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Abstract

The study defines the importance of industry layouts and how an effective layout can significantly improve an
organization’s efficiency and productivity. With the aid and application of ProModel2018, two proposed layouts are
designed, simulated, then compared to the original to find the optimal layout to maximize efficiency and minimize
unnecessary movements and inefficiencies in the production process. The objectives of the study are to properly
examine the current layout, determine the delays in the process and eliminate them, design and propose an improved
efficient layout, and to provide recommendations based on the results for further improvements. To achieve this, a
combination of Time and Motion Study (TMS), and qualitative and quantitative research was utilized in order to
identify, corroborate, and eliminate inefficiencies through observations and interviews. With the data collected, two
proposed layouts will be presented alongside the respective data to further corroborate the findings and show how
each proposed layout compares to the original layout. Further observations also found out that there were far more
problems present, which includes safety risks and operational risks due to the facility design. The proposed layouts
were also inadvertently designed to cater to the safety of everyone involved in the line of production. At the end of
the study a proposed layout will be suggested to be implemented by the organization to fully maximize the efficiency,
productivity, and effectiveness of the production process of the organization.
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1. Introduction

Every company has a strict quota and a direct line of operations that have to be met in order for a smooth operation
process. This is all the more significant in manufacturing industries that are centered and built around a simple
foundation of transforming raw materials into finished products. In order to achieve this, the efficiency in creating the
products should be the primary focus of organizations in this industry. It should take precedence over everything the
organization has to offer. This is more often the case in manufacturing industries as a more efficient production process
will certainly equate to a faster rate of production, allowing organizations to reach the desired quota at a greater pace.
The most significant cause that affects the production and efficiency in the manufacturing industry is the layout. The
layout dictates the flow of materials during the production process and shows how each product is created to complete
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the final product. In most cases, the individual stages (machines) in the production process are situated in a convenient
and efficient way so that the travel time is cut down significantly. A good layout can easily be differentiated from bad
and great ones due to the different levels of efficiency in the process. The best layouts are the most efficient ones that
allow organizations to meet quotas and deadlines. This study aimed to examine the current layout due to its essentiality
in the manufacturing industry, and its importance in the production process that has the potential to make or break an
organization’s efficiency. To achieve this, the study utilized a software named Pro Model.

1.1 Objectives

Setting the direction for the paper was essential in order to keep track of the progress, as well as to identify a direction
for the study. This was done to maintain an organized structure of the paper, as well as a proper order of sequences
throughout the completion of the paper. In line with this, the following are the objectives of the study:

To examine the current layout of the company;

To determine the delays in the process and eliminate them;

To design and propose an efficient layout for metal fabrication production Industry; and

To provide result based recommendations for further improvements.

2. Literature Review

In industries, ineffective layout design can lead to increased expenses, decreased output, and energy waste. Delays
and ineffective use of work are caused by unnecessary movement and transportation (Fahad et al. 2017). Additionally,
poor layouts can lead to ergonomic problems that contribute to worker stress, frustration, and health hazards,
eventually affecting output and satisfaction. In order to maximize productivity and promote a more positive and
productive work environment, these issues must be addressed. Badharinath et al. (2024) have demonstrated the benefit
of applying the Systematic Layout Planning (SLP) technique to increase a production unit's performance and efficient
use of space. Their study demonstrated a substantial decrease in total travel distance, from 1,227 sq. ft. to 799 sq. ft.,
leading to heightened productivity and reduced material handling expenses. Bottleneck problems, unproductive flow,
and inappropriate excessive movement between tasks were encountered in the study of Radhwan et al. (2019). They
intend to improve the current plant layout by transforming it. As a result of the optimized layout's significant
improvement in efficiency from 74.49% to 93.40%, processing times were shortened by up to 10% and productivity
was improved. In the study of Ochogba et al. (2019), underscore the crucial role of effective plant layout in the
implementation of technical education programs in Rivers State, Nigeria. They highlight that a well-designed plant
layout can create an optimal learning environment for students, facilitating the acquisition of practical skills essential
for industrial applications. Therefore, integrating plant layout analysis and design into technical education curricula is
emphasized as a means to elevate the quality of education and adequately equip students for the demands of the
workforce. Production layout planning is a vital part of any manufacturing or production plant. It involves creating
and determining the best layout for your production to promote efficiency, productivity, and safety.

A good plant layout has many advantages, including better production, lower costs, and improved safety (Heller 2023).
Layouts are critical to a company's overall operations, as they enable a consistent flow of people, material, and
information. Having an efficient layout in production also has its advantages. According to Somengil (2021) it
promotes safety, productivity, and efficiency by limiting accidents, improving ergonomics, addressing bottlenecks,
decreasing delays, improving communication, maximizing space use, maintaining quality control, and allowing for
effective supervision. Designing a facility's layout is a crucial part of cutting manufacturing operations expenses.
Significant gains in productivity, material handling costs, travel distance, space utilization, labor expenses, and more
can be obtained by strategically placing workstations, machines, and material flow (Kovacs, 2019). Increasing
productivity across a range of sectors through layout optimization. According to Hanggara (2020), Big Boy Bakery,
a small-scale food industry in Indonesia, optimized its production facility layout and increased productivity through
the application of Systematic Layout Planning (SLP). Bigger rivals put pressure on the bakery to increase the quantity
and quality of its goods. The bakery used SLP to identify other layout options that took into consideration critical
production components, like strategically placing operations, in order to cut down on wasted time and trip expenses.
It was anticipated that the suggested layout modifications would greatly aid in Big Boy Bakery's growth by boosting
output and efficiency. Zuiiiga et al. (2020) utilizes the simulation based optimization methodology for the facility
layout design and it has significantly improved the system in the manufacturing industry. The application of it
efficiently assists managers and stakeholders in the company making wise decisions regarding the production
planning. In the study of Septiani et al. (2020) a cable manufacturing firm prioritizes optimizing the structure of their
finished goods warehouses, especially for haspel types of cables. The study initially determines a total displacement
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time of 140.27 hours using ProModel simulation software. Haspels are grouped in the warehouse according to a
designated storage strategy that is suggested to increase efficiency. Two scenarios are assessed: the first one uses the
dedicated approach for haspel grouping and results in a displacement time of 139.21 hours; the second scenario adds
material handling enhancements and reduces displacement time to 128.08 hours, which is an 8.69% reduction from
the first simulation. ProModel's effectiveness stems from its capacity to model actual conditions and assess possible
enhancements, offering perceptions into ideal layout arrangements that save displacement time and boost warehouse
productivity. Also, the study by Yadav (2022) highlights the value of simulation modeling in assessing solution
parameters in an actual system and testing various decision outputs, offering insights into production duration and
aiding in process optimization. The study also emphasizes the use of ProModel simulation to optimize the production
process by locating bottlenecks and examining material flow, enhance travel time efficiency and lessen traffic
congestion in Surabaya City, and evaluate the effectiveness of various hospital sizes and their impact on patient flow.
Furthermore, the use of computer simulation, more especially ProModel software, to improve the effectiveness and
performance of custom production processes is illustrated in a case study by Rosova et al. (2020). In addition to saving
money, time, materials, and energy, the study emphasizes the advantages of employing simulation modeling as a
scientific approach in research and practice. It also streamlines real-world practice activities. The authors created a
realistic manufacturing process model using the ExtendSim simulation program, and then they applied the process
redesign to the model to cut the production time by nearly half. Alsaadi (2022) emphasizes how ProModel makes it
easier to find inefficiencies and bottlenecks in the assembly line building construction. ProModel incorporates
comprehensive statistical distributions of processing data, allowing researchers to simulate different situations and
evaluate how they affect productivity and resource use. Almamlook et al. (2019) highlights the way ProModel's
simulation outcomes offer valuable insights for enhancing efficiency at every level of the manufacturing process.
Through efficient resource allocation and process simplification, ProModel enhances productivity and lowers
expenses in the context of assembly lines.

The literature review presents a thorough examination of various studies emphasizing the significance of well-
designed layouts in industries to enhance productivity, cut costs, and foster a positive work atmosphere. Despite
numerous studies showcasing the advantages of layout optimization methods like Systematic Layout Planning (SLP)
and simulation-based approaches such as ProModel, there exists a noticeable gap in research regarding how these
methods are implemented and integrated across different industries and regions. While the reviewed studies
demonstrate successful applications of layout optimization in specific settings like manufacturing plants, food
industries, and warehouses, there is limited discussion on how these techniques can be applied more broadly across
various sectors and operational scales. Additionally, there is a lack of investigation into the challenges organizations
face when adopting and implementing these optimization strategies, including issues related to resource availability,
technological constraints, and organizational culture. Furthermore, there is a need for further research into the long-
term sustainability and scalability of optimized layouts, as well as the potential socio-economic impacts of these
interventions on workforce dynamics, job satisfaction, and community development. Understanding the broader
implications of layout optimization beyond immediate productivity improvements could offer valuable insights for
policymakers, industry professionals, and academic researchers aiming to promote sustainable industrial growth and
enhance societal well-being. Hence, future research should prioritize addressing these gaps to deepen our
understanding of effective layout design practices and their implications for various stakeholders in the industrial
landscape.

3. Methods

To achieve the objectives of the study, the study utilized real time observation at the metal fabrication, along with
time and motion study to gather necessary data from each station of the current process for the study to be able to run
a simulation using Pro Model and analyze the current facility design. Thus, the study can be considered to be a
combination of qualitative and quantitative. To further understand the methodology of the study, figure 1 below
displays the detailed process of the methodology from the start up to the end of the study.
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Figure 1. Case Study Methodology

1. Define: Problem Identification:
Involves identifying the problem in the metal fabrication using observation and time and motion study, this
includes causes of inefficiency, or delays in the production such as unnecessary distances or obstacles
between stations, or inefficient movement of workers in the facility. In addition, the study also included an
interview with the manager of the metal fabrication, this to better understand the situation and the problems
that the organization faces.

2. Measure: Data Gathering
Aside from the mentioned observation, time and motion study, and interview, the study also utilized literature
review as part of data gathering, this is to further enhance the study and support its statements.

3. Analyze: Data Analysis and Pro Model Simulation of Current Facility Design:
After data gathering, the study can then proceed to utilize gathered data and input the requirements for the
Pro Model Simulation, with the aid of the software, the study was able to further determine causes of
inefficiency and analyze the process within the production as the software will also provide charts and results
after running the simulation.

4. Design: Design and Development of Proposed Facility Design:
This phase involves the design and development of the proposed facility design for the metal fabrication
based on the analysis and results obtained from the current facility design.

5. Validate: Validation of Proposed Facility Design Using Pro Model Simulation
To validate the proposed facility designs of the study, the software Pro Model was utilized as a method of
validation as the simulation will provide results to determine if the designs are more efficient than the current
one, this method is the most cost effective as it does not require implementing or testing the design in actual
or real life to determine whether it is effective or more efficient. This way, there is no risk of loss of resources
should the design result to be inefficient.

6. Recommendations

The last and most important part of the study is the recommendation, as this contains the proposed solutions
to the identified problems and to further improve the processes in the metal fabrication.
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Figure 2. DMADYV Approach

To further enhance the methodology, the study also utilized the concept of the DMADV approach, which stands for
define, measure, analyze, design, and validate. According to Purdue University (2021) the DMADYV is a known
methodology primarily focused on developing and improving processes by developing or designing a new product,
service, system, or process. To achieve this, the following phases must be incorporated:

1. Define:
This phase can be simply understood as defining the main purpose or goal of the study, a well-defined goal
will help the study to stay on track and organized.

2. Measure:
This phase includes identifying critical quality factors or characteristics to be measured or analyzed, along
with the requirements and measuring the production capability as well. Moreover, this phase can also be
classified as the data collection process.

3. Analyze:
This phase is where the data analysis will take part, including the assessment of the data gathered for the
development of the new design.

4. Design:
The design and development will take part in this phase.

5. Verify:
The last phase is where the design must meet the identified requirements and ensure effectiveness. This phase
is also an essential part to avoid wasting resources.

4. Data Collection

The data gathering for this study was conducted with the use of interview and direct observations of each of the
elements present in the process, such as observing the amount of time needed to complete each process, how much
time is needed to complete the process with a more skilled worker, including delays and lapses observed that have
been used as basis for setting allowance factors. Therefore, two observers at the very least were always present to
observe and record data. It was their responsibility to measure the time taken for each element of the process by means
of using the timer on their phones, or by utilizing stopwatches. This data was then recorded on paper, and then
transferred into an excel file. These served as primary data for the study. Additionally, in order to corroborate the
times taken and measured, another source of primary data for the study was also gathered; the facts given by the
employees and management by means of talking or conducting interviews. However, being in a metal fabrication
factory, maximum attention is required to not cause any injury. Thus, interviews were strictly done during break time,
free time, or whenever an opportunity arose. This is so that the observers were not the cause of any delay or problems
by interfering with the process. Additional sources of information and data were also taken from books, journals, and
previous studies all tackling a similar study. This was considered to be secondary research and data for the study that
supported the hypothesized improvements as basis for further analysis and suggestions.
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6. Results and Discussion

Table 1 above displays the thematic analysis of the interview conducted with the owner or manager of the metal
fabrication. The goal of the interview is for the study to better understand the situation or the context in the
organization. The manager started the discussion by understanding the capability of the production, the manager
emphasized its importance and how this is the first thing we must consider when accepting orders or when developing
anew facility design. Moreover, the manager mentioned that the following things that we need to consider in assessing
production capacity are the limitations within the production, this limitation includes the capability of the machines,
determining if the production has enough manpower or raw materials to meet customer needs, and ultimately customer
satisfaction. Further, to aid in the identification of the problem, the manager was also asked about the challenges that
metal fabrication faces, in terms of challenges, the manager emphasized on two challenges, one being the reality of
working under limitations, wherein the manager suggested that this way of thinking will help other production

Table 1. Thematic Analysis of the Interview with the Metal Fabrication Manager

Assessing Production
Capability

Major Theme Sub Theme Direct Quote from the Interviewee
“An item usually takes days to finish and it
also depends on the material size, that is why
it is important to also know if the production
Facility Capacity can handle it”

“You must know the content of the production
along with its capacity, you must also know
the limit and market needs”

Comparing Market Needs with

“We also need to consider the market, it is
important for us to know what is needed, how

Production Capability many are needed, for us to satisfy the
customer”’
“To me, material preparation is all but
common sense, all the material you often use
Inventory must have a stock ready, before we proceed

with the production itself, we must also
consider the materials we have in stock”

Challenges the Organization
Faces

Limited Resources

“Based on experience you always work on
the context of the limited resources you have
its always in this context that this is the
limitation, you cannot assume that everything
is okay, because if you assume that, you
cannot prepare for the worst things that
might happen”

Worker Attitude

“Another concern that we cannot quantify is
the attitude of the worker, this is part of
reality and this is one of the most difficult
things to control, unlike machines, when you
say stop, it will stop, but for manpower
sometimes its a different story”

Facility Design

Facility Design Advice

“In terms of layout design, another thing that
you must also consider is the space and
mobility”
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managers prepare for the worst things that can happen, working, and preparing with consideration to limitations will
help organizations resilient. In addition, the manager also mentioned the challenges with regards to the workers, the
one thing that managers cannot control are the attitudes of the workers, and can also have an effect on the productivity
of the others and eventually to the whole production process. Furthermore, the manager also gave advice when it
comes to facility design, of all the things that must be considered, it is also imperative not to disregard the space and
mobility when developing a new design as this can also affect the overall efficiency. In conclusion, with the
information gathered from the interview, a deeper understanding of the context will aid in the development of the
proposed facility designs of the study, with a goal of fostering continuous improvement.

5.1 Results

The figure above displays the screenshot of the Promodel simulation of the current layout of production in the
organization. The process starts with the inventory or stock of materials in the middle as displayed in the figure. The
materials or inventory are resupplied depending on the demand and or order of customers. The raw material from the
inventory will then be fed to the printing machine, which can be described as a huge advanced machine that receives
data from the office computer at the right corner, the data fed to the machine is composed of the specific dimensions
or measurements of the design requirements of the customers, this comes in different designs, shapes, and sizes as to
which the machine will then cut and create. After the machine is done, the workers will then take the output and place
it at a table for them to cut the basic frame or shape that the machine created, they will then send the parts individually
to different pressing machines to undergo a process and achieve the details of the design. After the parts are customized
further into the pressing machines to achieve the required detail, they will then be transported to the welding table for
assembly. Once the parts are assembled it will then be stored in the next room to be in queue for painting or powder
coating. The next process is then to place the product into the oven to dry the paint or coat to make sure that it sticks
and achieve the desired color and appearance of the product. Lastly, the product will then be transported to the area
where the workers will have it packaged and ready to be picked up or delivered.
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Figure 4. Simulation Result of Current Process
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Figure 4 displays the utilization of each of the processes in the simulation. As shown in the figure, it can be noticed
that the inventory is never empty, this is because the organization or company keeps track of its inventory, wherein
should the item come close to depletion or the item goes below 50% of the stock, the organization will immediately
contact suppliers and order the item. Moreover, it can also be observed that the splitting table is the second most
occupied station or process while the most occupied is found to be the pressing machine A or pressing machine 1, the
pressing machines have different data and results as they process or mold different parts of the product, some pressing
machines like pressing machine C or pressing machine 3 as shown in Figure 3 is utilized when working on big parts
or shapes depending on the required fabrication for the metal. Further, the welding table is the least to be fully
occupied, but the results indicate that it is often utilized where less than 5% is the percentage where the station is
empty. In addition, the storage can be observed to be never full, this indicates a good result as this means that even
though it takes a long time for the painting and oven to finish, it is still sufficient to keep the storage from reaching its
maximum capacity. On the other hand, outgoing inventory is 70% empty, which is also an indication of a good result,
this can be interpreted as the finished products do not stay long in storage but are picked up or delivered to customers,
this will help achieve deadlines which is essential for customer satisfaction. Overall, utilization of the stations is high
in percentage which means no resource is being wasted and maximum utilization is also a factor in achieving
efficiency. In line with this, according to Chan (2024), higher utilization of assets wherein in this case machines, this
can be translated into increased efficiency which also leads to profit maximization.

Figure 5. Summary of Simulation Results of Proposed Layout 1

The summary of the initial proposed layout is presented in Figure 5. The bottom left of this overview shows how this
collection and the original differ significantly from one another. This time, there is just one system that is acting
strangely or that performs noticeably worse than the rest. This indicates that from three machines to only one machine
that needs to be taken into account. Since the blocked percentage in this scenario can reach 90%, the printing machine
is the only one that needs to be closely monitored. As a result, the procedure was moving along more quickly than
anticipated and was only being impeded by the printing machine's sluggish functioning. Although the process is
essentially printing and is therefore limited to the size, shape, and amount of prints necessary to fulfill customer
requirements, there were very few to no modifications that could be made to it. This compilation's top center section
displays the total number of dispatched finished goods. Sixty products more than the original pattern, or 154 total final
products, were available. The simulation result named the pressing machines into pressing machines A, B, and C
which is the same as pressing machines 1, 2 ,and 3. Since the corporation meticulously maintains track of its inventory,
it is also evident from the number that the inventory is never empty. Furthermore, one can observe that Pressing
Machine A, not the splitting table, is the most populated station. This is because Pressing Machine A was located
closest to the dividing table and, as a result, was typically the first to be filled with materials. Furthermore, three
distinct shape kinds and a range of material sizes are being pressed by Pressing Machines A, B, and C. However, the
outgoing inventory was 15% smaller than the initial layout, being empty 55% of the time. This was the outcome of
the painting area and oven requiring longer than normal completion times. This could be prevented by replacing the
existing manual painting process with a more automated one. The products being shipped out right away to maintain
customer satisfaction could also be explained by the general emptiness of the outgoing storage. This was not only
effective, but also makes good use of the resources and machinery available to boost productivity, which ultimately
maximizes profit.
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Figure 6. Summary of Simulation Results of proposed layout 2

The summary of the second suggested arrangement is displayed in Figure 6. Similar to the initial plan that was
suggested, the printing machine is the only one that is blocked. The printing machine is halted by the lengthy process
around 85% of the time. Aside from that, there weren’t many issues with the other devices that could have disrupted
the workflow or created major delays. 174 completed goods were gathered and shipped, as indicated by the top middle
portion of the chart. Twenty more products than the company's initial intended layout and eighty more over the
original. Other than the modifications to the painting area's operations, everything else is similar to the first proposed
layout. This is to be expected because there was less travel time due to the storage being closer to it, but was also
because the painting area was nearly always full, indicating that the layout and the modifications made in the second
proposed layout were far more efficient than what the company hoped for. Once more, as a result of the higher
efficiency and the ending outgoing inventory that was emptier than the initial recommended plan, the products are
apparently being transported out more quickly than in the previous simulations.

5.2 Proposed Improvements and Validation

The figure above shows the simulation of the proposed production layout 1. Initially, the plan aimed to enhance worker
mobility and machine access by relocating the inventory closer to the entrance and away from the center. The printing
press was moved nearer to the office where prints and patterns originate, enabling quicker data transmission to the
machine without obstruction delays. Output from the machine was placed on a nearby table without altering the layout
significantly. Substantial changes occurred when workers divided materials and moved them to pressing equipment.
Machines were initially arranged side by side to prevent collisions during transit between stations, a problem identified
in the initial design. To facilitate faster movement between stations, the welding table was relocated to accommodate
heavier loads during assembly of smaller components into larger products. Apart from final storage, which was moved
to a more accessible area, the remainder of the stations remained unchanged in their original location.
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Figure 8. Promodel Simulation of Proposed Layout 2

The second proposed layout for the company is displayed in Figure 8 above. The first and second rooms have
undergone major modifications this time. The first room's modifications included moving a few machines to better fit
the initial plan that was suggested. The inventory is now situated between the office and the printing machine. This
action was taken to ensure that the raw materials would not interfere with the signal from the office to the printing
machine, as they are typically arranged level on the ground. The modification was also made to shorten the distance
between the inventory and the printing machine. Pressing Machines 2 and 3 were relocated to the first suggested
layout's location of the inventory. This was done in an effort to minimize the amount of empty space in the work area.
Additionally, the path from the welding station to the storage space remains unobstructed by this modification.
Building on that, the storage area in the second room was relocated to the location of the painting area, which had
been moved to the location of the oven, which had been moved to the location of the storage area in the original
arrangement. Similar to the first room, these modifications were made to enable employees to travel between stations
more quickly, which lessens both their burden and the overall distance between each station. For instance, after being
removed from the oven, the unfinished product must be delivered to the assembly area, which, in contrast to both the
first and second proposed layouts, was now located directly adjacent to the oven.

6. Conclusion

To conclude, the paper was able to complete the objectives that were determined at the start. More specifically, with
in-depth interviews and diligent observations, the proponents were able to find the inefficiencies in the process due to
the layout of the individual machinery. This also helped to design a proper layout for the company that helped in their
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search for the most optimal layout, as well as where the machinery and equipment in the process line should be in
order to eliminate the existing delays and decrease the mental and physical workload the workers were facing.
Additionally, the utilization of ProModel 2018 helped to envision the current layout better and helped to show more
flaws in the layout that could be changed and improved upon. The proposed layouts were created this way, which also
helped to find the delays in the current layout. This then helped to envision the proposed layout as the proponent based
on their findings in the current layout on the proposed layouts. For example,redesigning plant layouts done by Kumar
et al. (2017) reveals that these can cause significant improvements in process flow and expenses. In addition to that,
the research by Ahmed and Alkhamis (2018) proves that with the optimum layout, one could establish higher
production efficiency as well as eliminate the likelihood of delays, which is consistent with the findings that show the
improvement was 54%. The proposed setup has seen efficiency improve by 2%, as shown in the second layout.
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