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Abstract

The article presents the use of OEE metric to evaluate the effectiveness of the rolling mill line used for
production of medium steel sections. Achieving maximum effectiveness of machinery and equipment by
shortening the production cycle, resulting from continuous and uninterrupted flow of material results from Lean
management, which is the result of continuous evolution and development of the concept of production
management in industrial enterprises. More and more companies come to the conclusion that their success
on the market decides the stable operation of machines and equipment used in the production process. One
of the measures used to assess the level of utilization of owned machinery is OEE, the use of which allows to
improve the productivity and effectiveness of the manufacturing process. The article presents the results of
effectiveness evaluation of the rolling mill line used for production of medium steel sections by using OEE
metric in a period of one year. Classification and quantification the reasons for standstills the rolling mill line
by using the Pareto-Lorenz diagram were conducted. They have been identified and grouped root causes of
rolling line stops by using the Ishikawa diagram. The article concludes with proposals to improve the
effectiveness of maintenance of analyzed rolling mill lines.
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1. INTRODUCTION

Machinery and equipment are treated as strategic assets of the company, because they participate directly in
the course of the technological process, during it is created the product quality and added value for the
customer [1]. Nowadays, in an era of increased competition in both product quality and their price are very
important to customers. The price of products can be reduced without affecting product quality through
appropriate use of equipment used in the production technology [2, 3]. Optimizing the functionality and duration
of uninterrupted work of equipment is an important issue associated with increased business performance of
its competitiveness on the market in each industry [4, 5]. In many companies, each machines certainly could
operate more efficiently. Research shows that most devices produce only half of what could, the total resource
utilization is on the level of 30-50% [6]. To increase the effectiveness of machine and devices, it is important
to know on what level of machines are currently being used. To find out about this, it's best to use some
indicator. One of the indicators measuring the effectiveness of machines is OEE. Using this measure is very
important. Information about the OEE percentage value give the close and true knowledge about the
production effectiveness and increase this indicator by even a few percent brings the company huge financial
benefits [7]. The aim of each company, its management is taking such action, which will increase the value of
the OEE.

The aim of this article was to present the results of the use OEE to measure the effectiveness of the rolling mill
producing medium sections in one of the largest companies in the metallurgical sector in Poland. Also
presented in order to refine the analysis, usage of two classic quality tools, ie. Pareto-Lorenz and Ishikiawa
diagram for quantification and classification of the reasons for standstill the rolling mill line. Based on the
information were proposed actions increasing OEE level. An attempt was made to shorten the cycle of rolling
and improve the process implemented on the analyzed rolling mill line.
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2. OEE INDICATOR AS A MEASURE OF THE MACHINES EFFECTIVENESS

The OEE factor - Overall Equipment Effectiveness - is a key standard concerning effectiveness of machines,
individual posts, production teams as well as assembly lines used in the TPM program - Total Productive
Maintenance [8]. Its idea consists of comparing machine usage to ideal usage, that means to the situation
when production and its preparation are conducted according to a schedule [6]. OEE is interpreted as the
multiplication of Availability, Performance and Quality. Availability takes into account Down Time Loss, and is
calculated as: Availability = Operating Time / Planned Production Time. Performance takes into account
Speed Loss, and is calculated as: Performance = (Ideal Cycle Time * Total Pieces) / Operating Time. Quality
takes into account Quality Loss, and is calculated as: Quality = Good Pieces / Total Pieces. OEE takes into
account all three OEE Factors, and is calculated as: OEE = Availability x Performance x Quality [9, 10].

The improvement of OEE is via looking into the six big losses which are responsible for availability,
performance ratio, as well as quality ratio of OEE and are classified under three main losses [11]. This metric
allows to monitoring of elements influencing on company’s productivity: level of product’s quality, speed and
capacity, time of machine availability [12, 13, 14]. Having calculated the OEE value for each machine
participating in the process, the values need to be compared. For adequate evaluation of the machine
efficiency, it is essential to analyze the data in a long-term perspective and then adopting an average, mean
result [15].

Knowing the OEE rate for particular machines and equipment helps to assess the efficiency of machine usage,
and in consequence the entire process from the perspective of equipment and devices. Based on the acquired
data, it is possible to evaluate the conditions and maintenance of technical units and objects, resulting from
the contemporary production plan [16].

3. OEE CALCULATION FOR THE ROLLING MILL LINE

3.1. Rules of the rolling mill time losses classification

To analyze the efficiency of the rolling mill with the use of OEE indicator [17] a division of time losses were
divided into three categories: availability, performance and quality to increase the overall performance of
equipment [18]. For the calculation availability losses, data containing information relating to the settlement of
monthly working time of the rolling mill line was used. The time was divided into 4 categories: 1. Time calendar,
informing about the number of hours available in a given month, 2. Standstill associated with such activities
as: repairs, planned shutdowns, etc. divided into: repairs, planned shutdowns, other planned shutdowns,
3. Running time, informing about the number of hours available during which the process could be realized,
4. Total breaks, which include: technological breaks, mechanical, electrical, energy-related, external, other.

To calculate the performance losses was used data containing information about the total production volume
realized in different settlement periods and output, which could be realized during the operation time and was
not realized due to unplanned shutdowns of rolling mill line.

For the calculation of quality losses was used data containing information about the total size of the batch,
from which we get the final product and volumes of baling production.

The study was conducted within 12 months. Unit of account was one month.

3.2. OEE indicator calculation for a period of one month

Table 1 shows the results of the settlement time of the rolling mill line for a period of one month - January.
Table 2 provides more details about the value of production in the analyzed period of time. Figure 1 is a
column diagram showing the distribution of disruptions (losses) occurring on the analyzed production line. The
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time in the table 1 and 2 and in the Figure 1 saved in the form of 00:00:00, where the first number determines
the number of hours, the second - the number of minutes, the third - the number of seconds.

Table 1 Monthly settlement of the work time and breaks for the rolling mill line

Calendar time Planned shutdowns (hr:min:sec) Running time (hr:min:sec)
(hr:min:sec)
Repair Planned Other

744:00:00 0:00:00 11:30:00 0:00:00 732:30:00
Rolling time Total breaks | Technological breaks (hr:min:sec) Total
(hr:min:sec) (hr:min:sec) technological

Rebuild Pass Other break's

(hr:min:sec)

444:50:00 287:40:00 96:50:00 14:00:00 66:55:00 177:45:00
Mechanical Electrical Energy- External Total (hr:min:sec)
(hr:min:sec) (hr:min:sec) | related (hr:min:sec)

(hr:min:sec)
11:20:00 4:05:00 0:30:00 37:35:00 56:25:00

Table 2 Monthly settlement of made production for the rolling mill line

Batch for production (ton) Raw production [ton] Scrap (ton)
44020 42600 99

Baling production (ton) Sent production (ton)
40742 38370

OEE indicators calculation:

Operating Time _ 444:50 _ 444.83
Planned Production Time 621:40 621.67

= 71.55%.

Availability =

Ideal Cycle Time x Total Pieces _ 00:00:36 x 44020 _ 0.01x44020 _ 440.2
Operating Time - 444:50 T 44483 44483

= 98.96%.

Performance =

Good Production _ 40742
Total Production 42600

Quality = = 92.55%.

OEE = Availability x Per formance x Quality = 71.55% x98.96% x 92.55% = 65.53%.
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Figure 1 Monthly distribution of production disruptions and other time categories for the rolling mill line
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3.3. Summary of OEE indicators for a period of one year

In the Figure 2 the results of OEE indicator and its sub-indicators calculation were presented in the period
of 12 months and they were compared the average value for these indicators with the value adopted as a
World Class OEE.
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Figure 2 Distribution of OEE indicators values in the period of 12 months (a) and the comparison the actual
value of TPM’s indicators with the World Class OEE for the rolling mill line (b)

Analysis of OEE during the year indicates that the performance line indicator in the production process of
medium still sections ranks as the average level of 64.7 % in the 12-month period and it is lower than OEE
World Class value. The biggest impact on the low level of OEE indicator was losses related to the availability,
the level of which fluctuated significantly in the considered period, having attained the highest level of 82.84 %
in December, while the lowest in June, 54.78 %. This indicator remained at the average level of 72.2 %.
Performance indicator lowest level obtained in October - 89.96 % and the highest in November - 99.99 %, the
average for the examined period amounted to 97.6 %. The level of this indicator in a period of analyzed year
was higher than World Class for this indicator. While the quality indicator remained at an average of 92.0 %,
the highest level recorded in September, 93.06 %, while the lowest 91.21 % in August.

By comparing the calculated mean values for indicators TPM for the analyzed line with the values of the level
of the world's visible is a large potential for improvement in terms of ratios, the largest, with respect to the
availability indicator, the smallest with respect to the quality indicator. The elimination of unplanned shut downs,
that for the analyzed period amounted to 1714.75 hours, will increase the availability of the line work time,
which directly translate into an increase in the value of OEE. Performance indicator devices can be even more
raise during the optimization of charge, which is used in the process of rolling. The optimum charge size
(length, width, thickness) to allow faster processing of a single piece of material (the length of the heating,
rolling speed), optimization and more efficient cutting the band, already finished the steel section, on the length
ordered by the client.

4, CLASSIFICATION AND QUANTIFICATION OF THE ROLLING MILL LINE STANDSTILL REASONS
BASED ON ISHIKAWA AND PARETO-LORENZ DIAGRAM

To increase the value of the OEE indicator for the test line, made a comprehensive analysis of loss and their
causes related to low availability of the line. Information about the standstills of the analyzed line, collected
during its monitoring was based on data from the crop rotation report. Basis on it the eight basic, the most
often occurring groups of disturbance of the test lines connected with accessibility, such as: rebuilding, pass,
other technological, external, other finishing bank, mechanical, electrical, energy-related. There have been
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quantifying the causes of detention tested lines using the diagram Pareto-Lorenz (Figure 3) to indicate the
critical reasons for standstill.
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Figure 3 Pareto-Lorenz diagram to analyze the reasons for standstill the rolling mill

The most common reasons for detention tested lines include: rebuilding the line, other technological standstill,
external standstills, and other reasons connected with standstill of the finishing steel sections. Extracted during
the analysis of Pareto-Lorenz reasons, were further analyzed by Ishikawa diagram (Figure 4) [14, 15]. It was
made it possible to reach the lower levels of the reasons for the production line standstill.
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Figure 4 Ishikawa diagram for the root cause of standstill the rolling mill line
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In order to shorten the time of rebuilding of the rolling mill line, there is a need for a faster set-up the line and
campaign planning in such way that rolled profiles on the same or similar assembilies, the rollers were rolled
up after themselves. Other technological standstill and external are due to other causes, so they were divided
into further causes, which include: improving the equipment frames of rolling stand, improving cooling frames
of rolling stand, lack of SB-1 cooling band receiving, adjustment the section straightener, grinding the roll
surface, changing the pass of the rolling stand, adjustment of frames of rolling stand, building the rolling stands.

5. CONCLUSION

The aim of the research was to improve the efficiency of the rolling mill line that produces medium sections on
the basis of information obtained from the OEE analysis. Proposed specific improvement actions, the
implementation of which will increase the efficiency of the line and shorten the production cycle. Effective use
of the available time of the line is the primary factor in the production volume of the tested product. Information
about how, in fact, is as available time is important to determine the correct length of the production cycle of
the tested product. Knowledge of these values allows for precise work plan to develop the rolling mill plant.
The proposed method of evaluating the use of working timeline - OEE - made it possible to assess the
effectiveness of the use of the tested line from the point of view of the availability, performance and quality.
Usage the research tools such as Pareto-Lorenz and Ishikawa diagram allowed to identification, classification
of factors affecting the availability of the line, quantification these reasons, then eliminating or reducing the
possibility of their occurrence, which contributed to a better use of the tested lines and resulted in improving
the flow of goods.

Proposed improvement actions based on the information obtained through the analysis of OEE indicator.
Eliminating standstill time classified as external standstill, so related with the lack of frame rebuild to other
section allowed to increase the effective time of rolling of 443.92 hours. The desire to obtain a perfectly smooth
movement of material through the finishing part of rolling train with the use of Heijunka tool provide more
311.75 hours to the time of rolling. Standstills included as technical or mechanical, electrical, energy-related,
a total of 141.83 hours will be minimized through the implementation of the TPM program. The time spent on
the pass and rebuilding in amounts of 774.83 hours will be optimized using the SMED method. Continuous
monitoring will allow you to add more minutes to the time of rolling. According to the methodology Kaizen these
changes will be implemented in stages, continuously. Implementation of the listed solutions will affect:
prolonged rolling time, reduced standstills, optimize staying ingot in the furnace, reducing the time of rebuilding
and pass, increasing time and number of campaigns, increase volume of production, increase capacity of
rolling mill plant, savings obtained due to more efficient usage of media.

REFERENCES
[1] BORKOWSKI, S., SELEJDAK, J., SALAMON, SZ. Efektywnosc¢ eksploatacji maszyn i urzgdzen. Czestochowa:
Wydawnictwo Wydziatu Zarzgdzania Politechniki Czgstochowskiej, 2005. 219 p.

[2] CZAKWARII S., R., ROSAK, J. Efektywnos¢ pracy urzadzen w procesie przetworstwa mleka. In: Borkowski S.
(Ed.), Efektywnosc eksploatacji maszyn i zdolnosc¢ jako$ciowa procesu, Warszawa: Instytut Organizaciji
i Zarzgdzania w Przemysle ,ORGMASZ”, 2006, pp. 133-138.

[3] SYGUT, P., LABER, K., BORKOWSKI, S. Investigation of the non-uniform temperature distribution on the metallic
charge length during round bars rolling process. Manufacturing Technology, 2012, vol. 12, no. 13, pp. 260-263.

[4] OZADOWICZ, A. Obrazy termograficzne usprawniajgce profilaktyke i utrzymanie ruchu. Inzynieria & Utrzymanie
Ruchu Zaktadéw Przemystowych, 2006, vol. 10, pp. 1-7.

[5] SYGUT, P., MROZ, S., DYJA, H. The effect of non-uniform temperature distribution over the charge length on the
variation of longitudinal stresses during the continuous rolling process. Metallurgical and Mining Industry, 2011,
vol. 7, no. 3, pp. 3-6.

[6] MIKLER, J. Dostepnosc¢ i wykorzystanie urzgdzen. Inzynieria & Utrzymanie Ruchu Zaktadéw Przemystowych,
2005, vol. 6, pp. 1-8.

1874



JE x -
ME 1AL

2016 May 25t - 27th 2016, Brno, Czech Republic, EU

(7]

(8]

9]

(10]

(1]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

PURZYCKI, G. Wskaznik OEE, czyli jak w ciggu kilku miesiecy znaczgco zwiekszy¢ efektywnos¢ produkgciji.
Biuletyn Automatyki Astor, 2003, vol. 37, no. 3, pp. 7-9.

JIGNASHA P. ACHARYA, MAHARSHI J. BHATT. A brief literature review on Total Productive Maintenance. A
positive approach to solve manufacturing problem, International Journal of Advance Engineering and Research
Development, 2014, vol. 5, no. 1, pp. 1-8.

VORNE INDUSTRIES. The Fast Guide to OEE™, 2008, retrieved from: https://www.vorne.com/pdf/fast-quide-to-
oee.pdf.

RANTESHWAR SINGH, ASHISH M GOHIL, SANJAY DESAI. Total Productive Maintenance Implementation in
a machine shop: A Case Study. Procedia Engineering, 2013, vol. 51, 599 p.

CZERSKA, J. Jak wyznaczy¢ wskaznik efektywnosci maszyn OEE? Zarzgdzanie produkcjg w praktyce, 2007,
1/2,312 p.

KNOP, K., SELEJDAK J., MIELCZAREK, K. OEE versus PAMCO. The Comparison of Two Methods of Effective
Estimation Concerning Production Equipment. In: Borkowski S., Nabiatek M. (Eds.), Toyotarity. Knowledge Using
in Production Management, Dnipropetrovsk: Yurii V. Makovetsky, 2010, pp. 9-24.

SELEJDAK, J., KNOP, K. Analysis of Advantages Resulted from Improvement of an OEE Factor. In: Borkowski
S., Lipinski T. (Eds.), Quality. Technological Improvement, Trnava: TRIPSOFT, 2011, pp.85-98.

KRYNKE, M., MIELCZAREK, K., KNOP, K. Using Overall Equipment Effectiveness Indicator to Measure the
Level of Planned Production Time Usage of Sewing Machine. Production Engineering Archives, 2014, vol. 5, no.
4, pp. 6-9.

PUVANASVARAN, P., TEOH, Y.S., TAY, C.C. Consideration of demand rate in Overall Equipment Effectiveness
(OEE) on equipment with constant process time. Journal of Industrial Engineering and Management, 2013, 510 p.
LASZKIEWICZ, M. Utrzymanie ruchu to strategiczne aktywa firmy. Inzynieria & Utrzymanie Ruchu Zaktadow
Przemystowych, 2005, Marzec, 8 p.

NISTESH MUNDHADA, ADITYA WANKHEDE, BHAVESH BOHRA, Detail investigation, analysis and
implementation for improving quality/productivity in rolling mill. Jordan Journal of Mechanical and Industrial
Engineering, 2013, vol. 9, no. 2, pp. 125-129.

BADIGER, A.S. GANDHINATHAN, R., GAITONDE, V. N. A methodology to enhance equipment performance
using the OEE measure. European Journal of Industrial Engineering, 2008, vol. 3, no. 2, pp. 356-376.

1875



