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Abstract

One of the most frequently used methods of quality management in manufacturing and industrial enterprises
is the FMEA method. The FMEA (i.e. Failure mode and effects analysis) is a method of systematic prevention
of defects. It allows to specify actions to minimize the risk of defects' occurrence. The FMEA is most often
used wherever products with a high degree of complexity are manufactured or when the production process
is a multi-stage process or when in the production process many people take part. Due to its universal
character it is used in mass production, unit production, especially industrial production. The literature states
that this method can be widely used in the metallurgical industry. While conducting the FMEA analysis, the
knowledge and experience of employees working in higher positions, technologists, employees of quality
departments, but also directly production employees can be used, but also it can be treated as a motivation
tool for them. The purpose of the paper was to analyze quality of steel bars which are produced by one of the
steelwork in Poland. The FMEA method was used for this analysis. The cause and effect are presented for
each production problem. After calculating the risk priority number, corrective actions were proposed. After the
introduction of these corrective actions, the risk priority number was re-calculated to see if these actions have
caused the intended effect.
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1. INTRODUCTION

One of the most popular methods of quality management in Polish industrial enterprises is failure mode and
effects analysis (FMEA). The method, with its analysis of the risk of inconsistencies in the product or process,
helps eliminate the defects before they occur. This prevents from expenses connected with e.g. repairing
products that have to be incurred by the enterprise.

The FMEA method is a widely used quality management method and is especially effective in the case of the
analysis of complex products or processes. This analysis can concern an individual part or subassembly or
the entire product or part of the process (e.g. one operation) or the entire technological process.

The method is especially useful during the design stage, where the risk is evaluated for alternative solutions.
Weaknesses of an entire process or a product are evaluated and the suggestions for facilitation are made. A
particular focus is on inconsistencies and defects which occur the most or have the biggest effect on the entire
process [1].

FMEA allows for identification of the activities that minimize the risk of defects. FMEA is most often used where
products with high level of complexity are manufactured and many people take part in the manufacturing
process. Due to its universal character, the method is used in serial production, unit production and services
and administration [2-3].
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The aim of the paper was to analyze quality of steel bars produced by one of the steelworks in Poland. The
analysis was based on the FMEA method. One the risk priority number was computed; the corrective measures
were proposed. After implementation of these activities, the risk priority number was computed again in order
to verify whether the proposed measures produced the expected effects.

2. METHODOLOGY

FMEA is a technique that allows for identifications of defects and helps eliminate them. FMEA analysis is used
to identify and evaluate risks of occurrence of potential defects in individual parts of the product or in the
manufacturing process as well as the effects of these problems [4]. The method consists in analytical
determination of cause-and-effect relationships between potential product defects and taking into
consideration the criticality factor (risk) [5].

According to the literature, there are a number of objectives to conduct FMEA analysis in the entities [6-9]:
° consistent and regular elimination of the defects (weaknesses) in products (product structure) or

production process (e.g. processing) through recognition of actual causes of their generation and using
adequate means of prevention,

° avoiding occurrence of previously recognized as well as unknown defects in new products and
processes by using the knowledge and experiences from the previous analyses,

° identification of the activities which would eliminate or at least limit the likelihood of potential defects,

° documenting the process,

° analyses of the product or process and, based on the results, implementation of corrections or new
solutions which would effectively eliminate the source of defects,

° creating of the database in the form of corrective measures,

° increasingly high product complexity and, consequently, the danger of greater number of defects during

production and greater amount of complaints.

Therefore, it can be concluded that the FMEA method allows for introduction of new solutions, more
economical production processes and saving not only materials and used parts but first and foremost, save
the previous time.

It should be noted that in general, there are two types of FMEA analysis [4,10,11]:

° Project FMEA - it allows for doing things right for the first time. This analysis is aimed at identification of
factors that are likely to lead to potential disturbances in manufacturing processes is conducted in this
case. Project FMEA is used mainly at initial stages of designing of any technological processes before
the serial production is started i.e. production planning, and during serial production in order to improve
processes which are unsteady or do not ensure required performance.

° Process FMEA - it allows for identification of the problems and disturbances which can be observed
during performance of planned processes, oriented mainly towards optimization and reliability of the
product. This analysis allows for obtaining information about strengths and weaknesses of the product.
Apart from these preventive measures, this FMEA helps determine the actions which allow for making
decisions if a product already left the enterprise i.e. during transport or maintenance. The analysis may
concern not only the entire product or its assemblies but also subassemblies and, in exceptional cases,
only some parts. Conducting the FMEA analysis is especially recommended for implementation of
entirely new products, parts, materials and technologies if huge risk is generated for human safety or
the environment, if product failure (or defect) occurs or if the product is used in particularly critical and
difficult conditions.
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The literature emphasizes the following basic benefits of using FMEA [12-14]:

employee integration through solving problems in teams,

o using employee knowledge and consequently using better solutions for manufacturing products and
providing services,

. important reduction in the level of costs while increasing quality,

° improved efficiency of the analyzed process,

° improvement in opportunities to meet customer expectations and the respective customer satisfaction,

o increased customer satisfaction,

° increase in efficiency of activities oriented at improved quality, especially prevention of defects,

° improved product reliability,

° facilitation of information flow in the organization,

° development of data bank concerning the problems, their causes and methods to correct them etc.

An FMEA analysis for round bars manufactured in a rolling plant of a steelworks was performed in this paper.
The examinations were conducted in the period from September to December 2017. The FMEA analysis took
into consideration 11 most frequent defects of steel round bars. Causes and effects were determined for all
defects. Three priority numbers were determined: severity (S), probability (P) and detection (D). These
numbers were used to compute risk priority number (RPN). Next, the corrective measures were proposed.
After implementation of the corrective measures, the RPN was computed again.

The steelworks X is one of the biggest suppliers and steel importers in the European market, active in each
link of the steel supply chain. The enterprise has the plants which process scrap metals, steelworks, production
plants and warehouses all over the world. The Bar Rolling Plant, opened in September 1999 by an Italian
company, is the most modern production plant of this kind in the Central Europe. The investment allowed for
offering high-quality products that correspond to European standards.

From steel, commercial activity, financing trade, distribution through to warehousing, the steelworks processes
over million tons of steel products a year. With branches in 12 countries and additionally partnership
commercial offices all over the world, the company has long-term commercial contacts with world producers,
professional knowledge and resources that allow for supplies of any types of steel products in order to meet
customers' needs in all places of the world.

3. RESULTS
Table 1 presents the results of the FMEA analyses performed for steel bars produced by the company.

In order to sum up the analysis, a graphical interpretation of the results was developed as presented in
Figure 1. A critical value of RPN=60 was adopted due to the fact that they are used for steel structures as
these structures require behaving adequate parameters of materials used for their creation.

All the proposed corrective measures were implemented. After the implementation and renewed computation,
the implementation effects were evaluated. RPN was reduced in all cases.

The highest RPN number was observed in the case of N2 defect (teeming lap). They were caused by
mechanical damages. For this defect, corrective measures in the form of the rolling process analysis were
proposed. The highest increase in the value of RPN was also found for this defect.
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Table 1 FMEA for round bars [own study]
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Figure 1 Comparison of RPN before and after corrective measures were implemented [own study]

Another defect that involved high risk was N7, metallic inclusions, caused by improper alloy composition. In
this case, it is necessary to analyze proportions and amount of components.

The last defect which exceeded a critical RPN value is N10: hot tears, caused mechanical damages. The
analysis of the rolling process was also proposed in this case.

The enumerated most important defects make it impossible or substantially limit product function. Therefore,
it is important to reduce the involved risk.

4. CONCLUSION

An FMEA analysis of steel round bars produced by one of the steelworks in Poland was presented in this
paper. The examinations were conducted in the period from September to December 2017. The FMEA
analysis took into consideration 11 most frequent defects of steel round bars. The critical level was priority
number of 60.

It turned out that the most serious defects of steel round bars include teeming lap, metallic inclusions and hot
tears. Corrective activities were proposed for all the defects, followed by the FMEA analysis which confirmed
the necessity and efficiency of these activities.

The analysis demonstrated that FMEA can be successfully used in the foundry sector. Although the analysis
can be time-consuming, it is not as difficult as it may seem to be. Therefore, the paper can be used as a
recommendation for a broader use of the method.
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