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Abstract. This study aimed to identify the causes of significant problems
existing in the metallurgical sector, and a solution is proposed for the setup
process. We detail the theoretical background of the processes in the lean
manufacturing methodology, which will be applied to a rolling machine. Fur-
ther, we provide a brief description of the company and the sector’s problems.
We describe success stories of companies that implemented various lean man-
ufacturing tools. We also present some of the results achieved across sectors to
gain an in-depth understanding of the technique and a practical support of the
implemented model. Our proposal is based on the lean manufacturing
methodology; tools such as Single Minute Exchanges of Dies, Kaizen, 5S, and
value stream mapping (VSM) will be used to reduce setup times and to impact
machine layout and productivity positively. We also show the implementation
results of a pilot plan conducted in the company over a period of more than 3
months.

Keywords: Lean manufacturing � Setup � 5S � SMED � Availability �
Metallurgy

1 Introduction

This study presents the case study of a company dedicated to the transformation of non-
ferrous metals. This company faces problems related to low productivity, an envi-
ronment with poor order and cleanliness, and the lack of standardization in the setup
process. These factors directly affect the process flow effectiveness, causing unneces-
sary motion, excessive worker downtime, and high setup times.

Our proposal for a solution is based on lean manufacturing tools. In the case study,
we identified the process flow of the representative “busbar” product by means of a
current state value stream mapping (VSM). Thus, we managed to identify the main area
that experiences the lowest efficiency. Then, we mapped the process flow and started
the implementation of specific tools such as SMED to standardize activities and reduce
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setup times and the 5S method to improve the area order and reduce unnecessary
motion during setup. The scope of this project addresses only the area found to have the
lowest efficiency in the VSM. Furthermore, this study will focus on improvement to
develop the production line’s most representative products, known as busbar.

2 Literature Review

Lean manufacturing has significantly improved the performance of various industry
processes [1]. For example, the 5S tool was used to improve order and cleanliness
based on Japanese philosophies [2]. Chiarini presented a case where a Lean Six Sigma
methodology, namely 5S, was implemented, and a reduction by 21% was achieved in
the setup time variability [3]. Rosa, Silva, Ferreira, and Campilho show that the
combination of visual management and 5S reduced setup times by 58% because of the
order and discipline attained in the area after 5S implementation [4]. Likewise, in the
pharmaceutical sector, the use of the 5S tool resulted in a reduction in batch setup times
by 50% and an increase in productivity by 25% [5].

SMED was developed in the 1950s and focused mainly on minimizing setup time
[6]. Rosmaini & Mohd, both implemented SMED in a manufacturing plant for com-
puter numerical control machines, and they managed to reduce setup times by 44% [7].
Furthermore, in a textile company, where only the SMED tool was implemented, the
setup time of critical processes was reduced by 34.7% [8]. SMED was also imple-
mented in a plastic manufacturing company dealing with 4% production non-
compliance, while the company policy did not allow for a value greater than 2%.
Therefore, after SMED implementation, the setup times were reduced by 29%, and in
turn, the production non-compliance indicator was reduced to 1.82% [9].

It is worth mentioning that SMED tool can be used along with other lean manu-
facturing tools. In the case study by Johnson and Prasad, they intended to reduce setup
times using SMED in conjunction with 5S, Kanban, and VSM tools; they managed to
reduce the setup times of the most critical production process by 77% [10]. Hamid and
Yoong also successfully implemented SMED in conjunction with various tools such as
standard work combination table, time measurement sheet, standard work chart, and
standard operating procedure, achieving a 12% reduction in setup times [11].

3 Methodology

The study focuses on reducing the setup time in the metallurgical sector. Companies in
this sector use several equipment items such as extrusion machines, rolling machines,
or furnaces. Thus, the preparation time of these machines exceeds the standard time
that should be achieved. To solve this problem, we used lean manufacturing tools such
as SMED and 5S. The first one focused on reducing the machine preparation or setup
time, while the second one sought to maintain an order in the operators’ tasks, to
achieve optimal movement flow. The following table shows the methodology used
(Table 1).
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The innovation of the technique is a result of joining the 5S and SMED steps
because the two tools have the same guidelines and can yield very good results. This is
also reinforced by the Kaizen tool, which promotes teamwork and leadership in the
production lines. Thus, the implementation time of both tools is reduced, being per-
formed simultaneously and not sequentially, which positively impacts the organization.

First, the preliminary phase shows the study process and areas and identifies the
current state and the machine setup activities, the tools used, and other components.
Further, we held a meeting with the operators and line supervisors to present the project
and identify the company’s current state.

Based on the information survey carried out in the process, we created a current
state VSM and identified the rolling machine as a critical area of study.

Second, the project’s first phase is used to analyze setup activities, classify internal
and external activities, and implement sorting and setting in order.

Figure 1 shows the operators’ movement flow. Consider from 1 to 7 the start and
end zones of the machine. As can be seen, there is no standardized process, and there
are unnecessary repetitive movements.

Third, the second phase involves the Kaizen tool, focusing on the new setup
process standardization and the implementation of shining and standardizing.

Figure 2 shows in detail the process improvement by maintaining standardized
activities and optimal movement flows.

Table 1. Innovative technique steps

Proposal

Preliminary phase
SMED 5S
Knowing the study process and areas
Identifying the current state
Identifying setup activities and name of areas, tools, etc.
First phase
SMED 5S
Separating internal and external activities First S: Sort

Second S: Set in Order
Second phase
SMED 5S
Converting internal activities into external activities Third S: Shine
Standardizing the new process Fourth S: Standardize
Kaizen event
Third phase
SMED 5S
Control and monitoring of the new process Fifth S: Sustain
Result verification
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The third phase consists of new process control and monitoring and result verifi-
cation for both SMED and 5S. Then, the second Kaizen stage begins, which promotes
teamwork.

Figure 3 shows the proposed VSM to assess the improvements made compared to
the current state.

Fig. 1. Current setup process Fig. 2. Standardized setup process

Fig. 3. Proposed VSM
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4 Results

First, setup times were reduced from 48.96 min to 28.44 min, that is, a 42% reduction.
Likewise, daily production increased from 20 tons to 29.8 tons per day (i.e., almost
50% of production). In addition, the machine availability indicator was improved from
45% to 62%, generating a higher use of machine resources. Finally, the unnecessary
motion in the setup process was entirely reduced, achieving an improvement of 68%.

In terms of 5S, the initial area score was low (38.92%). After implementing the 5S,
we achieved an order and cleanliness score of almost 94%, which consolidates the 5S
role in the improvement proposal. Furthermore, during the implementation, we dis-
covered the solvent use factor with an amount of approximately 135 gallons per day.
After establishing an order of activities, this was reduced to 70 gallons per month.

A productivity increase of 50%, a motion reduction of 68%, and a setup time
reduction of 42% are the organization’s expected values after the tool implementation.
Thus, the improvement in productivity, equipment performance, and manpower effi-
ciency show the importance of lean manufacturing tools in the industry. The summary
of the results is shown in Table 2.

In summary, the positive impact generated by the improvement proposal can be
quantified in terms of the following four aspects:

• Social: Improved work environment and motivation to perform daily activities
• Economic: Savings in overtime and increase in productivity both in indicator and

monetary terms
• Environmental: Reduction of solvent use by 44%
• Organizational: Effective communication, teamwork, leadership, and positive per-

formance level

Table 2. SMED & 5S results

Elements Before implementation
SMED & 5S

After implementation
SMED & 5S

Setup time 48.96 min 28.44 min
Production 20 tons/day 29.8 tons/Day
Availability 45% 62%
Overtime (month) 416 h/month 0 h/month
Downtime (month) 98.5 h/month 6.4 h/month
Chemical solvent use (gal) 135 gallons/month 70 gallons/month
Area cleaning (according to 5S) 38.92% (Poor) 93.94% (Excellent)
Motion reduction 170.2 m/setup 52.8 m/setup
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5 Conclusions

The SMED implementation was focused on solving all the problems related to work
standardization in the setup process, motion improvement, and setup time reduction.
The 5S method was used to solve the problems associated with area order and
cleanliness. Both tools used in conjunction with Kaizen and Kanban were key to
initiate continuous improvement and to organize the setup components.

After an in-depth investigation in the company, we found problems related to
productivity and efficiency that were mainly associated with low production because of
excessive stoppages, such that more than 60% was attributed to setup, generating 45%
of machine availability and incurring costs to fulfill orders. Thus, we conclude that by
improving the setup process, not only machine availability but also productivity can be
increased, and the number of stoppages due to setup can be reduced.

Because the setup time was reduced by 42%, we achieved a 100% decrease in cost
reduction overtime and a 50% increase in production. In addition, motion was reduced
by almost 70%. Finally, the machine availability was increased from 45% to 62%, thus
allowing a better use of machine resources. The daily production rate after imple-
mentation reached 29.8 tons per day, that is, an increase of 50%.

With respect to area order and cleanliness, at first, we found disorder and a poor
distribution of the setup process components. In addition, there was excessive use of
certain components because there was not a specific order to use them. After the
implementation of the methodology, the use of some components was improved, a
reduction of 44% was achieved, and the area order and cleanliness was improved.
Thus, we conclude that the problem identified in the company generated setup diffi-
culties, which were solved through 5S implementation.
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