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ABSTRACT

Manufacturing lead time is a critical factor in determining the efficiency and competitiveness of a manufacturing organization. The ability to reduce lead time can
result in cost savings, improved customer satisfaction, and increased overall productivity. One effective approach to optimizing manufacturing lead time is through
automation. Automation refers to the use of technology and machines to perform tasks that were previously carried out by humans.

By automating various processes within the manufacturing workflow, organizations can significantly reduce lead time by streamlining production, minimizing
errors, and improving overall efficiency. This can be achieved through the implementation of technologies such as robotics, computer-aided design and
manufacturing software, and advanced data analytics. One key benefit of automation in manufacturing is the ability to increase production speeds and reduce cycle
times.

Automated machines can work around the clock without the need for breaks, resulting in faster turnaround times for the production of goods. This can help
manufacturers meet tight deadlines and respond more quickly to changing market demands. Furthermore, automation can also lead to improved quality control and
reduced errors in the manufacturing process. Automated systems are highly precise and consistent, leading to fewer defects and rework.

This not only saves time but also reduces costs associated with scrap materials and rejections. Another important aspect of optimizing manufacturing lead time
through automation is the ability to adapt quickly to fluctuations in demand. Automated systems can be programmed to adjust production levels in real-time based
on changing market conditions, ensuring that businesses can respond swiftly to fluctuations in customer preferences and demand.

In addition to these benefits, automation can also enhance worker safety by taking over hazardous or repetitive tasks that may pose risks to human employees. By
delegating these tasks to automated systems, manufacturers can create a safer and healthier work environment while also improving overall productivity. Overall,
the optimization of manufacturing lead time through automation offers numerous advantages for organizations looking to stay competitive in today's fast-paced
market.

By leveraging automation technologies to streamline production processes, reduce errors, and enhance flexibility, manufacturers can achieve significant
improvements in efficiency, cost savings, and customer satisfaction.

1. Introduction and Review of Literature
1.1. Rationale for the Study and Motivation

The rationale for studying and optimizing manufacturing lead time through automation is rooted in several key factors:

Competitive Advantage: In today's highly competitive market, companies are constantly seeking ways to gain an edge over their rivals. One significant
way to achieve this is by reducing lead times. Shorter lead times enable companies to fulfill customer orders more quickly, respond faster to market
demands, and stay ahead of competitors.

Cost Efficiency: Automation can significantly reduce the cost of production by minimizing manual labor, streamlining processes, and minimizing errors.
By optimizing manufacturing lead time through automation, companies can operate more efficiently and effectively allocate resources, ultimately
reducing overall production costs.

Customer Satisfaction: Shorter lead times often translate to improved customer satisfaction. In today's fast-paced world, customers expect quick
turnaround times and prompt delivery of products. By automating manufacturing processes to shorten lead times, companies can meet customer
expectations and enhance their reputation for reliability and responsiveness.
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Inventory Management: Longer lead times often necessitate higher inventory levels to ensure product availability. By reducing lead times through
automation, companies can adopt leaner inventory management practices, minimizing carrying costs, reducing the risk of stockouts, and improving cash
flow.

Flexibility and Adaptability: Automation can make manufacturing processes more flexible and adaptable to changes in demand, product specifications,
or market conditions. This agility is crucial in industries where product lifecycles are short, and customization or rapid retooling is necessary to stay
competitive.

1.2 STATEMENT OF THE RESEARCH PROBLEM
. Production delays: Production delays can be caused by a number of factors, such as equipmentbreakdowns, supply chain disruptions, or

unexpected changes in demand. These delays can increase delivery times, reduce customer satisfaction and increase costs.

. Quality control issues. Maintaining consistent product quality is critical to customer satisfaction and brand image. However, manufacturing
companies may face problems such as defects, deviations, or deviations from specifications, which may lead to rework, deletion, and customer
complaints.

. Equipment downtime and maintenance: Regular maintenance of machinery and equipment is essential to prevent breakdowns and ensure
optimum performance. However, scheduling maintenance without disrupting production schedules can be difficult, leading to unplanned
downtime.

1.3 REVIEW OF LITERATURE

Title: "Optimizing Production Lead Time in a Multi-Product Manufacturing System with Autonomous Agents"
Objective: Investigate the application of autonomous agents in optimizing production lead time in a multi-product manufacturing system.

Result: The study demonstrates that autonomous agents can significantly reduce lead time by dynamically adjusting production schedules and resource
allocations.

Title: "Optimizing Manufacturing Lead Time through Lean and Automation: A Case Study Approach”
Objective: Examine the synergistic effects of lean principles and automation technologies on reducing manufacturing lead time.

Result: The case study findings reveal that the integration of lean practices and automation leads to substantial reductions in lead time, improving
operational efficiency and customer satisfaction.

Author:( Goyal, S., & Verma, A. Year: 2020)
Title: "Optimization of Manufacturing Lead Time using Industry 4.0 Technologies: A Case Study in Automotive Sector"
Objective: Investigate the impact of Industry 4.0 technologies on optimizing manufacturing lead time in the automotive sector.

Result: The case study demonstrates that the adoption of Industry 4.0 technologies, such as IoT and predictive analytics, enables real-time monitoring
and control, resulting in significant reductions in lead time.

Author: (Wang, Y., Zhang, W., & Wang, X. Year: 2019)
Title: "Optimization of Manufacturing Lead Time in Smart Factory based on Digital Twin and loT"
Objective: Explore the use of digital twin technology and IoT in optimizing manufacturing lead time within a smart factory environment.

Result: The study shows that digital twin models integrated with loT sensors facilitate real-time data analysis and process optimization, leading to shorter
manufacturing lead times and improved productivity.

Author: (Gupta, A., & Sharma, R. Year: 2021)
Title: "Application of Artificial Intelligence for Optimizing Manufacturing Lead Time: A Review"
Objective: Provide a comprehensive review of the application of artificial intelligence (Al) techniques for optimizing manufacturing lead time.

Result: The review highlights various Al-based approaches, including machine learning and optimization algorithms, that have been successfully applied
to reduce lead time by improving production planning, scheduling, and resource allocation.

Author: (Li, X., Zhang, H., & Ma, L. Year: 2018)

Title: "Integration of Robotics and Additive Manufacturing for Optimizing Manufacturing Lead Time: A Case Study"
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Objective: Investigate the integration of robotics and additive manufacturing technologies to optimize manufacturing lead time. Result: The case study
demonstrates that combining robotics with additive manufacturing enables flexible and rapid production processes, leading to significant reductions in
lead time and production costs.

1.4 IDENTIFICATION OF RESEARCH GAPS

Identifying research gaps in the field of optimizing manufacturing lead time through automation involves assessing existing literature, methodologies,
and practices to pinpoint areas that have not been adequately addressed or require further investigation. Here are several potential research gaps in this
area:

. Integration of Emerging Technologies:

While automation technologies such as robotics and loT have been widely studied for their potential to optimize manufacturing lead time, there may be
a lack of research on the integration of emerging technologies such as blockchain, edge computing, or augmented reality. Investigating how these
technologies can be leveraged synergistically to further reduce lead times could be a fruitful area of research.

. Optimal Automation Strategies for Small and Medium-sized Enterprises (SMEs):

Many studies on automation optimization are conducted in the context of large manufacturing corporations, but there is a need for research tailored to
the unique challenges and constraints faced by SMEs. Investigating cost-effective automation solutions, scalability issues, and organizational readiness
for automation adoption in SMEs could fill this gap.

. Dynamic Optimization Models for Variable Demand Environments:

Traditional optimization models assume steady-state demand, but real-world manufacturing environments often face fluctuating demand patterns.
Research on dynamic optimization models that can adapt to variable demand conditions in real-time could provide more robust solutions for lead time
optimization.

1.5 THEORETICAL UNDERPINNINGS

Optimizing manufacturing lead time through automation draws upon theoretical perspectives from various disciplines such as operations management,
automation theory, and industrial engineering. Lean Manufacturing principles, rooted in minimizing waste and maximizing value- added activities, inform
the implementation of automation to streamline production processes and reduce lead times.

Similarly, the Theory of Constraints (TOC) guides manufacturers in identifying and alleviating bottlenecks to optimize throughput and minimize delays.

Queueing Theory offers insights into lead time variability and opportunities for improvement, aiding in the optimization of queueing systems through
automation-driven reductions in wait times and resource utilization. Operations Research techniques facilitate the analysis of manufacturing processes
and the identification of automation-driven optimization opportunities in production scheduling and resource allocation.

Agile Manufacturing principles emphasize flexibility and responsiveness, guiding the deployment of automation technologies for rapid process
reconfiguration and lead time reduction. Digital Transformation frameworks, such as Industry 4.0 and IloT, advocate for the integration of digital
technologies to optimize processes and reduce lead times through real-time monitoring and decision- making. Total Quality Management principles
advocate for continuous improvement and customer focus, with automation supporting quality control measures to minimize defects and rework.

2. Research Methodology
2.1 Scope of the Study

Optimizing manufacturing lead time through automation involves a systematic approach encompassing several key steps. Initially, analyzing current
manufacturing processes is essential to pinpoint areas where automation can be effectively implemented. This involves a detailed assessment of tasks
prone to manual intervention or inefficiencies that could benefit from automation technologies. Subsequently, implementing automation technologies is
crucial to streamline production and minimize manual intervention, thereby reducing lead times. This step entails selecting and deploying appropriate
automation solutions tailored to the specific needs and requirements of the manufacturing operation. Following implementation, studying the impact of
automation on lead times and overall manufacturing efficiency is imperative. This involves conducting thorough assessments to measure improvements
in lead times, productivity, and resource utilization post-automation. Monitoring and evaluating key performance indicators (KPIs) both before and after
automation implementation provide valuable insights into the effectiveness of the automation initiatives. Additionally, identifying potential challenges
and limitations of automation in reducing lead times is crucial for devising mitigation strategies and optimizing the automation process. Lastly, developing
recommendations for optimizing manufacturing lead time through automation based on research findings enables continuous improvement and refinement
of automation strategies to achieve maximum efficiency and competitiveness in manufacturing operations.
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2.2 Research Objectives

i. To Reduce the production delays and improve efficiency
ii. To Minimize manual work and human error

iii. To Simplify supply chain processes for faster turnaround times
2.1 FRAMING OF RESEARCH HYPOTHESES

1. Hypothesis 1:

Null Hypothesis (HO): There is no significant different between Optimizing manufacturing lead time through automation
Alternative Hypothesis(H1) : There is a significant different between Optimizing manufacturing lead time through automation
Related Question from the Questionnaire: How does automation contribute to lead time optimization?

2. Hypothesis 2 :

Null Hypothesis (H0): There is no significant difference in supply chain processes Alternative Hypothesis (H1): There is a significant difference in supply
chain processes

Related Question from the Questionnaire : What is a key benefit of automation in manufacturing lead time reduction?
3. Hypothesis 3 :

Null Hypothesis (H0): There is no significant difference in productivity & human error Alternative Hypothesis (H1): There is a significant difference in
productivity & human error

Related Questions from the Questionnaire : How does Automation affect Workforce Management

Manufacturing?
2.2 RESEARCH DESIGN

Research Design

Designing a research study on optimizing manufacturing lead time through automation involves careful planning of the research objectives, methodology,
data collection techniques, and analysis procedures.

Research Objectives:

Define clear research objectives, such as assessing the impact of automation on manufacturing lead time, identifying effective automation strategies, or
evaluating the economic benefits of automation impleentation.

Literature Review:

Conduct a comprehensive literature review to gather existing knowledge and insights on optimizing manufacturing lead time through automation. Identify
gaps in the literature and potential research questions to address.

Research Methodology:
Determine the research approach, whether quantitative, qualitative, or mixed-methods, based on the research objectives and available resources.

Quantitative Approach: If employing a quantitative approach, design surveys or questionnaires to gather data on manufacturing lead time, automation
technologies, and performance metrics. Use statistical analysis techniques to analyze the data and draw conclusions.

Qualitative Approach: If using a qualitative approach, conduct interviews, focus groups, or case studies with manufacturing professionals to explore their
experiences, perspectives, and insights on automation and lead time optimization.

Mixed-Methods Approach: Consider combining quantitative and qualitative methods to gain a comprehensive understanding of the research topic,
triangulating data from multiple sources for robust analysis.

Sampling Strategy:

Define the target population for the study, such as manufacturing companies in a specific industry or geographical region. Determine the sampling
technique, whether probability sampling (e.g., random sampling) or non-probability sampling (e.g., purposive sampling), based on the research objectives
and constraints.
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Data Collection:

Develop data collection instruments, such as surveys to gather relevant data on manufacturing processes, automation technologies, and lead time metrics.
Implement data collection methods accrding to the research design, ensuring consistency and reliability in data collection procedures.

Data Analysis:

Analyze quantitative data using statistical software packages to examine relationships between automation variables and manufacturing lead time.
Perform descriptive and inferential statistical analyses to draw conclusions from the data. Analyze qualitative data using thematic analysis, content
analysis, or other qualitative analysis techniques to identify patterns, themes, and insights related to automation and lead time optimization.

2.3 METHODS FOR DATA COLLECTION & VARIABLES OF THE STUDY

Methods for data collection

i Primary Data

ii. Secondary Data

Primary Data

Primary source of data was collected by questionnaire.
Secondary Data

Secondary source of data was collected from Books
Journals Magazines

Sampling

The sample technique utilized for data gathering is convenient sampling. The convenience sampling method is a non-probability strategy.
Sampling size

It indicates the numbers of people to be surveyed. Though large samples give more reliable results than small samples but due to constraint of time and
money, the sample size is 100.

Plan of analysis
Diagrammatic representation through graphs and charts

Logistics able inferences will be made after applying necessary statistical tools. Findings & suggestions will be given to make the study more useful.

3. Data Analysis and Interpretation
3.1 Techniques for Data Analysis

When conducting a theoretical study on optimizing manufacturing lead time through automation, data analysis techniques may not involve empirical data
collection but instead focus on analyzing existing literature, theoretical frameworks, and conceptual models. Here's an overview of the techniques typically
used in this context:

e Literature Review: Begin by conducting a comprehensive literature review to gather existing theories, models, and empirical studies related
to manufacturing lead time optimization and automation. This involves identifying relevant scholarly articles, books, reports, and other sources
to gain insights into the current state of knowledge in the field.

. Conceptual Framework Development: Based on the literature review, develop a conceptual framework that outlines the key variables,
relationships, and mechanisms involved in optimizing manufacturing lead time through automation. This framework serves as a theoretical
basis for the study, guiding the analysis and interpretation of findings.

. Qualitative Analysis: If applicable, use qualitative analysis techniques such as content analysis or thematic analysis to explore qualitative data
sources such as case studies, interviews, or expert opinions on automation strategies and their impact on manufacturing lead time.

3.2 Hypotheses Testing and Methods

Based on the objectives, 3 tests are undertaken. Here only observed values are available from the questionnaire. The expected values are not available.
Hence we should divide the respondents based on the no. of parts required in a equal manner.
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1. Hypothesis 1:

Null Hypothesis (H0): There is no significant different between Optimizing manufacturing leadtime through automation
Alternative Hypothesis(H1) : There is a significant different between Optimizing manufacturing lead time through automation
Related Question from the Questionnaire:  How does automation contribute to lead time

optimization?

o E O-E (O-E)2 (O-E)2/E
30 25 5 25 1

18 25 -7 49 1.96

25 25 0 o 0

30 25 5 25 1
TOTAL 3.96

R =n-1=4-1=3 a =0.05

Based on the chi-square table , by using the r and a values the chi-square value is 7.815

Since the calculated value is 3.96 which is less than table value and also it falls under critical region<
“HO IS REJECTED.”

2. Hypothesis 2 :

Null Hypothesis (HO): There is no significant difference in supply chain processes Alternative Hypothesis (H1): There is a significant difference in supply
chain processes

Related Question from the Questionnaire : What is a key benefit of automation in manufacturing lead time reduction?

o E o-E (0-E)? (O-E)E
30 33.3 3.3 10.89 0.327

44 33.3 10.7 114.49 3.43

26 33.3 7.3 53.29 1.60
TOTAL 5.357

R=n-1=3-1=2 . =0.05

Based on the chi-square table , by using the r and a values the table value is 5.991

Since the calculated value is 5.357 which is less than table value and also it falls under critical region
“HO IS REJECTED.”

3. Hypothesis 3 :

Null Hypothesis (H0): There is no significant difference in productivity & human error Alternative Hypothesis (H1): There is a significant difference in
productivity & human error

Related Questions from the Questionnaire : How does Automation affect Workforce Management Manufacturing?

o E O-E (O-E)2 (O-E)2/E
26 25 1 1 0.04

44 25 19 361 14.44

20 25 -5 25 1
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10 25 -15 225 9

TOTAL 24.48

R =n-1=4-1=3 0= 0.05
Based on the chi-square table , by using the r and a values the chi-square value is 7.815
Since the calculated value is 24.48 which is greater than table value and also it falls under critical region “HO IS Rejected .”

International Journal of Research Publication and Reviews Vol () Issue () (2021) Page 000
3.3 Data Interpretation

1. Age of the Respondent

Table takes into consideration a number of different factors in order to provide an accurate estimate of the subject's age. There were almost half as many
responses who were under the age of 30 as there were who were in their twenties, with 23% in their twenties, 18% in their forties, and 15% in their fifties.

15%

)

® 1830 ® 3140 » 41.50 = 50 above
2. Gender

You will find a table at the very top of the page that organizes the information according on gender for your own personal convenience. In all, there are
67 males and 33 women.

m Male ®» Female

3. Occupation

The Table provides a condensed explanation of the term "Occupation.”" The one immediately behind it is the next in line after this one. The situation may
be broken down as follows: 12% of revenue comes from product sales, 28% from service revenue, 47% from student enrolment, and 13% from other
sources.



International Journal of Research Publication and Reviews, Vol 5, no 4, pp 3384-3393 April 2024 3391

4.1 RESEARCH OUTCOME AND FINDINGS

Reduction in Lead Time: Automation in manufacturing processes consistently leads to a reduction in lead time. By replacing manual tasks with automated
systems, processes become more efficient, resulting in faster production cycles from raw materials to finished products.

Improved Efficiency: Automation optimizes manufacturing processes by minimizing idle time, reducing errors, and increasing throughput. This improved
efficiency directly contributes to shorter lead times and higher productivity levels.

Enhanced Flexibility: Automation technologies, such as robotics and flexible manufacturing systems, enable rapid reconfiguration of production lines to
accommodate changes in product demand or design. This flexibility allows manufacturers to adapt quickly to market fluctuations and customer
preferences, thereby reducing lead times.

4.2 Theoretical Implication

Optimizing manufacturing lead time through automation spans across various theoretical domains, each offering unique insights into enhancing
operational efficiency and competitiveness. Within operations management theory, methodologies such as Lean Manufacturing and Six Sigma guide the
elimination of waste and the improvement of process efficiency.

By automating repetitive tasks, manufacturers can streamline production processes, thus minimizing lead times and boosting overall performance. In the
realm of supply chain management, concepts like the Bullwhip Effect underscore the importance of integration and coordination. Automation facilitates
real-time data exchange, leading to optimized inventory levels, reduced lead times, and heightened supply chain responsiveness. Moreover, theories of
technology adoption shed light on the factors influencing the assimilation of automation technologies within organizations, aiding in overcoming
resistance to change and fostering successful implementation.

4.3 MANAGERIAL IMPLICATIONS

Optimizing manufacturing lead time through automation carries several managerial implications that affect various aspects of organizational strategy,
operations, and workforce management. Here are some key managerial implications to consider: Investment in Automation Technologies: Managers need
to make strategic decisions regarding the selection and investment in automation technologies that align with the organization's goals and objectives for
lead time optimization. This involves assessing the costs, benefits, and potential risks associated with implementing automation solutions and ensuring
that they are compatible with existing systems and processes.Change Management and Employee Training: Managing the transition to automated
manufacturing processes requires effective change management strategies to minimize resistance and facilitate employee buy-in. Managers must
communicate the rationale for automation, provide training and upskilling opportunities for employees, and address concerns about job displacement or
role changes to ensure a smooth transition.

4.4 Limitations of the Study

Scope Limitations:

The study may focus on a specific industry, type of manufacturing process, or geographic region, limiting its applicability to other contexts.
Certain aspects of the manufacturing process or automation technologies may not be fully explored due to resource constraints or time limitations.
Data Limitations:

Availability and quality of data related to manufacturing lead time, automation technologies, and performance metrics may vary, affecting the accuracy
of the analysis. Reliance on historical data may not capture recent developments or changes in the manufacturing environment. Technology
Limitations:Rapid advancements in automation technologies may outpace the study's timeframe, making its findings outdated or less relevant.
Compatibility issues or technical constraints may limit the implementation of certain automation solutions within existing manufacturing systems.

4.5 CONCLUSIONS

In conclusion, optimizing manufacturing lead time through automation is crucial for improving efficiency, reducing costs, and meeting customer demand
in today's competitive business environment. By implementing automated processes such as robotics, Al, and loT devices, manufacturers can streamline
production, reduce human error, and achieve higher levels of productivity.

This not only allows companies to expedite their manufacturing processes but also enhances the overall quality and consistency of their products.
Furthermore, automation helps minimize lead times by enabling real-time monitoring of production operations, identifying bottlenecks, and adjusting
workflows accordingly. This proactive approach ensures that resources are utilized effectively,reducing unnecessary delays and improving overall
production throughput.



International Journal of Research Publication and Reviews, Vol 5, no 4, pp 3384-3393 April 2024 3392

4.6 SCOPE FOR FUTURE RESEARCH

As the field of optimizing manufacturing lead time through automation continues to evolve, there are several avenues for future research that could further
enhance our understanding and implementation of automation strategies. Here are some potential areas for future research:

Advanced Automation Technologies: Investigate the potential of emerging automation technologies, such as artificial intelligence, machine learning, and
advanced robotics, in further optimizing manufacturing lead time. Explore how these technologies can be integrated and deployed effectively in diverse
manufacturing environments.Human-Machine Collaboration: Explore strategies for effective collaboration between humans and automated systems in
manufacturing settings. Investigate how to design and implement human- machine interfaces, training programs, and work processes that maximize
productivity while ensuring safety, ergonomics, and job satisfaction for workers.
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ANNEXURE

1. Age

a) 18-30 b) 31-40 c) 41-50 d) 50 & above

2. Gender a) Male b) Female

3. Occupation a) Business owners b) Services Engineers c) Employees d) Others

4. What is the primary goal of optimizing manufacturing lead time through automation?

a. Decreasing production costs
b. Minimizing time-to-market
c. Increasing product quality

d. Minimizing waste generation

5. How does automation contribute to lead time optimization?

a. By increasing manual intervention

b. By introducing process complexity

c. By streamlining production processes
d. By reducing production speed

6. Which managerial function is essential for successful automation implementation?

a) Avoiding change management
b) Overlooking employee training
C) Effective change management

7. What is a key benefit of automation in manufacturing lead time reduction?
a) Increased variability
b) Higher defect rates

c) Improved process efficiency
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8. What role does data management play in automation for lead time optimization?

iv.

Minimizes data collection
Maximizes data analysis
Delays data processing

Reduces data accessibility

9. How does automation affect workforce management in manufacturing?

a)
b)
c)
d)

Increases skill requirements
Reduces job opportunities
Enhances productivity

Hinders employee training

10. Which factor is crucial for successful automation adoption in manufacturing?

a)
b)
c)

d)

Acceptance to technology
Lack of strategic planning
Effective change management

Ignoring process optimization



