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Abstract

The ever-increasing competitive landscape necessitates manufacturers to seek improvements in operational efficiency
constantly. This paper explores the integration of various methodologies to enhance operational efficiency at Shams
Cables Factory. The proposed approach combines lean techniques, conceptual modeling, and process visualization
tools like facility layout, activity relationship chart (ARC), flow process chart (FPC), and VA/NVA analysis to further
refine the process by differentiating between value-adding and non-value-adding activities. As a result, these
integrations allow for targeted efforts to eliminate NVA activities, streamline VA activities, and maximize overall
efficiency.
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1. Introduction

Similar to Kaizen or The Toyota Production System, the principle of continuous improvement known as lean
manufacturing can be used to describe it. This idea was designed to minimize waste while maximizing resource use.
After Japan's defeat in World War 11, it extends its roots. After World War II, the Japanese automobile industry was
where lean manufacturing was initially implemented due to a lack of materials, funding, and skilled labor. The "Toyota
Production System" now known as "Lean Manufacturing" was created by two highly respected individuals at the
Toyota Automotive Company, Eiji Toyoda and Taiichi Ohno. Lean management aims to use the process to accomplish
the goals of high quality, safety, and worker morale while at the same time lowering costs and cutting lead times (N.
Kumar et al. 2022). Industries use lean manufacturing as an approach to cut waste from manufactured goods. The
fundamental plan is to reduce the cost of the goods during all phases of production, including designing, fabricating,
and manufacturing, with the aid of prior business analyses. When designing, the material and financial resources can
be used to the fullest extent possible. In order to reduce waste, the industry must first identify all forms of hidden
waste. The engineer will frequently choose the product's well-known, secure, and reliable material over less expensive
alternatives. As a result, the organization's profit will drop, the engineer will pay more, and the associated economic
risks will rise (N. Kumar et al. 2022).
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1.1 Lean thinking

By allowing for more flexibility in manufacturing systems and processes and challenging mass production practices,
lean thinking has successfully produced "leaner" (i.e., less wasteful) products and supply chains. The phrase "Industry
4.0" recently became popular. The phrase "fourth industrial revolution" first appeared in use in Germany in 2011.
With the numerous prospects and business models that can be consolidated through new technologies, it attempts to
connect the real and virtual worlds in industrial production (V. L. Bittencourt et al. 2019). Lean thinking is used to
make the most of each step of the project, whether it be group size, raw materials, or inventory as illustrated in Figure
1, and to eliminate any misuse to cut down on time and money wasted (N. Kumar et al. 2022) (Figure 1).
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Figure 1. Components of lean

1.2 Lean manufacturing techniques

Lean manufacturing uses a batch of techniques. These techniques aid in defining the goal of lean manufacturing.
When examined closely, it will become clear that the techniques outlined below are essential to lean manufacturing.
Therefore, we mention some of the techniques as shown in Figure 2.
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Figure 2. Lean manufacturing techniques

¢ Bottleneck analysis: The technique involves calculating the length of time at the peak of the production
process. By using bottleneck activity and time measurement, we can determine the line capacity.

Takt time: The German word "cycle" is takt. Thus, it aids in figuring out the production cycle.

Single Minute Exchange of Die (SMED): Is a technique used to cut the setup time to under 5 minutes. It
employs a number of procedures for this (N. Kumar et al. 2022).

¢+ Total productive maintenance (TPM): For optimal effectiveness, consistency, and process capability, this
technique is used. This technique is based on two main concepts which are included in its name.
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2. Literature review

Every organization that uses lean manufacturing techniques has an issue with resources, effort, and time waste in the
production process. Lean manufacturing has been developed to reduce waste and boost productivity, efficiency, and
work quality. We reviewed several research studies, as given below:

Sundar, R et al. concentrated in their study entitled “A review on lean manufacturing implementation techniques” on
every aspect of lean manufacturing, such as Value Stream Mapping (VSM), Cellular Manufacturing (CM), U-line
system, Line Balancing, Inventory control, Single Minute Exchange of Dies (SMED), Pull System, Kanban,
Production Leveling, and so on. The result of the study is to assist the company in implementing the lean
manufacturing system to reduce all types of waste at all levels of product manufacturing so as to reduce product costs.
In addition, an effort has been made in this work to create a lean road map (R. Sundar et al. 2014). Abdul Rahman,
Nor Azian et al. the aim of their research is to better understand how the Kanban system works in multinational firms
and to identify the barriers that prohibit Malaysian small and medium-sized businesses (SME) from utilizing Kanban.
They suggest that top management commitment, vendor cooperation, inventory control, and quality improvement are
essential for implementing Kanban and moving toward lean manufacturing (N. A. A. Rahman et al. 2013). Hodge,
George L et al. conducted an article entitled “Adapting lean manufacturing principles to the textile industry” to
evaluate which lean concepts can be successfully applied in the textile business. As well, they listed various lean tools
and principles in their study. Additionally, they found that case studies, interviews, and visits to production facilities
were used to assess the use of lean manufacturing in the textile industry. In a textile context, a model for applying lean
tools and principles was created (G. L. Hodge et al. 2011). Rohani, Jafri Mohd et al. studied in their paper one of the
most important lean manufacturing methods, Value Stream Mapping (VSM) to upgrade a color industry's production
line as a case study. Using team formation, product selection, conceptual design, and time-frame formulation through
takt time calculation, lean core principles were applied to develop VSM for waste detection and elimination. Final
results demonstrated that the value added time fell from 68 minutes to 37 minutes and the Production Lead-time was
reduced from 8.5 days to 6 days by using various lean thinking practices (J. M. Rohani et al. 2015). Widiasih, Wiwin
et al. concentrated on creating a risk management model by combining several methods. The House of Risk method
was used to classify risk agents and divide hazards into risk occurrences and risk agents. The Delphi method was
applied to discover potential risks. Along with this, linkages between risk occurrences were mapped using Interpretive
Structural Modeling. The percentages of risk occurrences and risk agents were then determined using the Analytical
Network Process in order to calculate the modified Risk Potential Number. The risk management department of an
Indonesian manufacturing company that was just beginning to apply Lean Manufacturing is supported by this
recommended model. Nineteen risk agents and ten risk events out of nine potential dangers have been discovered.
Following the mapping of interrelationships between these risks and the calculation of an updated Risk Priority
Number, the following top three risk events should be given priority for mitigation: Key Performance Index objective
cannot be met based on SQCDP parameter, Unable to complete the action plan on time, and Employees cannot receive
lean manufacturing training materials or expertise. The study made the point that Company X can manage risks across
all of its efforts successfully thanks to the integrated methodology. In addition, this integration intends to improve
decision-making by providing quantitative analysis at each stage of risk management. (W. Widiasih et al. 2015).
Rojasra, P, M et al. discussed how one of the lean manufacturing techniques in Indian companies generates more than
50% of industrial production in terms of value addition and generates one-third of export revenue. Furthermore, lean
manufacturing allows to produce high-quality, and low-cost products. This article talks about the 5S methodology's
adoption at the Krishna Plastic Company in Udhyognagar, Amreli, and Gujarat. Among the different lean
manufacturing techniques accessible, 5S offers good potential for required improvement such as cleaning, sorting,
organizing, and laying the framework for workplace improvement. The company conducts a ten-week study.
According to the findings of the 5S deployments, the production effectiveness of the system increased from 67% to
88.8% in the following week (P. M. Rojasra et al. 2013). Sharma, Rohan et al. conducted on the 5S application to
increase the production rate of the number of screens that are manufactured within one minute. The researchers
concluded that the process of producing the screens was inefficient, and the proposed measure was to reorganize the
materials to produce the screens more quickly (R. Sharma et al. 2018). Zarrar, Ahmed et al. conducted a study on the
relationship between lean manufacturing and the Internet of Things (IoT). The investigators concluded that the Internet
of Things (IoT) serves as a support for "lean manufacturing" as it works to improve productivity as well as to simplify
the maintenance phase (A. Zarrar et al. 2021).
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3. Problem statement

The factory is currently dealing with an issue related to its layout and the high proportion of non-value-added (NVA)
tasks. These factors are negatively impacting the factory's efficiency and productivity. The current layout causes the
movement of materials and workers resulting in wasted time and effort. Additionally, the presence of NVA activities,
like waiting time, transporting work-in-process from one location to another, and setting up materials and equipment,
is further making matters worse. All these factors combined are causing production costs longer lead times and a
decline, in product quality. To address these challenges effectively the factory needs to implement a strategy that
focuses on optimizing the layout to minimize unnecessary movement, identifying and eliminating NVA activities, and
implementing lean manufacturing principles.

4. Methodology

The framework of this project has conducted based on the methodology used. The framework of this project includes
five steps which are shown in Figure 3

Conceptual Flow process VAINVA Facility layout Spaghett
modelling — chart (FPC) — analysis design > chart *

v

ARC

Figure 3. Suggested Framework

4.1 Conceptual modelling

Conceptual models play a crucial role in facilitating the effective application of lean industry concepts. They serve as
a foundational framework that guides organizations in understanding, implementing, and sustaining lean principles
and practices. YEd Graph is a free, cross-platform diagramming tool that allows you to create flowcharts, UML
diagrams, mind maps, and other types of diagrams. So, we use Yed Graph software to create the conceptual model
below in Figure 4:
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material
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Figure 4. Conceptual modeling for the two journey using YEd Graph

4.2 Flow process chart (FPC)

The Flow Process Chart (FPC) is a traditional data-gathering tool utilized by Industrial engineers to document every
operation, storage, transport, delay, and inspection step in a product's flow path. Hence, we can use the approach of
Value Stream Mapping (VSM) which is distinguished by its ability to capture information flows in line with material
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movements within a single map. For our project, Table 1 shows the Flow Process Chart (FPC) for the product (V.
Chopra et al. 2019).

4.3 Value and non-value added (VA/NVA) analysis

Value-added and non-value-added (VA/NVA) analysis can assist in identifying the work components that can be
removed, merged, reorganized, and/or simplified. Any activity that improves the end product is referred to be VA, and
any that doesn't are referred to as NVA. Waste created from production activities can also be taken into account in the
VA /NVA analysis (D. Sahija et al. 2021).

4.4 Facility layout design

A well-designed layout can streamline the production process, reducing unnecessary movement of materials and
people. The facility distribution form of a production line depends on the type of the enterprise and the production
organizational mode. So, this project uses a qualitative approach that aims at maximizing closeness rating scores
between departments based on a closeness function. This can lead to faster production times, lower costs, and increased
output. So, we use Solidwork software to create the facility layout (Figure 5, Figure 6 and Figure 7).
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Figure 4 Facility layout using Solidwork Figure 6. Facility layout using Smartdraw
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Figure 7. Spaghetti chart

4.6 Activity relationship chart (ARC)

An activity relationship chart (ARC) is a valuable tool for optimizing facility layout and improving operational
efficiency. It provides a visual representation of the relationships between different activities or departments within a
facility, by identifying the relationships between activities, ARCs help to group closely related activities together,
minimizing unnecessary movement of materials, personnel, or information. This can significantly reduce cycle times,
improve productivity, and lower overall operational costs. ARCs are essential tools for planning and designing new
facilities or reconfiguring existing ones. By considering the relationships between activities, ARCs can help to create
layouts that minimize travel distances and optimize workflow patterns. We use the activity relationship chart (ARC)
to arrange the facility layout based on the priority level and to clarify the relationship between processes (Figure 8 and
Figure 9, Figure 10, Figure 11).
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Figure 8. Activity Relationship Chart (ARC) Figure 9. Relationships
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By gathering all the data we create FPC the we analyze the VA and NVA activity ass shown Table 1.

Table 1. VA/NVA analysis

; ; Symbol
Opn. Description Distance Tlrpe Y VA/NVA
No. (m) | (min)
DO
1 Move th§ wheel. from thq truck to the 6.37 NVA
insulation machine.
2 Close the valve to secure the wheel. 0.50 o NVA
3 Pulling the copper w1re'to the entrance of 0.10 ® NVA
the machine.
4 Cut the hfaafi of the copper wire and t1ght it 210 NVA
to the existing copper wire in the machine.
5 Heating the machine. 1.5 NVA
6 Some dirt comes ouF of 'the machine after 1.08 ® NVA
heating it.
7 Starting the insulation process. 60 VA
8 Copper wire insulation. VA
Crossing the copper wire into a basin of
9 . VA
water for cooling.
10 The wire is then dried. VA
1 The wire passes through a wheel to adjust ® VA

its path and stabilize it.
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12 End of the insulation process. ‘ VA
13 Move the wheel from the .forkhft to the 10.42 NVA
assembly machine.
14 Close the valve to secure the wheel. 0.50 NVA
15 Starting the assembly process. 80 VA
16 The wire passes through a wheel to adjust VA
its path and stabilize it.
17 End of the assembly process. o VA
18 Move the wheel .from the forkhft to the 14.57 NVA
sheathing machine.
19 Close the valve to secure the wheel. 0.50 NVA
20 Prepare the sheath material. NVA
21 Tight the core to the ex1s}1ng sheath wire in 15 NVA
the machine.
2 Prepare the wheel that exist at the end of 0.40 NVA
the machine.
23 Applies the sheath material. 2 NVA
24 Cool the sheath. NVA
25 Starting the sheathing machine. 140 VA
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The wire passes through a wheel to adjust

26 its path and stabilize it. ® VA
27 Cut the wire to the desired size. 2 NVA
28 End of sheathing process. VA
29 Move the wheel from the forkhft to the 276 NVA
packaging machine.
30 Preparing packaging materials. 1 NVA
31 Place the packaging materlals inside the 0.50 NVA
machine.
32 Preparing the lpgo at the. end of the 0.40 NVA
packaging machine.
33 Place the wire 1ns1(.1e the packaging VA
machine.
34 Starting the packaging machine. 40 VA
35 Place the logo when packaging is finished. VA
36 Shipping. VA
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6. Conclusions

After analyzing the data, it is clear that the Shams factory has real problems related to the high percentage of NVA
activities and poor facility layout. In this paper, we apply lean concepts and methodologies to achieve the expected
results and outcomes. We can significantly improve our operational effectiveness by applying lean concepts and
analytical instruments. Non-value-added activities (NVA) such as excessive handling, waiting, and rework are the
goals for removal in lean methodologies. We used a spaghetti chart to provide a clear picture of the flow of materials
and persons, showing inefficient flow and encouraging layout optimization. Also, the activity relationship chart helped
us build a streamlined facility layout that reduces distance and needless interactions between processes, resulting in a
seamless, value-driven operation. By addressing both internal and external flow obstacles, this combined strategy
enables significant performance benefits that save costs, increase customer satisfaction, and shorten lead times. Keep
in mind that achieving lean requires continual monitoring and modification. Using these techniques can help you
maintain optimal operational efficiency.
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