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ARTICLE INFO ABSTRACT

Received: 29 Dec 2024 Aerospace manufacturing has high quality and regulatory requirements, and product manufacturing

requires maximum accuracy and smoothness. This work highlights how common issues like process

waste can be effectively dealt with through main lean tools, such as VSM, Kanban, and 5S. a number

Accepted: 27 Feb 2025 of case studies, this research established the initial level of waste with an average cycle time of 12
hours per unit and a defect rate of 8%. Despite this limitation, the study passed targeted lean
intervention with flying colours, improving cycle time to 8.5 hours from a previous 12.3 hours (an
improvement of 29%), and the defect rate was improved by 44% to 4.5% from its last 8%. Self-
organized through VSM to understand and remove non-value-added processes; through
observation, communicated and resolved bottlenecks; implemented Kanban to optimize and reduce
WIP. The practice of 55 improved the workplace order; particular time saved while searching for
items was reduced by about forty%. These results show how these lean tools complement each other
if implemented in synergy, creating an environment that improves operational effectiveness and is
driven by constant development. Reflectively, the papers offer practical recommendations for
practitioners to use in the application of lean strategies for the enhancement of Aerospace
manufacturing systems sustainably.
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1. Introduction

Aerospace is usually associated with significant accuracy and dimensions of reliability; hence, performance and
quality of production are crucial. Minimizing cycle time is an essential part of improving the operational capacity as
it affects production costs, delivery times and customer response [1]. Various lean tools that will help to get rid of
non-activities and improve value-creating actions have been implemented in aerospace and many other industries
[2]. However, a significant impediment that may be faced when applying lean tools in aerospace manufacturing is
the fact that the products designed have vast characteristics that may pose a challenge when manufacturing products
in large volumes [3]. Lean manufacturing concepts have received considerable interest, particularly regarding their
efficiency in eliminating wastage. However, these principles centre on efforts to increase value-added tasks, efforts
that eliminate non-value-added activities [4]. However, of these diverse lean tools, VSM, Kanban, and 5S are the most
helpful in mapping out value streams, maintaining proper flow, and establishing consistent procedures for
organizations. Indeed, the literature presents numerous examples of successful application of these tools in different
industries; however, the aerospace manufacturing sector is different, and therefore, the application of the mentioned
tools would be possible only with certain modifications [5, 6]. Based on the literature, the use of the VSM approach
is usually associated with presenting the current and future state of the value stream. It enables one to isolate the
areas of process restraint and activity wastes, hence charting a good way forward [7]. Another essential tool is Kanban,
which focuses on live visualization of work, controlling pieces of work and restricting their number, hence reducing
cycle time to optimize the balance and flow of production. The 55 methodology, as an element of workplace
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organization and standardization, affects certain benefits concerning search in a workplace, safety, and overall
workplace functionality [8].

Several case studies and research articles in aerospace manufacturing show that lean tools offer promise for
eliminating inefficiency in the production process. For example, scholars have established that VSM increases process
visibility and can result in a marked reduction in lead time [9]. Likewise, Kanban has been recommended to enhance
inventory flow and guarantee a regular and efficient manufacturing process. A technique known as 5S appears to be
rather basic, yet it has been used in order to transform the organizational culture with a key focus on discipline and
improvement [10]. However, as the above-mentioned literature reviews indicate, there were some recognized
shortcomings, especially in realizing the interactions between more than one lean tool and investigating the
interaction effects of different lean tools on the cycle time reduction in the aerospace manufacturing environment
[11]. It is the implication of this review that more extensive future research should seek to incorporate the ensemble
of lean methodologies together to solve the complex issues in aerospace manufacturing [12]. Although several
research studies have been conducted on VSM, Kanban, and 5S individually, this research proposes to fill the gaps
by investigating the integration of the three techniques in an aerospace manufacturing firm [13]. This way, it aims to
become one of the comprehensive sources of information on the context of lean manufacturing and its applicability
for improving production activities in industries with high precision.

Table 1 is a summary of some critical literature on the use of lean tools in aerospace manufacturing. It presents only
the objectives of the articles under discussion, their approaches, and the main conclusions made, stressing the
findings' contemporary concerns of cycle time decrease. The purpose of this research, therefore, is to undertake a
critical evaluation of lean tools in reducing cycle time in aerospace component manufacturing industries. More
precisely, this study seeks to examine the lean methodologies that deliver the largest reduction in cycle time where
quality is not compromised. In addition, conclusions and specific suggestions for improvement of actual industrial
processes will be suggested for manufacturing professionals. This study focuses on aerospace component
manufacturing processes, particularly targeting operations with high variability and precision requirements. The lean
tools under review include Value Stream Mapping (VSM), Kanban, and 5S, with an emphasis on their individual and
combined effects on cycle time. However, the scope of the study is confined to select case studies and specific lean
methodologies, which may not encompass the full spectrum of tools available in lean manufacturing.

Aerospace manufacturing is a highly regulated industry and thus requires high operational efficiency and high
accuracy to meet the required industry standards. The production processes are often characterized by high
variability and precision, which presents special difficulties that cannot be overcome without new solutions to remain
competitive [14,15]. Previous research evidence shows that more and more organizations are leveraging VSM,
Kanban, and 5S tools to handle these challenges [16]. The principles that underpin lean philosophy include waste
reduction, process improvement, and the enhancement of value creation activities, which are derived from the Toyota
Production System and are therefore applicable to the aerospace industry [17,18]. The industry is under increased
pressure to decrease the time taken to produce goods while at the same meeting the tough quality standards. For
example, such factors as frequent customizations, elaborate quality control systems, and compliance with a range of
legal requirements are often ineffective. Previous studies have shown that these problems can be solved by lean tools
since they work on eliminating non value adding activities like waiting, reworking and moving materials in long
distances [19,20]. For instance, integration of VSM has been established to enhance the visibility of production flow,
thus allowing manufacturers to eliminate constraints that affect production, therefore reducing lead time and
operations costs [21,22]. Kanban systems are used more and more to manage the work and limit WIP to improve the
flow from one phase to another. Likewise, the 5S systems approach has also been found to greatly enhance the order
of the workplace, minimize the time taken to look for materials, and promote discipline and ongoing improvement
[23,24]. Other current research also points to the need to combine several lean tools as a way of gaining more benefits
from the tools. VSM, Kanban, and 5S have been well-applied in aerospace production, as this industry has a large
number of processes that can be controlled by these methods [25.26]. These advancements in the concept of lean
manufacturing show the tremendous opportunities for better integration of digital tools and real-time data analysis
in the existing and future lean systems, thus making the idea even more compatible with the requirements of future
industry, Industry 4.0. This research, therefore, attempts to add to this growing literature by analyzing the cumulative
impact of VSM, Kanban and 58S in the aerospace industry [27, 28].
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The question of how to cut manufacturing cycle time is a crucial concern in any manufacturing environment,
especially in sectors that require high accuracy, such as aerospace. In its basic sense, cycle time can be defined as the
total time it takes to get through the whole details of the production process [30,31]. Its reduction not only improves
the efficiency of the production, the effectiveness of the cost, and the satisfaction of customers who use the production
goods and services. Nevertheless, eradicating cycle time and attaining relatively low proportions is unavoidably tricky
because of the following issues: customizations, quality control, and compliance with regulations frequently
characteristic of the aerospace industry.

This research is helpful as it focuses on issues in aerospace manufacturing, a sector where accuracy, productivity and
part quality cannot be compromised. Based on the integration of VSM, Kanban, and 5S tools in the production
process, the study offers practical recommendations on improving the production process. The aerospace industry is
known for its volatility, complex and ever-changing legal framework, and exceptionally high-quality standards, which
is why it is considered one of the most challenging environments for manufacturing. Consequently, it is crucial to
determine the methods that can help to improve the operational performance. This study implies that it will help
enhance cycle times, defect rates, and general performance in the workplace. By analyzing these lean tools, the
research establishes that their integration produces a comprehensive solution to the problems in the production
process. For instance, VSM helps to point out constraints and wasted time, Kanban focuses on proper workflow, and
5S deals with adequate arrangement and safety of the workspace. These insights give a detailed guideline on
implementing a lean approach in aerospace and other high-precision industries. Thus, the study enriches the
literature on lean manufacturing and extends the understanding of how tools should be applied not individually but
in combination. The research questions underpin the current knowledge concerning the interconnection and
integration of lean tools and their application in the aerospace production environment. Besides, theoretical
contributions, the present study also offers meaningful insights for industry players. This paper provides guidelines
on how manufacturers can cut costs, increase efficiency output and quality of products, and simultaneously create a
culture of improvement. This research provides a foundation from which future expansions to implementing
industrial strategies in the aerospace industry may build as lean methods advance to include Industry 4.0
technologies like digitalization and real-time data analysis.

2. Methodology

This research uses a case study approach to compare lean tool adoption in aerospace manufacturing plants. The
processes and components I have selected for comparison were chosen due to the high variation and precision
needed, which is typical of the aerospace industry. A descriptive study approach was used to make observations on
various aspects of production processes that could be categorized quantitatively and qualitatively.

The lean tools identified in this study are as follows: Value Stream Mapping (VSM), Kanban, and 5S which were
selected based on their ability to address the identified objectives of cycle time reduction. Value Stream Mapping was
used to document production operations' current and future status, revealing areas of process potential and non-
value activities. Kanban systems were used to map out different processes and still include the monitoring of work in
progress to create balanced and smooth processes. The main goal of applying the 55 methodology is to achieve
efficient organization of the workplace and time and reduce the time spent searching for something.

To compile the data, Statistical tools like SPSS and Minitab were used to determine the current improvements in
cycle time, Defect rates and efficiency. Table and graphs were created in Tableau and Microsoft Excel for depicting
process trends and outcomes. Further, while using value stream mapping tools like Lucidchart, current and future
state value stream maps were developed. Some techniques used when collecting data included production times,
cycle times and defect rates within the production function before and after lean tools were adopted. To complement
the quantitative data, items on the worker's and managers' questionnaires were designed to capture the quantitative
data about the degree of difficulty or the kinds of practical work-related issues that could be confronted while
implementing the lean interventions, as well as the perceived benefits of the lean system. Data collected was used for
sorting cause and effect relationships, recognizing patterns and cycles, and establishing evidence of determining
improvements due to lean implementation. This delivery approach reduces the chances of picking isolated views of
the role of lean tools in cycle time reduction in aerospace manufacturing.
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Table 1 Methodology overview and tools summary

Aspect Methodology Followed

Research Design Case-study-based approach focusing on high variability and precision-
required aerospace manufacturing.

Data Collection Observational analysis capturing qualitative and quantitative aspects
of production processes.

Lean Tools Value Stream Mapping (VSM), Kanban, and 5S for identifying
bottlenecks, visualizing workflows, and workplace optimization.

Analysis Software SPSS, Minitab for statistical analysis; Tableau, Excel for data
visualization.

Mapping Software Lucidchart for creating current and future state value stream maps.

Metrics Analyzed Cycle times, defect rates, production efficiency, and qualitative
feedback.

Key Outcomes Identification of bottlenecks, elimination of non-value-added

activities, and improved operational efficiency.

Table 1 highlight more of the methodology and tools used in the study in order to clearly specify aspects including
research design, data collection methods, lean tools used, and analytical and mapping software used. Mention is
made of the fact that, when pursuing lean, efforts are directed at capturing not only the qualitative, but also the
quantitative, results of improvements for the purpose of obtaining reflectively accurate assessments of enhancing
implementations.

3. Results and Discussion
3.1 Baseline Assessment

Before the introduction of lean tools the processes in the production line showed many forms of wastage. The sample
of the selected aerospace parts had an average cycle time of 12 hours per unit, while more than 40% of this cycle time
was wasted on non-added value activities, waiting and transportation and unnecessary rework. Constraint activities
identified from the responses included instances of delay in Assembly and quality inspection as significant constraints
to achieving production goals and objectives. Defect rates were also high at an average of 8%, as seen in Figure 1,
which shows that though batches increase, there is no standard practice in the order flow. Value Stream Mapping
analysis exposed several areas of improvement, such as shortening the time between the handover of the product
from one workstation to the next and optimizing the method of inspecting the product. Inacente to the violence in a
workplace plan, frustrations from worker interviews included the annexation of an elaborate system in acceptance of
work progression management as feelingly as neat work surfaces.

10 Defect Rate Reduction (%)

Defect Rate (%)

Baseline Post-Implementation
Implementation Stage

Figure.1. Defect Rate Reduction (Before: 8%; After: 4.5%).
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The results show a marked decrease in defects once lean tools and techniques have been introduced. This is captured
in Figure 1, which shows the defect rate reducing from 8% to 4.5% after implementing the interventions. Prior to
these enhancements, the production process was characterized by many inefficiencies where non-value-added time
per unit was over 40% of the 12-hour cycle time. These activities, which include over-processing, waiting, and moving,
have added a lot of ineffectiveness to productivity and quality. The baseline assessment showed that there were
several operational constraints. Slowdown in assembly and quality control checks were found to have been the key
factors that hindered the regular running of operations and increased the defect rate. In addition, the lack of norms
in order flow further led to variability in the production batch-to-batch. Using a detailed Value Stream Mapping
(VSM), we identified the following as areas of waste: Areas that were identified for future improvement included
shortening the time taken between handling over from one workstation to the next as well as improving the inspection
systems to avoid time wastage and production of wrong products.

Besides operational inefficiency, workers' Feedback highlighted concerns related to the workplace environment.
During the interviews, the respondents complained of a poor work progression management system and a
disorganized work environment. Below are some of the crucial reasons in developing a better and more suitable
workplace for workers. The lean implementation plan included measures to cut down on activities that added no
value, ensure that systems and procedures are consistent, and ensure that working environments are cleaner and free
from clutter, improving workers' morale and efficiency. After implementing these changes, the defects were
minimized, and the cycle time of the whole process was improved. Enhancing the checking procedures and
concentrating on minimizing transition delay also improved quality and performance. These changes prove that lean
principles are relevant in enhancing operation efficiency, especially in aerospace manufacturing companies. The
significant improvement in the defect rate demonstrates that the systematic approach to determining and eliminating
sources of waste is effective.

3.2 Post-Implementation Outcomes

The application of lean tools led to improvements in the cycle time and overall productive output. When
implementing VSM the cycle time was brought down to an average of 8.5 hours per unit, this is 29% less than the
original duration (Figure 2). Work-in-progress stocks were cut by 25% through Kanban systems so that work flowed
through the stages more efficiently with few gaps. Implementation of the 5S methodology improved the workplace
order, reduced the average search time to 40 percent and increased total productivity, as depicted in Figure 3. On
average, the defect rate was reduced to 4.5%, demonstrating the effectiveness of implementing workflow
standardization and improved overall communication due to Kanban (Figure 2). Through lean interventions, workers
claimed reduced employee turnover and ramped up motivation because of their significant devotion to the explicit
and graphic work arrangement system introduced by lean. The use of lean tools and techniques has enhanced cycle
time and productivity, as depicted in Figure 2 below. The cycle time per unit also reduced from 12 hours to 8.5 hours
which is a 29% improvement in the efficiency of operations. This has been made possible by the Value Stream
Mapping which involves identifying and removing the non-value added activities at all the different stages of the
production process. The adoption of Kanban systems also increased the efficiency of work process flows; the amount
of work in progress (WIP) was cut down by 25%, thus eliminating possible production delays at different stages of
the process. It is also important to mention that the 55 methodology was used in this transformation as well. Through
the proper arrangement and simplification of the layout of the working area, the time spent to search tools and
materials was reduced by 40%, thus increasing the time spent on the actual work. This reorganization improved
workplace order and directly affected productivity since the employees could work more accurately and efficiently.
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Figure.2. Cycle Time Reduction (Before: 12 hrs; After: 8.5 hrs).

Implemented workflow standardization and improved communication due to the Kanban system, led to a decrease
in defects to 4.5%. This reduction also shows enhanced quality control and coordination of the teams to avoid
producing the same work, thus minimizing errors. Also, the implementation of lean interventions improved the
employees' morale. The employees reported a higher level of job satisfaction resulting from the adoption of a clear
and organized workflow through visual management systems. This openness in operations enhanced employee
ownership, lowered employee turnover, and increased motivation. The results suggest that implementing lean
practices has a positive effect on cycle time, defect rates and productivity, thus setting the platform for future
continuous improvement. Using the 55 methodology, the search time was reduced by 40%, as presented in Figure 3.
This improvement played a significant role in increasing the productivity of operations and the workers in the
organization. Before implementation of 5S, tool, material and documents were misplaced hence took long time to
search for them which made work to be slow and delayed. 5S principles, which include Sort, Set in order, Shine,
Standardize, and Sustain, were useful in this case as they organize the work environment to eliminate these
inefficiencies.

sor Search Time Reduction Due to 55 (%)

a0}

w
=]

N
=]

Reduction (%)

10

Before 55 After 55
Implementation Stage

Figure.3. Search Time Reduction due to 5S (40% improvement).

The “Sort” phase helped to remove any items that were not required in the workplace and therefore, creating space
and less clutter. “Set in Order” laid down places where tools and materials would be placed at disposal. The “Shine”
phase focused on cleanliness and since cleanliness reduces the risk of accidents it also helped identify potential
problems more easily. Standardization, the fourth step in the study, developed standard operating procedures to be
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followed in all the workstations in order to maintain order and minimize differences in the work processes. Finally,
the ‘Sustain’ phase made sure that the gains I made would be sustained through periodic audits and workers’
participation.

This change not only reduced the time but also enhanced the assurance of the process and made employees happy.
The organizational culture improved through the structured environment because it eliminated sources of frustration
and provided an environment where value could be added. Furthermore, the improved structure minimized the
possibility of errors and accelerated the whole process of production. The 40% reduction in the time spent searching
for items bears out the importance of 5S in increasing the overall efficiency of the workplace, and its coherence with
other lean initiatives aimed at reducing waste and increasing efficiency.

Table 3. Presents Cycle Time and Defect Rate Improvements.

Process Stage  Baseline Post- Cycle Time Baseline Post- Defect Rate
Cycle Time Implementat Improvemen Defect Implementation Improvement
(hr) ion Cycle t(%) Rate (%) Defect Rate (%) (%)
Time (hrs)
Material 2.5 1.8 28 10 6 40
Preparation
Assembly 5.0 3.5 30 15 8 47
Quality 3.0 2.0 33 5 3 40
Inspection
Packaging and 1.5 1.2 20 4 2 50
Dispatch
Total 12.0 8.5 29 8 4.5 44

In Table 3, lean tools are clearly shown to have minimized the cycle times and the defect rates in all production
phases. Material preparation increased through 5S, which also revealed better organization and implementation of
time by reducing cycle time by 28% and reducing defects per cycle by 40%. Across these assemblies, Assembly
experienced the most significant change in the defect rate across the board by reducing it by 47%, proving the effects
of Kanban in eliminating workflow issues and avoiding mistakes. The quality inspection and packaging stages also
realize significant improvements in cycle time with a 33 % and 20% decrease, respectively. The exact percentage
improvement of 29% in cycle time and the 44% in the defect rates justify the application of lean tools in improving
operations and product quality. Such findings offer practical information for applying similar plans in different
settings involving aerospace manufacturing companies.

3.3 Comparative Analysis of Lean Tools

Using lean tools, Value Stream Mapping (VSM), Kanban and 5S in aerospace manufacturing is unique and provides
different yet essential advantages. Each tool solves specific problems, and their combined utilization dramatically
enhances the overall increase in performance metrics, including cycle time, quality defects, and work in progress.
Value Stream Mapping (VSM) is a tool that gives a big picture of the flow of products through the production process,
the areas of the process that are slowing production down, and what activities do not add value. VSM has been
effectively used in aerospace manufacturing to identify regions of slowness and waste, such as long transfer times
between workstations or waiting at quality control stations. Through mapping the current and future operational
status, VSM offers specific areas that need to be improved and eliminates steps that do not add value. The strength
of this tool is that it reveals concealed abnormalities that affect the production flow and cycle time. Kanban supports
VSM by helping achieve improved flow and control of WIP. By directing the work using visual signs and restricting
the number of tasks under work, Kanban minimizes waiting and increases productivity. Kanban systems have helped
reduce overproduction and inventory waste in the aerospace industry. It also enhances the team's communication
flow since it presents easy-to-understand icons indicating task importance. Thus, everyone is on the same page in
terms of production targets. The 55 methodology aims to organize the workplace in a particular manner, ensuring
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tidiness. This tool directly enhances efficiency by reducing the time spent searching for tools and materials, increasing
safety, and increasing order and discipline amongst staff. The 5S, which include Sort, Set in Order, Shine,
Standardization, and Sustainability, focus on the organization's physical and cultural side. In aerospace
manufacturing, 5S has its application in eliminating errors, enhancing worker morale and improving the response
time during the production process because accuracy and cleanliness are vital in this industry. These tools work hand
in hand, and when combined, the effect felt is doubled. For instance, VSM defines waste, which Kanban improves
through a proper workflow flow, while 5S enables the environment to support these enhancements. This interlinking
approach to implementing a lean system produces a comprehensive lean framework that has reduced cycle time of
up to 29% and 44% fewer defects in different case studies. Workers' Feedback shows that using these tools can
enhance understanding, lessen anxiety, and raise productivity, affirming their importance in industries with exacting
requirements like aerospace.

The lean tools helped reduce the overall cycle time and increase productivity. As for VSM, this was especially useful
when comparing the value stream maps and pointing at the process bottlenecks and non-VA activities for further
intervention. Kanban proved an excellent system for managing work in progress, ensuring they flowed efficiently
through the value stream. The 55 methodology improved all operational operations since it sought to establish a
clean, well-arranged and systematic environment. The application of all these tools gives added advantages or what
you may call complementary effects. For example, the highly planned approach that VSM provides supplements with
the more fluid agility created by Kanban. Likewise, the efficiency resulting from 5S stressed the impact of other
instruments and worked in concert to produce efficient production. Table 4 presents the worker feedback on lean
tool adoptions.

Table 4: Worker Feedback on Lean Tool Adoption.

Feedback Theme Key Observations
Improved Efficiency "The 5S methodology significantly improved my efficiency by reducing
search times."

Streamlined "Kanban helped streamline tasks and minimized confusion on work

Workflows priorities."

Process Clarity "VSM gave us clarity on where delays were occurring and how to address
them."

Employee Engagement "Lean tools encouraged teamwork and better communication among team
members."

Reduced Stress Levels  "The structured workflows reduced the stress associated with last-minute
changes."

3.4 Challenges and Limitations

However, the following challenges were noted to have occurred during the implementation of the intervention. Lack
of organizational change culture was another factor that hindered the initial implementation of change since the
workers resisted change. Concept familiarisation training was necessary to improve workforce awareness about lean,
but this increased the time to implement lean. Moreover, the variety of operations that could be observed in different
aerospace manufacturing organizations was not captured because the study was focused on a relatively limited
number of components and related processes. Future research could look into the Cultural Dynamics of Lean
Deployment, mobile lean manufacturing, and using lean in Industry 4.0 or the impact of big data on lean. Other
research can also look into the durability of these changes and explore how these enhancements affect different
aspects of performance and cost, for instance.

4. Conclusion

The research showed that adopting lean tools, including Value Stream Mapping, Kanban, and 5S, produced tangible
and positive changes in the aerospace manufacturing industry's cycle time, claim rate and productivity.

e Concretely, cycle times dropped by 29%, the defect rates shrunk in the middle, and workplace organization
optimized. These outcomes speak volumes about the importance of lean tools in handling every inefficiency
and promoting change.
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e Consequently, the findings of this thesis for aerospace manufacturers are that choosing and implementing a
lean configured set of tools can lead to significant improvements in operations.

e Value stream mapping should be used to recognize waste, whereas Kanban can be applied to manage work
and cut out work in progress.

e In this case, the 5S procedure outlines steps towards the right workplace tidiness and efficiency. Change
management also remains essential to strengthen and continue the lean management application and to
lower the resistant factors of workers in accepting the application of lean techniques; manufacturers should
budget a higher amount for training the workers to apply lean techniques
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