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Abstract: In the context of the rapidly changing and complex automotive industry, the 8D methodology stands out as a vital tool for continuous process improvement through a systematic approach to problem-solving and quality management. This paper offers an exposition of the 8D methodology, a highly effective quality management tool for addressing internal and external problems, specifically focusing on its practical application in the automotive industry. By analysing real-world case studies, we demonstrate how this methodology is effectively applied in practice, outlining the steps involved in problem identification and resolution and the long-term benefits of its implementation. This paper underscores the critical role of quality in ongoing operations and the necessity for dedicated implementation and oversight of the quality management system to ensure long-term success in the automotive industry in Serbia.
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1. introduction
As one of the key sectors of the world economy, the automotive industry represents a complex and dynamic field that constantly strives for innovation and optimization. In its pursuit of excellence, quality management has become a central pillar that enables manufacturers to meet high standards and their users' expectations. When it comes to suppliers of final car manufacturers, products come out of one line in an average of three seconds, that is, an average of 20 products per minute. If those products do not comply with the specifications and cannot be finished, whatever the selling price of that product is, the quality losses are measured in thousands or hundreds of monetary units. For this reason, it is necessary to apply methods that will prevent when the slightest non-compliance, whether internal or external, occurs, that the problem does not escalate further, and the losses in that situation are the least possible. Therefore, the 8D methodology stands out as one of the most effective solutions that quality management can offer.

The 8D methodology represents a comprehensive approach to solving problems and improving quality in production and business processes (Glogovac & Ruso, 2023). Its roots date back to the middle of the 20th century and were developed to address and eliminate complex problems in production processes. Initially, Ford Motor Company played a key role in formulating and promoting the 8D methodology, optimising its production lines and improving its vehicle quality (Ionescu et al., 2022). Each of the eight steps has its own specific goal and set of tools which are used to analyse and solve problems (Banica & Belu, 2019). 

Based on the aforementioned, this paper aims to show the application of the 8D methodology in the automotive industry in Serbia (production of cable sets and window lifters on cars). The importance of continuous quality management in the automotive industry has been proven through detailed analysis and study of real scenarios. It is clear that integrating quality methodologies helps maintain product quality and efficiently identifies and solves problems while guaranteeing the safety and satisfaction of end users.
2. tHE 8D methodology
This 8D methodology, which has its roots in the middle of the 20th century, was developed to address and eliminate complex problems in production processes. The U.S. government initially employed the 8D method during World War II under the designation of Military Standard 1520 (Aichouni et al., 2021). Later, Ford Motor Company played a key role in formulating and promoting the 8D methodology, using it to optimise its production lines and improve the quality of its vehicles (Ionescu et al., 2022). 

The key to the success of the 8D methodology lies in its eight disciplined steps that are systematically followed in the problem-solving process. These steps include (Divanoğlu & Taş, 2022; Realyvásquez-Vargas et al., 2020; ):
· Team formation;
· Problem Description;
· Implementation and verification of temporary measures;
· Identification and verification of the cause of the problem;
· Selection and verification of corrective measures;
· Implementation of corrective measures;
· Take preventive measures;
· Congratulate your team.

The first phase involves the formation of a team that should consist of experts with different skills and experiences relevant to the problem being solved (Kaplík et al., 2013). In the second phase, a detailed description of the problem is developed using comprehensive data and information. The goal is to understand the problem down to the smallest detail, laying the groundwork for the next steps in the process (Adelekan, 2020). The third phase involves developing and implementing temporary solutions that can control the problem until a final solution is developed (ASQ, 2020). The next, fourth stage, is perhaps one of the most important. In this phase, the team tries to identify the root causes of the problem. This process uses methodologies such as the Ishikawa diagram or the "5 Why" technique. After identifying the root causes, the team moves to the fifth phase, where permanent solutions are developed and verified (Savković et al., 2021). The selected solutions are implemented in real working conditions in the sixth phase. The team must closely monitor this process to ensure that the solutions are implemented correctly and work as planned. The seventh phase focuses on preventing future problems and analyzing processes and systems to identify and eliminate potential problems before they occur. Finally, the eighth stage is an opportunity for the team to be rewarded and recognized for their efforts and success. Here, the team needs time to reflect on the process and learn from the experience, setting the stage for future success (Savković et al., 2021). Through all these stages, the 8D methodology promotes systematic, disciplined and team-based problem-solving, helping organizations effectively face and overcome challenges in a dynamic and competitive business environment.
One of the disadvantages of using the 8D methodology is that it is often used as a one-page problem-reporting process, with the requirement that the report must be completed within 24 hours. However, some steps can be completed within a few hours, while others may take weeks.

One of the disadvantages of using the 8D methodology is that it is often used as a one-page problem-reporting process, with the requirement that the report must be completed within 24 hours. However, some steps can be completed within a few hours, while others may take weeks (Aichouni et al., 2021). Nevertheless, following cases show long-term benefits for the automotive industry such as improved product quality, enhanced customer satisfaction, cost savings, increased efficiency, supplier relationship improvement, knowledge retention and organizational learning, and regulatory compliance and reputation (Rathi et al., 2022; Phanden et al., 2022; George et al., 2021).
2.1. Case study on the example of cable production in Serbia

An international Japanese company produces and distributes cable sets and wire systems for the automotive industry. It employs 1,700 workers in Serbia and is headquartered in an industrial zone in the west of Serbia. A customer of Mercedes-Benz (Rastatt, Germany) objected that the 60 packaging of the product XCV MB-23 did not correspond to the ordered specifications (instead of different coloured cables, black ones were supplied). The acceptance inspection indicated a problem with the colour of the plastic for the final coating and joining of the PLC ST2 product, but it was decided to accept it and use it in production.
In the first phase, a team was formed from the quality, procurement, receiving control, production, and logistics sectors. The team leader was from the quality department. The role of the person in the quality sector is to create 8D reports and troubleshoot. The procurement person is in charge of communication with suppliers, and receiving control refers to raw materials. The role of the production person was to oversee production, while the logistics person was in charge of inventory management. This first step defined the original deadlines for solving the problem. In the second step, we defined the problem, which was preceded by the 5W2H is/is not analysis shown in Table 1.

Table 1: 5W2H – Defining the problem
	5W2H
	√
	X

	Who? To whom?
	Who affects the problem?
Procurement, production, receiving control.
Who first noticed the problem?
User.
Who did he report the problem to?
To the sales manager.
	Who is not affected by the problem?
Transportation.
Who did not notice/find the problem?
Warehouseman.

	What? Which?
	What kind of problem is that?
Wrong colour of cables on delivery.
Who has a problem?
The colour of the plastic used to cover the XCV MB-23.
What happens to the process and the correction - containment of the problem?
Urgent procurement of necessary raw materials and finishing of cable sets.
Do we have physical evidence of this problem?
Complaint, order and receipt, email confirmation.
	What does not have a problem?
Cable reliability.
What could happen but did not?
The cables, in addition to the wrong colour, were also defective.
What could be a problem but is not?
Besides "Mercedes-Benz", other partners (users) receive the wrong delivery.

	Why?
	Why is it a problem (quality of work)?
Because the color of the cables defines its use
	Why is that not a problem?
Because it was noticed in time and a larger scale problem did not occur.

	Where?
	Where was the problem noticed?
User code - "Mercedes Benz".
Where did the problem occur?
Plant for the production of cable sets i
wire systems.
	Where could the problem be located but is not?
At the warehouse (logistics).
Where else could the problem be located but is not?
At the supplier

	When?
	When was the problem first noticed?
November 2, 2018, 5 p.m.
Until when was the problem noticed?
2.11./3.11./4.11.2018.
	When the problem could have been noticed, but was not?
Before delivery to the user, 20.10.2018

	How much?
	Amount of problem (unit of measure)?
60 packs of XCV MB-23 and 30 packs in stock (unused).
How much is the cost problem in money, people, and time?
- Shipping costs,
- The cost of keeping the goods in stock until delivery to the new user.
	How much of a problem could it be quantitatively, but isn't?
600 packs for all partners (users).
How big of a problem could it have been, but wasn't?
That all partners were sent the wrong colour of cables.

	How often?
	What is the trend of the problem (continuous, random, cyclical)?
By accident.
Has the problem occurred before?
It's not.
	What would that trend be, but it's not?
Repeat wrong order by procurement.



The receiving control received the raw materials and pointed out the problem that the colour of the raw materials was not in accordance with the specification and purchase order. Due to the delivery deadline, the production supervisor received cables that were not in accordance with the specification for further production, in which he consulted with the production manager and the sales manager. In the third step, we moved on to defining urgent corrective measures. The results of the meeting in the form of an action plan are shown in Table 2.

Table 2: An action plan for solving the problem of delivery of wrong cables
	Action
	Problem
	Corrective measures
	How is it verified?
	Action
	Responsible person
	Planned
	Accomplished
	Status

	A1
	XCVMB-23
	order correction
	corrected order
	delivery of goods that are in accordance with the specification and order in the shortest possible time
	Procurement Officer
	10.11.
2018
	10.11.
2018
	executed

	A2
	XCVMB-23
	production and delivery of cables in the shortest possible time
	production report

delivery report
	production of cables according to specification and order
	head of the production shift
	11.11.
2018
	14.11.
2018
	In progress

	A3
	XCVMB-23
	finding the user for the returned goods, but also its control before that
	report on the performed control

bid sent
	search of the database of potential users. Controlling raw materials and products within tolerance limits
	marketing;
quality control
	10.11.
2018
	12.11.
2018
	executed

	A4
	XCVMB-23
	check whether there are suitable goods in stock for Mercedes-Benz
	electronic inspection
	checking the system for insight into the state of goods in stock
	warehouseman
	05.11.
2018
	05.11.
2018
	executed

	A5
	XCVMB-23
	increase the level of safety stocks of raw materials and finished products
	inventory status report
	ordering supplies when they reach their minimum
	warehouseman; Procurement Officer
	06.11.
2018
	11.11.
2018
	executed



The assembled team, after defining the problem, observed the following causes:
· inadequate order;
· tolerated release of raw materials into the production process by management;
· inadequate inventory management;
· non-reaction of the control when identifying the problem.

After that, we got into the depth of the problem and, through the "5 why" method,
answered three questions:
· "Why does the problem exist?";
Because the user filed a complaint
Because the delivery was inconsistent with the order.
Because the supplied cables are the wrong colour.
Because the receiving control tolerates errors, procurement, and sales.
Because there was not enough stock in the warehouse.
· "Why was the problem not discovered?"
Because the purchasing manager did not place the right order.
Because he had no insight into the current situation.
Because their inventory database was out of date
Because the storekeeper did not make changes to the database.
Because the storekeeper is on sick leave, his replacement was not informed about the changes.
· "What is the systemic main cause?".
Approving the sending of an inadequate delivery to the customer
Production of one type of cables
Receiving control released only one colour of plastic into production.
Lack of multi-coloured plastic.
Mismatch of raw material stocks and production needs

After identifying the cause of the problem, the team moved on to defining it corrective measures. The following corrective measures are defined:
· Increase the level of safety stocks of raw materials;
· Increase the level of safety stocks of finished products;
· When sending the purchase order via email, put it in the CC procurement supervisor to review the order;
· Certificate of training of the replacement worker, as well as the presence of the competent persons and work control of replacement workers;
· Checking whether the workers are instructed in the content of the procedure for reacting in disputed situations.

In relation to previously defined measures, the meeting also created action plan where the status of measures will be monitored. The action plan is shown in table 3.

	Action
	Problem
	Corrective measures
	How is it verified?
	Action
	Responsible person
	Planned
	Accomplished
	Status

	A6
	XCVMB-23
	increase the level of safety stocks of raw materials
	inventory status report
	ordering supplies when they reach their minimum
	warehouseman 

procurement officer
	06.11.
2018
	11.11.2018
	executed

	A7
	XCVMB-23
	increase the level of safety stocks of finished products
	report on the stock of finished products
	produce an inventory of finished goods that will represent the authorized inventory level
	Production Manager
	06.11.
2018
	11.11.2018
	executed

	A8
	XCVMB-23
	when sending the purchase order by e-mail, put the procurement supervisor in the cc to check the order
	
	
	sales supervisor
	05.11.2018
	05.11.2018
	executed

	A9
	XCVMB-23
	confirmation of the training of the replacement worker, as well as the presence of the competent person and the work controller of the replacement worker
	training certificate
	conducting training
	HR manager
	05.11.2018
	05.11.2018
	executed

	A10
	XCVMB-23
	checking whether workers are instructed in the content of the procedure for responding in disputed situations
	verification certificate
	checking the knowledge of the workers in the procedure;
simulation of the mentioned situation
	Quality Controller
	05.11.2018
	05.11.2018
	executed



After the implementation of corrective measures, the next step was the implementation of measures that would check and ensure the effectiveness of corrective measures. The following validation measures are defined: 
· The procurement supervisor conducts unannounced safety stock checks of raw materials and finished products at least two times per month, comparing the checks with the users' purchase orders.
· The procurement supervisor must verify the e-mail by comparing it to the user's purchase and raw material orders.
· Confirmation of the training of the replacement worker, as well as the presence of competent persons and control of the work of replacement workers.
· Checking whether the workers are instructed in the content of the Procedure for reacting in disputed situations.			
· When formatting the lines with equations, the number of the equation should be aligned right, and the equation placed in the centre.

Within the next step of the method, preventive measures are additionally defined and preventive measures so that the same problem would not be repeated on other lines or with other products. The defined preventive measure is to show the employees the production plan for the next two weeks and provide insight into the stock status using the application.

As part of the final step, the team is commended for the results achieved, and the complaint is officially closed.

2.2. Case study on the example of window lifters on cars in Serbia

A company producing electric motors for raising window lifters on cars faced a customer's complaint that after installation in the vehicle, the raisers were very noisy, 10 decibels above the upper tolerance. A team of experts from the company immediately approached this problem very seriously using the 8D methodology:
· D1: Formation of the team - A multidisciplinary team of engineers was assembled from the company and from the same company from other countries, as well as experts from the field of quality and production.
· D2: Description of the problem—In the second step, a serious analysis and collection of facts and evidence related to the problem were undertaken.
· D3: Temporary measures—As part of the protective measures, additional noise testing was immediately introduced for all new products on the line itself. For existing products in stock, in the company, at the customer's place, and in transport, an urgent inspection was organized to see if they are within tolerance limits when it comes to noise. Everyone on the line and all relevant participants were informed of the problem.
· D4: Identification of the cause of the problem - Further detailed analysis revealed that the problem arose because the screw on the armature, which is an integral part of the engine, was damaged, which in contact with the gear, produces greater vibrations and noise when under load. The problem was caused by the machine that processes the main screw of the armature, making the auger. The problem was not detected because the lifters are tested on the line itself without load, while under load, they are tested in the laboratory by sampling.
· D5: Selection of corrective measures - Corrective measures were defined, which were related to the repair of the machine tool for processing the screw worm, and its frequent checks were defined. When it comes to detection, the noise check under load is significantly increased.
· D6: Implementation of permanent solutions - All solutions were implemented within the given period. The customer agreed with the technical and management solutions.
· D7: Preventive measures—The same solutions have also been implemented on other lines to ensure that a similar problem does not occur again.
· D8: Teamwork and recognition—The technical director praised the team for their quick response and successful solution to the problem, after which this complaint was officially closed and signed.

4. conclusion
This paper focused on the complex and dynamic field of quality management in the automotive industry context, with a special focus on the methodology used globally and in Serbia. After the introductory part, the 8D methodology is described, and its history, development stages, and problem-solving application are discussed. Two case studies show how this methodology can be used in practice, highlighting its advantages and the challenges companies may face during implementation. The importance of continuous quality management in the automotive industry has been proven through detailed analysis and study of real scenarios. The 8D methodology helps maintain product quality and identify and solve problems efficiently while guaranteeing the safety and satisfaction of end users. Although, in any case, it is a better option for the company itself to implement preventive methods to do everything to prevent the problem from occurring, it is important that it also knows several methods, which, when a problem (internal or external) occurs, it will be able to get out of it. For the mentioned reason, the 8D methodology, which is the main topic of this paper, has been proven to contain steps that will help the company overcome any challenge it faces. By skipping any step or applying it inadequately, the company risks neglecting some important aspects of defining or solving the problem. This can lead to the repetition of the same problem because it was not solved correctly, as the method requires. 
Future research can play a key role in refining and expanding the application of the 8D methodology. This will help ensure that it remains relevant and effective in a rapidly changing industrial environment. Such research can enhance the methodology and offer valuable insights for its implementation in various settings, ultimately leading to improved quality management practices in the automotive industry and other sectors.
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