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Abstract— There are several factors affecting the metalworking
sector: elongated waiting times, late deliveries and low quality of end
products. All these variables tend to cause low efficiency in
production, which generates delays in the delivery of orders and
penalties for failure to meet delivery dates. To understand this
problem, order records are reviewed, a time study is carried out to
know the duration of each process, a cause-effect diagram is drawn
up and the Pareto principle is applied by performing an 80/20
analysis of the root causes. Therefore, the model generates a
contribution in the expansion of the knowledge of the application of
Lean Tools as Total Productive Maintenance (TPM), Kanban, Poka-
Yoke, Line Balancing (LB) and Systematic Layout Planning (SLP)
within medium-sized companies.

Keywords--  Production  Efficiency, Total Productive
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1. INTRODUCTION

The metalworking sub-sector is currently in constant
growth all around the globe. In Europe, this is one of the most
important sub-sectors from the manufacturing sector,
containing around 3.9 million employees in Germany alone [1].
Similarly, Argentina has more than 24,000 metalworking
companies, 88% of which are medium-sized companies located
in the country’s most important cities, providing jobs for nearly
300,000 people [2]. In relation to world trade, the sector
represents more than 30% of the world’s total revenue with 13
billion dollars per year with China and the European Union
being the regions with the greatest importance in the export
economy [2]. In Peru, the metalworking field was the
manufacturing sub-sector with the largest growth during the last
6 months of 2021 and the first 6 months of 2022 [3]. However,
the study conducted by the National Industrial Society indicated
that companies in the sector showed an average production
inefficiency of 62.1% in 2021[4].

While the metalworking sub-sector keeps on growing,
problems start being more noticeable. Because of its importance
in the Peruvian context, studies are being conducted towards
improving the production efficiency to maintain companies
competing in the market. To solve this problem, research on
different Lean tools is taking place. The application of Single
Minute Exchange of Die (SMED) with an integration of 5s as
starting point for a TPM implementation is very effective
against reducing cycle times by 21% and increasing the Overall
Equipment Effectiveness (OEE) by 8% [5]. Also, 5s, Value
Stream Mapping (VSM), Work Standardization and LB were

applied to increase the efficiency by 6.4% while reducing
defective products that caused reprocesses by 12.63% and
increasing on time deliveries by 27.5% [6]. In a similar context,
Poka-Yoke was applied with other LM tools reducing the
defects rate by 53% and the IDLE workstations by 30%, this
study was done with only 4 weeks of previous data [7]. In
addition, an SAP- LAP analysis after 5s, Single Minute
Exchange of Die (SMED), TPM and Poka-Yoke reduce delays
in the production line achieving a growth of 5% in production
in a metalworking company [8]. However, the above research
does not mention that such tools have been applied within
companies with fewer resources and sales. In addition, the data
collected in the previous research tends to be very limited and
from short amounts of time.

The present research seeks to expand the knowledge by
applying the tools mentioned before in MSE with different
approaches, solving related causes from previous studies did
not cover. Also, the study should consider at least one year of
historical data, to deepen our understanding of the underlying
problems and refine our proposed model for a more accurate
solution. This empirical approach not only enhances the
robustness of our findings but also certifies its relevance and
suitability for real world scenarios. This model is based on the
use of LM philosophy tools such as TPM, Kanban, Poka- Yoke,
LB and SLP in order to provide an adequate solution to
common issues such as unnecessary paths, material shortages,
defective products due to human error and machinery failures.
In summary, our study represents significant advancements in
research by integrating different methodologies with empirical
insights, we believe it will help pave the way for improvements
in manufacturing processes. The benefits of our study would
not only affect the production process, but it would also have
an impact on the company as a whole by reducing their delivery
times and costs.

The content of this article contains six sections: the second
section presents a review of the literature presenting the
problem in previous studies. Next, section three defines the
methodology to be used to analyze the problem is developed.
Sections four and five address the analysis of the problem in the
company and the innovative proposal. Finally, section six will
present the conclusions of the study and the proposed future
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work. The reference articles used in the research are also
presented.

II. LITERATURE REVIEW

Low production efficiency is caused by factors such as
fatigue due to poor posture and work overload in employees or
machinery breakdowns and failures that generate order delays
and high cycle time. For this reason, a model applying VSM
and Kaizen with the objective of reducing order lead time by
balancing workload and efficiency in the furniture production
line will be proposed [9]. Similarly, the research by Greinacher
et al [10] presents improvements in order delivery reliability as
a result of their model that is oriented to resource optimization
using the lean philosophy but with more positive results such as
improved production times of metal parts, reduced energy
consumption and even a reduction in part material costs.

On the other hand, the reduction of bottlenecks or cycle
times is one of the objectives of the study whose model is based
on human-robot interaction to reduce the work overload of
operators in manual processes and improve their posture to
increase efficiency [11]. While another study focused on
reducing set up times in machines within 6 areas because its
contribution is focused on the implementation of SMED and
VSM to increase efficiency in production and avoid machine
set up times delaying production [12].

Likewise, Castaiieda and Mauricio [13] argue that low
efficiency leads to difficulties in the production processes of
companies to adapt to certain projects, so they implement a
model based on the data envelopment analysis of variable
returns. On the other hand, unproductive times and failures in
the integration of the areas produce low efficiency, so Poka-
Yoke is implemented to solve it [14]. Within a Mexican
remanufacturing company, the performance of the operators
impacts the efficiency of the processes so they should be
studied to improve the core quality of the products [15].
Likewise, process variability in a manufacturing company
affects production efficiency, so this study proposes to develop
a useful guide for processes using six sigma and robust
optimization [16].

[II. METHODOLOGY

Kumar et al. [17] mentions that there are basic approaches,
which belong to the quality circle and are used to identify and
analyze a problem. Based on this, the methodology of analysing
the problem within the company starts with the identification of
the company's production processes. Then, the record of orders
placed in a certain period of time is analysed to evaluate how
many products have been ordered and the reasons for the
delays. Based on this, a data collection study was completed
with the help of the time study technique in order to measure
the duration of each process of an operator and compare it with
that of a standard operator.

Once this has been completed, a cause-effect analysis is
performed where an Ishikawa diagram will be used to identify
the possible factors that influence the efficiency of the plant.

After that, a Pareto diagram will be used in order to perform an
80/20 analysis and evaluate the causes that represent and impact
80% of the effects on the problem. Finally, with the analysis
performed, the improvement proposal will focus on reducing
those causes selected from the analysis by implementing tools
that have a significant impact on the problem.

IV. PROBLEM ANALYSIS

A. The Productive Process

The research is carried out within M2T, which is a small
and medium-sized company with two businesses: metal
mechanics and graphic printing. The company has key
processes which are considered within the study because they
are related and aligned to the objective of analyzing the
production process as shown in Fig. 1.
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Fig. 1 Process map of the M2T company.

The company produces, in larger quantities, the banner
with shelves, display furniture, advertising corporeal, booths
and carts. To manufacture them, these products have processes
in common that are called core processes, which are cutting,
painting, and welding, as shown in Fig. 2.

_ 3
|

Core

Processes

Fig. 2 Company’s Core Process.

B. The Problem

To identify the problem, the company's order register for
the period under study was reviewed and analysed. Upon
review, it was identified that the area where the most frequent
problem is registered is the low production efficiency in the
metal-mechanic sector, as can be seen in Fig. 3.

22" LACCEI International Multi-Conference for Engineering, Education, and Technology: Sustainable Engineering for a Diverse, Equitable, and Inclusive Future at the Service
of Education, Research, and Industry for a Society 5.0. Hybrid Event, San Jose — COSTA RICA, July 17 - 19, 2024. 2



Frequency

30
25
20
15
10

5

0

Approval of new products  Low production efficiency
by the commercial area (Graphic Printing Sector)
without prior costing.

Low production efficiency Inadequate order
(Metal-mechanical sector)  distribution management

Fig. 3 Frequency of problems identified within the company.

Similarly, a time study was carried out for each of the
products. For this purpose, 10 observations were made
considering a confidence level of 95%, an error of 5%, and
outliers were eliminated for each element involved in
production. Table 1 shows the standard time for each of the
products, which are below the standard time.
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Fig. 4 Comparison of the average efficiency of the sector vs. the company.

C. Root-Cause Analysis

To identify the root causes, an Ishikawa diagram was
constructed, as shown in Fig. 5, which made it possible to
classify them appropriately based on the categories methods,
machine, manpower, environment, materials and management.
With this, a Pareto diagram was completed, applying the 80/20
principle, which showed that the causes of unnecessary trips,
crossing of requests for material requirements, defective
packaging and machinery breakdowns produce 80% of the

TABLEI effects (see Fig. 6).
STANDARD TIME FOR THE FIVE PRODUCTS
Products Standard Time (min) Management Method
- Machi ethods
Banner with bracket 39.91 acene
- - Failures Effective
Lack of persona - N )
Display Cabinet 49.48 protective equip Material shortag packag,A
Slgn 41.04 Defective adjustment \ Low
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Booth 64.50 Lack of materials Employee :;:: St;::nnt efficiency
in the work area demotivation i p -
Finally, Fig. 4 presents the average efficiency during the / E
study period calculated from the current and standard Materials Manpower Environment

production records. Based on this, it was observed that the
average efficiency of the production area is 52.77% which is
lower than that of the sector, which was mentioned above.

Fig. 5 Ishikawa diagram of root causes.
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Fig. 6 Root Cause Pareto Diagram.
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With the information presented, it was identified that the
most important problem to be solved is the low efficiency in the
production of the metal-mechanic sector, where the main causes
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are unnecessary trips, crossing of requests for material
requirements, faulty packaging and machinery breakdowns,
which generates an economic impact of $83,741.55 per year.
Therefore, the proposed model seeks to optimize the processes
by reducing the identified causes.

V. INNOVATIVE PROPOSAL

A. Baseline

The proposed model is based on the studies of [18]-[20].
The first study proposes an Order Fulfillment model that starts
with the identification of wastes, then the tools are presented
with their specific objectives as shown below. Finally, the
expected results are introduced before the main objective [18].

e  Objective 1: Optimizing the work method.

e  Objective 2: Organizing workstations.

e Objective 3: Improve purchasing and production

management.

The second study displays inputs, that contain the
description of the information needed to implement the model;
components, with the different tools presented in a determined
order of application and their specific objective; and outputs,
where the main objectives are exposed [19]. The third study
suggests a similar system of inputs, outputs, and components
with a predetermined order of implementation [20]. Unlike the
first model, the last two models have an order of application of
the components settled, leaving no room for prioritization of
objectives [19] [20]. However, both models display detailed
information in the inputs and outputs, contrary to the one
described in [18].

The proposed model is superior to the ones mentioned
before because, in the inputs, it displays the information used
for a better understanding of the causes of the problem and the
different variables, instead of just a one cause identification
tool. In addition, components have an individual
implementation, so they do not depend on previous phases.

B. Proposed Model

A Process Optimization model is proposed with a system
composed of inputs, outputs and three main components. The
inputs present the initial documentation needed for the
implementation, the components are composed of different
Lean Tools, and the outputs present the expected results and
objectives, these can be observed in Figure 7.

Production Delays Reduction
TPM
* Autonomous Maintenance
* Planned Maintenance
* Maintenance Prevention
Poka-Yoke

Workstations Distribution
Improvement

SLP
Line Balancing

Production Organization
Improvement

Kanban

PROCESS
OPTIMIZATION
MODEL

Fig. 7 Cloverleaf model for process optimization.

As can be seen, the main structure of the proposed model
would be the components which will be described below:

Workstations Distribution Improvement: Is presented as
the first component and represents the need to re- organize the
current plant layout, to reduce the number of unnecessary routes
provoked by residues in the paths. To achieve this goal, SLP
and LB will be integrated. The planned use of LB consists of
balancing the cycle time and SLP would establish a new and
more efficient layout distribution with shorter paths and transfer
time.

Production Organization Improvement: The second
component consists of the objective of reducing the shortage of
materials in the workstations caused by cross requests of
materials. An internal Kanban for transport/movements based
on Kanban cards and a board with the current state of the cards
are responsible for avoiding the shortages.

Production Delays Reduction: The third and final
component has the purpose of reducing the breakdowns in the
machinery that causes defective parts and the defect rate caused
by human errors during the packaging process. Three pillars of
the TPM methodology will be implemented: Autonomous
Maintenance, Planned Maintenance, and Maintenance
Prevention to increase the OEE and reduce the number of
defective parts. In addition, a Poka-Yoke type grouping will be
applied in the packaging process to try to reduce the defective
products caused by a defective package.

C. Model Details

SLP: This methodology will be applied in the production
area of the plant; the main purpose of the implementation is to
reduce the transfer time and shorten the paths between the
workstations.

LB: This tool comes after the SLP implementation and
seeks a reduction in the cycle times and a re- distribution of the
workers in the different workstations with equitable work shifts.
It is applied in the same area as the SLP.
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Kanban: This method will be used in the production areas
that require the use of materials from the inventory and the
equivalent storage area that sends those materials to the
corresponding production workstations.

TPM: Autonomous Maintenance, Planned Maintenance
and Preventive Maintenance are the three pillars from this
methodology that were considered while designing the model.
These will help with the design of a maintenance and revisions
chronogram to avoid breakdowns during the production process.

Poka-Yoke: This technique will be implemented in the
packing area of the plant, and it is a grouping type of Poka-Y oke
where a kit is assembled with all the materials that are required
for the packing process, this will prevent the opportunities of
defects in the final product.

D. Indicators

Efficiency: Measures the efficiency of the production in
the plant. The study from [6] achieved an increase of efficiency
and it will be expected to achieve an increase of about 10.42%
with the model implementation. Formula:

Real Production Rate

Efficiency (%) =

Standard Production Rate
)

Cycle time: 1t is used to measure the time between a
multitude of materials and its completion, the time of the
different tasks, and the time of transfer. According to the studies
of [21], [22], a reduction in cycle times of about 15% is
expected for activities, in transfers and in material requests.
Formula:

Production Time per Shift

Cycle Time =
Y Production Volume per Shift (2)

OEE: Measures the Overall Equipment Effectiveness of
the machinery in the prgoduction process, specifically the ones
that are presenting the breakdowns. According to [23]-[25], it
is possible to achieve a 15% increase in the OEE of the
machines. Formula:

OEE = Quality x Availability x Ef ficiency 3)

Defects percentage: Measures the percentage of defects
that occur from the total volume of production. The study of [26]
reduce the defects percentage by a 13.07%, and [7], [27] seek
to achieve the Zero Defect (ZD) philosophy. Formula:

Defects number

Defects percentage = % 100%

Sample Size

4)
IV. FUTURE WORK

With the analysis of the current situation of the company,
it is expected to validate the proposal through a prototype, a
pilot implementation, and a simulation, in order to corroborate
the importance of the proposed clover model and to obtain its
improvements by executing it. The validation will increase
efficiency by almost 15%. This will be done with the
implementation of Lean Manufacturing tools such as Poka-
Yoke that will focus on the reduction of more than 5% in
defective packaging due to human errors.

On the other hand, it is expected to consider how the
proposal can affect the company in the economic, social,
environmental, and cultural sense to provide a complete
improvement that is not only focused on the operational part
and that can be adapted to different industries.

V. CONCLUSIONS

In conclusion, this article shows the problem of low
efficiency in production in the company M2T where a
production efficiency of 52.77% is caused by unnecessary
routes (25%), crossing of requests (21%), machine breakdowns
(15%), and defective packaging (17%), resulting in orders
being delivered late. For this, a model is proposed that focuses
on optimizing the processes through the implementation of
Lean Manufacturing tools, which will be put into practice and
their effectiveness will be validated through a prototype, pilot
and simulation to increase production efficiency.
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