faculty of Engineering, Kragujevac, 

nkomatina@kg.ac.rs, ,  https://orcid.org/0000-0001-6964-5673, (*Corresponding author) 

2 Danijela Tadić, University of Kragujevac, Faculty of Engineering, Kragujevac, galovic@kg.ac.rs,  

https://orcid.org/0000-0003-2236-967X 

3 Marko Djapan, University of Kragujevac, Faculty of Engineering, Kragujevac, djapan@kg.ac.rs,  

https://orcid.org/0000-0002-8016-8422 

https://doi.org/10.24874/mvm.2025.51.02.05
mailto:nkomatina@kg.ac.rs
https://orcid.org/0000-0001-6964-5673
mailto:galovic@kg.ac.rs
https://orcid.org/0000-0003-2236-967X
mailto:djapan@kg.ac.rs
https://orcid.org/0000-0002-8016-8422


 

Mobility & Vehicle Mechanics, Vol. 51, No. 2 (2025), pp 53-64 

 

 

KVANTITATIVNA ANALIZA NEUSAGLAŠENIH PROIZVODA: STUDIJA 

SLUČAJA U AUTOMOBILSKOJ INDUSTRIJI 

REZIME: Ovaj rad predstavlja analizu neusaglašenih proizvoda u okviru studije slučaja 

sprovedene u kompaniji automobilske industrije. Koristeći mesečne podatke tokom jedne 

godine, studija ispituje trendove u neusaglašenosti i povezanim troškovima. Deskriptivna 

statistika otkriva značajne mesečne varijacije u neusaglašenim proizvodima, dok 

korelaciona analiza ukazuje na jaku vezu između učestalosti neusaglašenih proizvoda i 

nastalih troškova. Rezultati sugerišu da bi rešavanje najčešćih tipova neusaglašenih 

proizvoda moglo dovesti do značajnog smanjenja troškova. Ključne preporuke uključuju 

sprovođenje ciljanih preventivnih mera, kao što su poboljšanje obuke zaposlenih, 

pridržavanje operativnih procedura i optimizacija podešavanja mašina i opreme. 

Uspostavljanje robusnog sistema kontrole kvaliteta je neophodno za minimiziranje 

neusaglašenosti. 

 

 

KLJUČNE REČI: neusaglašeni proizvodi, automobilska industrija, troškovi, statistika 
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QUANTITATIVE ANALYSIS OF NONCONFORMING PRODUCTS: A CASE 

STUDY IN THE AUTOMOTIVE INDUSTRY 

Nikola Komatina, Danijela Tadić, Marko Djapan 

1 INTRODUCTION 

One of the significant challenges faced by industrial enterprises is the occurrence of 

nonconforming products. The presence of nonconforming products can result in a lower 

output of conforming, or good and acceptable products, compared to what was planned in 

the production schedule. A nonconforming product is one that fails to meet the criteria for 

delivery to customers and, therefore, cannot be considered an acceptable outcome of the 

manufacturing process. Even if a company effectively plans and directs its production 

capacities according to forecasted demand, the occurrence of nonconforming products can 

significantly impact the execution of plans and the achievement of production goals. 

Nonconformities in the manufacturing process occur when a process or product does not 

meet defined requirements (such as standards, customer requirements, or defined plans and 

goals) [10]. Generally, nonconformities can result in various consequences, including 

inadequate product quality, loss of customer trust, and negative impacts on the company’s 

reputation. To effectively manage nonconformities, it is essential to establish procedures and 

mechanisms for their identification, analysis, and resolution. 

In this study, the occurrence of nonconforming products was analysed using descriptive 

statistics, interval ratings, and correlation analysis. The aim of this paper is to identify and 

analyse the causes of nonconforming products, as well as to evaluate their impact on the 

effectiveness of the manufacturing process. The analysis was further enriched with graphical 

representations and examples of applying specific statistical functions in Microsoft Excel. 

The case study presented in this paper is based on data from a company in the automotive 

industry. The company belongs to the category of small and medium-sized enterprises. Its 

product range consists of aluminium products processed on hydraulic presses. The 

company's primary product is radiator housings for electric vehicles, but its product range 

also includes other products obtained through similar processing methods. The company is 

certified according to the IATF 16949:2016 standard, which represents a quality 

management system tailored to the needs of the automotive industry. 

2 TYPES OF NONCONFORMITIES IN THE MANUFACTURING PROCESS 

In the manufacturing process, both major and minor nonconformities may arise. The 

difference between major and minor nonconformities is reflected in their consequences and 

the hierarchical level at which they occur [10]. 

Major nonconformities typically occur more frequently and can significantly impact 

productivity. They can directly lead to customer dissatisfaction and negatively affect the 

manufacturing process, resulting in increased costs, waste, and potential financial and other 

penalties for failing to meet specific standards. Minor nonconformities, on the other hand, 

are not as frequent and, even when they occur, can generally be easily detected and quickly 

resolved by production workers [10]. 
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Major nonconformities may include issues such as [16]: documentation problems, lack of 

management control, an absence of internal audits, inadequate employee training, and lack 

of customer feedback monitoring. These are systemic nonconformities that, starting from 

top management, affect all business processes, including the manufacturing process. 

Examples of minor nonconformities in an industrial setting might include missing training 

records or invoicing errors, while in the manufacturing process, minor nonconformities 

might manifest as unnoticed nonconforming products or improperly calibrated devices. If a 

minor nonconformity recurs too frequently, it is then considered a major nonconformity. For 

example, if a nonconforming product is not identified and removed over a long period, it is 

treated as a minor nonconformity. Conversely, if this issue happens daily, it indicates a more 

serious problem and is regarded as a major nonconformity [16]. 

This paper focuses on nonconforming products. It is considered essential for every company 

to establish and regularly update procedures for product control to ensure that products meet 

defined requirements. Nonconformity of products can result from defects arising in the 

manufacturing process, non-compliance with standard requirements, and issues with 

material supply. Additionally, product nonconformity may involve physical damage, 

dimensional irregularities, non-compliance with technical specifications, or lack of 

functionality. Such products do not meet the expected standards and are unacceptable to 

customers. 

Product nonconformity can negatively impact a company's reputation and may lead to 

customer loss or, at best, merely result in fines. Therefore, it is crucial to identify and 

address nonconformities promptly to ensure product quality and customer satisfaction. 

Implementing appropriate control measures and procedures can help reduce the number of 

nonconformities and enhance manufacturing process efficiency. 

Establishing a procedure for managing nonconforming products is crucial for both the 

manufacturing process and overall business operations. This procedure allows for effective 

and prompt responses to nonconformities in the manufacturing process and prevents them 

from reaching end customers. The process for handling nonconforming products is 

illustrated in Figure 1. 

 
Figure 1 Procedure for managing nonconforming products [13] 

When nonconforming products are identified, it is necessary to implement a system for 

labelling and segregating these products to prevent their mixing with conforming (correct) 

products. The labelling of nonconforming products should be clear and visible to avoid any 

confusion. The collection of data on nonconforming products involves gathering and 
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documenting information about the nonconformities, including details about the product, the 

time and place of detection, as well as other relevant information. This data is essential for 

the successful identification of the causes of nonconformities and the implementation of 

preventive and corrective actions. In the end, all relevant information about 

nonconformities, identified causes, and applied measures should be properly and thoroughly 

documented. This allows for monitoring improvements, evaluating the effectiveness of the 

implemented measures, and assessing the damage potentially caused by the nonconformities 

[13]. 

3 OVERVIEW OF NONCONFORMANCE MANAGEMENT PRACTICES 

The issue of nonconforming products has been extensively discussed in the relevant 

literature. Authors have approached this problem from various perspectives. For instance, 

papers [1, 17] have focused on the identification and analysis of nonconforming products. 

Additionally, a very common issue addressed in the literature is the prevention and 

management of nonconforming products [2, 11]. To approach the analysis of 

nonconforming products, some authors believe that it is essential to apply a specific 

methodology for their classification [4, 5]. 

In the automotive industry, the problem of nonconforming products has been primarily 

examined from the perspective of applying methods and tools for quality improvement [3, 7, 

12]. Some authors have looked at this problem through the analysis of quality control 

efficiency [15], while a number of authors have approached the issue by proposing quality 

improvement strategies in the automotive industry [6, 14]. 

In the context of addressing nonconforming products, one method that has proven to be 

highly useful is Failure Modes and Effects Analysis (FMEA). FMEA enables the systematic 

identification of potential nonconformities in the manufacturing process and the evaluation 

of their potential effects on product quality. This method helps prioritize nonconformities 

based on their severity, occurrence, and detectability, allowing for a focus on the most 

critical areas and the development of effective strategies to address them. In the automotive 

industry, FMEA is used to enhance the reliability and efficiency of manufacturing 

processes, significantly reducing the number of nonconforming products and improving 

overall customer satisfaction. Relevant literature includes studies where FMEA has been 

applied in the automotive industry to address nonconformity issues in the production 

process [8, 9]. 

4 CASE STUDY 

The subject of analysis in this paper is a company whose production facility is located in the 

vicinity of Kragujevac. The company’s headquarters is actually in Italy, while the 

production facility in the Republic of Serbia was established in 2013. The examined 

company is a supplier in the automotive industry's supply chain. In the Republic of Serbia, 

the company currently employs 52 workers, of which 42 are production operators. Thus, 

based on size criteria, this company can be classified as a small to medium-sized enterprise. 

Additionally, based on connectivity criteria, the company is part of a global supply chain. 

The company engages in mass production and operates at a mechanized technological level. 

Due to the confidentiality of the data and information presented, the name of the company 

under consideration is not disclosed. 

The company's product range consists of 25 types of parts, predominantly aluminium, which 

are further incorporated into various types and purposes of vehicles. The main product the 
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company supplies to its customers is a radiator grille for electric vehicles. The standard 

dimensions of the grille are 1400×1200 mm. Most of the products are manufactured using 

hydraulic presses, with additional manual and machine processing. In its production facility, 

the company currently operates 8 hydraulic presses, each with a maximum pressing force of 

500 tons. 

The production process involves several different job positions: 

 Team Leader 

 Quality Controller 

 Forklift Operator 

 Press Operator 

 Maintenance Operator 

 Warehouse Operator 

 Other Staff 

  

Production in this company is carried out in two shifts. Typically, the first shift operates at 

full capacity, utilizing the production equipment to its maximum and engaging 

approximately 2/3 of the production workforce. The second shift usually operates at reduced 

capacity, but, if necessary and in accordance with customer requirements, job reorganization 

is frequently carried out. 

4.1 Analysis of the Occurrence of Nonconforming Products 

The first issue addressed in this case study is the impact of nonconforming products on the 

effectiveness of the production process. The company produces 25 different types of 

products. The Quality Manager maintains records of the number of nonconforming products 

on a monthly basis for each product type. Figure 2 shows the number of nonconforming 

products over a one-year period. 

 
Figure 2 Number of nonconforming products on an annual basis for each product type 

considered (Source: internal company documentation) 

Figure 2 shows that the highest number of nonconforming products is associated with 

product types 𝑖 = 17 and 𝑖 = 20. This information is particularly important for the Quality 
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Manager. Analysing the presented data can provide insight into problematic segments of the 

production process. In other words, based on the displayed data, the Quality Manager can 

identify critical points in the manufacturing process. Subsequently, it becomes possible to 

identify the causes leading to the occurrence of nonconforming products, which could result 

in specific changes to the production process or modifications to quality control procedures. 

The occurrence of nonconformities in these two product types is most commonly due to: 

 Incorrect press adjustments, 

 Improper material placement, and 

 Inadequate initial quality control. 

In this case, it is crucial to conduct regular and proper quality control, as well as to train 

operators to recognize and promptly report any irregularities in the product manufacturing 

process. Additionally, proper maintenance and adjustment of presses and auxiliary tools are 

essential. 

For the Procurement and Logistics Manager, the number of nonconforming products on a 

monthly basis is also important, especially for the aforementioned two product types. The 

number of nonconforming products on a monthly basis for product types 𝑖 = 17 and 𝑖 =
20 is shown in Figure 3. The availability of this information is crucial for procuring raw 

materials and optimizing the logistics process. This enables the Logistics and Procurement 

Manager to manage inventory more efficiently, which further leads to a reduction in 

operational costs. 

 
Figure 3 Number of nonconforming products 𝑖 = 17 and 𝑖 = 20 on a monthly basis 

(Source: internal company documentation) 

Figure 3 shows a histogram of the quantity of nonconforming products 𝑖 = 17 and 𝑖 = 20 

on a monthly basis. The highest number of nonconforming products for product type 𝑖 = 17 

occurs in January, while the highest number for product type 𝑖 = 20 occurs in October. 

Based on these results, it can be concluded that organizing production was most demanding 

during these two months of the year under review. In other months, the impact of 

nonconformities of these two products on the effectiveness of the production process can be 

considered minimal. For example, issues with nonconforming products in the production 
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process, aside from January and October, could have been easily resolved if there were 

safety stock of the necessary raw materials. 

The number of nonconforming products primarily affects the effectiveness of the production 

process, which, in turn, impacts all business processes within the company. A high number 

of nonconforming products certainly leads to the inability to achieve set business goals. 

4.2 Costs Arising from the Occurrence of Nonconforming Products 

For the analysis of company operations, besides the quantity of nonconforming products, it 

is important to consider the costs incurred as a result of their occurrence. Figure 4 shows the 

costs associated with nonconforming products, specifically the costs directly related to the 

procurement of raw materials that remain unused as nonconforming products. These costs 

are expressed in euros and are presented for a period of one year. 

 

 
Figure 4 Costs Arising from the Occurrence of Nonconforming Products, Expressed in 

Euros 

Figure 4 shows that the costs arising from the occurrence of nonconforming products are 

highest in September, January, and October. However, these costs should not be disregarded 

in other months. For the Finance and Administration Manager, this information is crucial as 

it directly impacts the overall business operations of the company. 

Through further analysis of the costs of nonconforming products, their interval assessment 

has been determined. This analysis was performed using the descriptive statistics option 

within the Data Analysis package of Microsoft Excel, as shown in Figure 5. 



Quantitative analysis of nonconforming products: a case study in the automotive industry 

Mobility & Vehicle Mechanics, Vol. 51, No. 1, (2025), pp 53-64 

61 

 
Figure 5 Analysis of Costs Arising from the Occurrence of Nonconforming Products Using 

Descriptive Statistics (Data Analysis, Microsoft Excel) 

From the analysis shown in Figure 5, the interval estimate for the costs arising from the 

occurrence of nonconforming products is: 

6291,382 − 3709,637 ≤ 𝜇 ≤ 6291,382 + 3709,637 

2581,745 ≤ 𝜇 ≤ 10001,019 

Based on these results, it can be concluded that the expected value of the costs on a monthly 

basis may vary in the range from approximately 2500 to 10000 euros. In other words, these 

funds should be planned in advance and considered part of the financial plan. 

4.3 Relationship between the Number of Nonconforming Products and Generated 

Costs 

To improve product quality, the Quality Manager needs to take measures that will lead to a 

reduction in the number of nonconforming products. On the other hand, the implementation 

of these measures depends not only on the number of such products but also on the costs 

incurred due to their existence. To determine an appropriate set of measures, it is necessary 

to establish whether there is a correlation between the number of nonconforming products 

and the associated costs. In this study, the correlation was determined based on the 

correlation coefficient between these two variables (Tables 1 and 2). 

 

Table 1 Quantity and Costs of Nonconforming Products at the Annual Level (Source: 

Internal Company Documentation) 

𝒊 
Qu

antity 
Co

sts (Euros) 
𝒊 

Qu
antity 

Co
sts (Euros) 

𝑖 = 1 519 
271

1 
𝑖 = 14 476 

157
1 

𝑖 = 2 137 204 𝑖 = 15 173 501 

𝑖 = 3 10 1 𝑖 = 16 29 87 

𝑖 = 4 2 0 𝑖 = 17 
118

5 
423

5 

𝑖 = 5 332 113 𝑖 = 18 0 0 

𝑖 = 6 0 0 𝑖 = 19 0 0 

𝑖 = 7 0 0 𝑖 = 20 
108

2 
464

25 
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𝑖 = 8 10 8 𝑖 = 21 334 
110

21 

𝑖 = 9 30 7 𝑖 = 22 225 
405

1 

𝑖 = 10 0 0 𝑖 = 23 179 
242

5 

𝑖 = 11 0 0 𝑖 = 24 31 
139

7 

𝑖 = 12 101 332 𝑖 = 25 20 404 

𝑖 = 13 0 0    

 

Table 2 Correlation between Quantity and Costs of Nonconforming Products (Data 

Analysis, Microsoft Excel) 

 
Costs Nonconforming Products 

Costs 1 
 

Nonconforming Products 0.7 1 

The correlation coefficient between these two variables is 0.7. This result indicates a strong 

correlation between the number of nonconforming products and the associated costs. As the 

correlation coefficient is positive, it can be concluded that products with a higher incidence 

of nonconformity also generate the highest costs. Therefore, it is essential to first address the 

measures for the products with the highest incidence, specifically products 𝑖 = 17 and 𝑖 =
20, for which the cost per nonconforming product is 3.57 and 42.9 euros, respectively. 

In addition to the above, several other products also require special attention. The raw 

materials for products 𝑖 = 24, 𝑖 = 25, and 𝑖 = 21 are relatively expensive, so preventing 

nonconformities in these products should be prioritized through appropriate control 

measures. Notably, product 𝑖 = 21 has generated significant costs in the previous period. 

Based on this analysis, the Quality Manager can optimize the resource usage necessary for 

addressing nonconformity issues. This optimization can be achieved by improving the 

quality control processes, organizing employee training, and implementing other preventive 

measures. Additionally, it is important to note that managing nonconforming products is a 

continuous process requiring the engagement of all business processes, from raw material 

procurement to production, quality, logistics, and sales. 

5 CONCLUSIONS 

In this study, an analysis of nonconforming products was conducted. Based on the records 

of nonconforming products, which were kept on a monthly basis over the course of a year, 

the trend of their occurrence was analysed. Additionally, an analysis of the costs arising 

from nonconforming products was performed. Correlation analysis revealed that the types of 

nonconforming products that occur most frequently also generate the highest costs. This 

indicates that implementing appropriate preventive measures to prevent these 

nonconformities would have a significant impact on reducing costs. 

Some of the measures that should be undertaken to reduce the frequency of nonconforming 

products include adequate employee training, defining and strictly adhering to operational 

procedures, proper adjustment and preparation of machinery and equipment, and 
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establishing a reliable quality control system. If any of these measures are not implemented 

or are not executed properly, nonconforming products will continue to occur. 

To further enhance the effectiveness of the measures taken to address nonconforming 

products, it is crucial to establish a continuous improvement loop within the organization. 

This involves regularly reviewing and updating the preventive strategies based on feedback 

and new data. Engaging all relevant departments, such as procurement, production, quality 

control, logistics, and sales in this process ensures a holistic approach to problem-solving. 
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