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Abstract: This research paper explores the application of lean manufacturing techniques for
process improvement in the cable company. Lean manufacturing is a philosophy and
methodology focused on eliminating waste and maximizing value-added activities in
production processes. The cable industry faces various challenges, including complex
production flows, high demand variability, and increasing customer expectations. Therefore,
implementing lean manufacturing principles becomes crucial to enhance operational
efficiency, reduce costs, and improve overall customer satisfaction. The paper begins by
providing an overview of lean manufacturing principles, including the identification and
elimination of various forms of waste such as overproduction, defects, waiting time,
excessive inventory, and unnecessary motion. It highlights the importance of creating a
culture of continuous improvement and engaging employees at all levels of the organization
in the lean transformation process. Overall, this research paper provides a comprehensive
approach to implementing lean manufacturing techniques in the cable company for process
improvement. It serves as a valuable resource for managers, engineers, and practitioners in
the cable industry seeking to enhance operational efficiency and achieve sustainable
competitive advantage.

1. Introduction

The cable industry is a highly competitive sector that faces numerous challenges, including
increasing customer demands, cost pressures, and the need for continuous process improvement. To
thrive in this dynamic business environment, cable companies must seek innovative approaches to
enhance operational efficiency, reduce waste, and improve product quality. One such approach that
has gained widespread recognition is lean manufacturing. Lean manufacturing is a philosophy and
methodology that aims to eliminate waste and maximize value-added activities in production
processes. Originally developed by Toyota as the Toyota Production System (TPS), lean principles
have adopted and adapted by various industries worldwide. By applying lean manufacturing
techniques, organizations can achieve significant process improvements, streamline operations, and



ultimately deliver greater value to customers.

The paper structured to provide a comprehensive approach to lean manufacturing
implementation in the cable company. It begins by defining the core principles of lean
manufacturing, emphasizing the importance of waste reduction, continuous improvement, and
employee engagement. It then delves into specific lean techniques that can be leveraged in the cable
manufacturing context, including value stream mapping, 5S workplace organization, standardized
work, kanban systems, just-in-time production, and total productive maintenance.

Furthermore, the paper discusses the organizational and cultural aspects of lean implementation.
It highlights the need for strong leadership commitment, employee empowerment, and a culture of
continuous learning and improvement. It also explores the role of performance measurement and
key performance indicators (KPIs) in tracking progress and sustaining lean initiatives. Throughout
the paper, practical examples and case studies from the cable industry and other related sectors
presented to illustrate the successful application of lean manufacturing techniques. These examples
will highlight the benefits, challenges, and potential outcomes that can be achieved through lean
implementation in the cable manufacturing context.

Overall, this research paper aims to provide a comprehensive guide for cable companies seeking
to implement lean manufacturing for process improvement. By adopting a systematic and holistic
approach, organizations can enhance their operational efficiency, reduce waste, and achieve
sustainable competitive advantage in the dynamic cable industry.

This study organized into five sections. A literature review of job evaluation for lean
manufacturing and process improvement in section 2. Section 3 presents the mathematical model.
Section 4 comprises the case study and final section includes the conclusion.

2. Literature Survey

The implementation of lean manufacturing techniques for process improvement in the cable
industry has been a topic of interest among researchers and practitioners alike. Numerous studies
have examined the application of lean principles in manufacturing settings and highlighted their
benefits in terms of increased efficiency, reduced waste, and improved customer satisfaction. This
literature survey provides an overview of key research and findings related to lean manufacturing
implementation in the cable company.

Many studies have emphasized the core principles and concepts of lean manufacturing and their
relevance to the cable industry. These principles include waste reduction, continuous improvement,
value stream mapping, standardized work, pull production, and visual management. Researchers
have highlighted the importance of understanding and applying these principles as a foundation for
lean implementation in the cable company [1-7].Researchers have explored the specific challenges
faced by the cable industry and the opportunities for process improvement through lean
manufacturing. These challenges include complex production flows, high demand variability, long
lead times, quality issues, and increasing customer expectations. Studies have identified the
potential benefits of lean implementation in addressing these challenges, such as reducing inventory,
improving responsiveness, and enhancing overall operational performance [8-10] Some studies
examine the implementation of lean production practices in the cable manufacturing industry
[11,12]. It provides insights into the challenges faced by cable companies and presents a
comprehensive framework for lean implementation. The study highlights the benefits of lean
manufacturing in terms of waste reduction, improved productivity, and enhanced customer
satisfaction [13-16].

Research has also explored the importance of organizational and cultural factors in lean
manufacturing implementation. Studies have emphasized the role of leadership commitment,



employee involvement, communication, and training in driving successful lean transformations.
These factors are crucial for creating a culture of continuous improvement and sustaining lean
practices in the cable company [17, 18].

Measurement and metrics play a vital role in assessing the effectiveness of lean manufacturing
implementation and tracking progress. Researchers have highlighted the importance of defining and
monitoring key performance indicators (KPIs) related to quality, delivery, cost, and employee
engagement. These metrics enable cable companies to evaluate the impact of lean practices and
identify areas for further improvement [19-21]. Some of the systematic literature reviews explore
the application of lean management principles in the cable assembly industry. They synthesize
existing research to identify common lean practices, challenges, and benefits in the cable assembly
process. The studies emphasize the need for effective leadership, employee engagement, and
performance measurement in lean implementation [22-28]. The studies investigate the
implementation of lean thinking and it discusses the challenges faced during the implementation
process and presents a step-by-step approach to lean implementation. The study highlights the
benefits of lean practices, such as reduced defects, improved delivery performance, and increased
customer satisfaction [29-31].

The literature reviews provide a comprehensive analysis of existing research on lean
manufacturing in the cable industry. It examines the various lean techniques applied, the challenges
encountered, and the benefits realized. The review identifies gaps in the current literature and
suggests future research directions to further enhance lean implementation in the cable industry [32-
40].

These related works provide a foundation of knowledge and research findings on lean
manufacturing implementation in the cable industry. They cover a range of topics, including case
studies, specific lean techniques, organizational factors, and supply chain management. By studying
these works, cable companies can gain valuable insights and guidance to support their own
comprehensive approach to lean manufacturing implementation and process improvement.

3. Methodology

To achieve a comprehensive approach to lean manufacturing implementation for process
improvement in the cable company, a systematic methodology is crucial. The following
methodology outlines the steps involved in implementing lean manufacturing techniques effectively:

Define Objectives and Scope: Clearly define the objectives of the lean implementation project.
Determine the specific areas of focus, such as production processes, quality improvement, or supply
chain optimization. Establish the scope of the project to ensure it remains manageable and
achievable within the available resources.

Assess Current State: Conduct a thorough assessment of the current state of the cable
company's manufacturing processes. ldentify existing bottlenecks, waste, and areas for
improvement. This assessment can include process mapping, value stream analysis, and data
collection on key performance metrics.

Establish a Lean Team: Form a cross-functional lean team consisting of representatives from
various departments and levels of the organization. This team will be responsible for leading and
driving the lean implementation efforts. Assign clear roles and responsibilities to team members to
ensure effective collaboration and ownership of the Project.

Educate and Train: Provide comprehensive education and training on lean manufacturing
principles and techniques to the lean team and relevant employees. This training should cover the
core concepts of lean, specific techniques to be implement, and the expected benefits. It is essential
to ensure that everyone involved understands the purpose and methodology of lean implementation.



Identify and Prioritize Improvement Opportunities: Based on the assessment conducted
earlier, identify and prioritize improvement opportunities. This can be done through techniques such
as value stream mapping, where the current state and future state of processes are analysed to
identify areas of waste and potential improvement. Prioritize improvement opportunities based on
their impact on key performance indicators and alignment with strategic goals.

Develop an Implementation Plan: Create a detailed implementation plan that outlines the
specific lean techniques to be implemented, the timeline, and the resources required. Break down
the plan into manageable phases or projects to facilitate implementation and progress tracking.
Ensure that the plan includes specific actions, responsible parties, and milestones.

Implement Lean Techniques: Execute the implementation plan by implementing the selected
lean techniques. This may involve implementing 5S workplace organization, establishing visual
management systems, applying standardized work procedures, implementing pull systems, or
introducing continuous improvement initiatives. Engage the lean team and employees at all levels
actively participate in the implementation process.

Monitor and Measure Progress: Regularly monitor and measure the progress of lean
implementation. Track key performance indicators related to quality, productivity, lead-time, and
customer satisfaction. This monitoring helps to identify any deviations from the expected outcomes
and allows for timely adjustments and corrective actions.

Continuously Improve: Embrace a culture of continuous improvement by encouraging ongoing
feedback, learning, and refinement. Conduct regular reviews of the implemented lean techniques,
gather employee suggestions, and explore opportunities for further improvement. Incorporate
feedback and lessons learned into the lean implementation process to drive sustained progress and
long-term success.

- Production Planning and Scheduling: Mathematical programming model develops to
optimize production planning and scheduling decisions. These models can take into account factors
such as demand variability, production capacity, machine setups, and material availability. By
considering these factors and solving the mathematical models, optimal production plans and
schedules generate to minimize setup time, reduce production lead times, and maximize resource
utilization.

- Inventory Management: Mathematical programming can assist in optimizing inventory levels
in the cable company. By considering factors such as demand forecasts, lead times, production rates,
and holding costs, inventory models can be formulated to determine the optimal reorder points,
order quantities, and safety stock levels. These models can help balance the trade-off between
inventory costs and customer service levels, ensuring that the right amount of inventory is available
at the right time.

- Layout Optimization: Mathematical programming techniques can assist in optimizing the
layout of the production facility. By considering factors such as material flow, equipment placement,
and workstations' spatial arrangement, the models can determine an optimal layout that minimizes
travel distances, eliminates process bottlenecks, and enhances overall efficiency.

- Supplier Selection and Procurement: Mathematical programming models can aid in the
selection of optimal suppliers and the determination of procurement quantities. These models can
consider factors such as supplier capabilities, pricing, delivery lead times, and quality metrics to
make informed decisions on supplier selection and order quantities that minimize costs and ensure
timely availability of materials.

- Resource Allocation: Mathematical programming can aid in optimizing resource allocation
decisions in the cable company. This includes determining the optimal allocation of labor, machines,
and materials to various production tasks or orders. By formulating resource allocation models that
consider factors such as capacity constraints, production priorities, and costs, optimal resource
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utilization can be achieved, minimizing idle time and maximizing production efficiency.

- Routing and Logistics: Mathematical programming can optimize routing and logistics
decisions, particularly in cable companies with complex distribution networks. By considering
factors such as transportation costs, delivery lead times, vehicle capacities, and customer demand
patterns, the models can determine the optimal routing plan that minimizes transportation costs,
reduces delivery lead times, and improves overall logistics efficiency.

- Quality Control: Mathematical programming techniques can also be employed in optimizing
quality control processes in the cable company. By considering factors such as inspection costs,
sampling plans, and quality targets, quality control models can determine the optimal inspection
frequency and sample size, ensuring that quality standards are met while minimizing inspection
costs.

- Lean Performance Metrics: Mathematical programming can be utilized to develop lean
performance metrics and measurement systems. These models can capture key performance
indicators (KPIs) related to lean practices, such as waste reduction, process cycle times, defect rates,
and equipment uptime. By quantifying these metrics and tracking their performance over time, the
cable company can identify areas for improvement, set targets, and monitor progress towards lean
manufacturing goals.

- Communicate and Celebrate Success: Communicate the progress and successes achieved
through lean implementation to all stakeholders within the organization. Share the improvements in
key performance indicators, cost savings, and customer satisfaction. Celebrate achievements and
recognize the efforts of individuals and teams involved in the lean implementation process. This
fosters a positive culture and encourages further engagement in continuous improvement initiatives.

By following this systematic methodology, the cable company can ensure a comprehensive and
structured approach to lean manufacturing implementation for process improvement. The
methodology enables the company to identify, prioritize, and implement the most suitable lean
techniques, while fostering a culture of continuous improvement and sustainable results.

4. Case Study

By following this approach, the cable company can optimize the allocation of cables to products,
calculate the space requirements in the intermediate stock area, and determine the number of
suspension arms needed for each product. This will help streamline production processes, ensure
efficient use of resources, and facilitate better planning and management of the intermediate stock
area.

The basic process flow in the cable production system of the company;

1) Cables are cut in certain lengths.

2) After the cutting stage, it brought to the intermediate stock area and hung on the hanger arms.
Cables shorter than 550 mm able not be pulled. Therefore, the operator in the cable cutting process
must know the quality standards very well.

3) Terminals attached to the ends of the cables.

- The installed terminals divided into two as male and female terminals. Male terminals attached
to the cable end in the form of pointed ends, female terminals in a short and square shape. Breakage,
warp, etc. in male terminals. Many problems able to encountered. In such cases, the operator must
inform the foreman of the line.

4) In pre-assembly processes, the terminals are attached to the connectors manually (manually)
and with the navigation system.

- Which cable will be mounted to which connector in the navigation system is provided by the
colored lights on the assembly table.



- In the manual system, the connections between the cable and the connector able to learned
thanks to the panels in front of the operator.

- In some cases, the connector may be lock or the terminal may have dislocated, so the cable
cannot be assembled, indicating a quality problem from the previous process. In such cases, the
operator of the line stops the process by pressing the andon button and informs the foremen. If there
is a problem caused by the previous process not working in accordance with the quality standards,
that product is in the workflow. However, if there was no problem in the previous process,
maintenance engineers intervene urgently in order not to pull the product from the line and to
ensure on-site quality.

5) Cables collected from the pre-assembly process undergo a banding operation on the conveyor,
and the cables that need to be connect to each other.

- If a problem occurs in the conveyor banding process, the operator has to press the andon button.
The foreman is called and if there is a problem caused by the process at that stage, the maintenance
engineer is consulted.

6) The cables coming out of the banding process laid on the conveyor and the set spreading
operation takes place. As in the banding system on the conveyor, when an error found, the
precaution taken by pressing the andon.

7) The product finished as a result, the Set-Spreading operation is hung on the product hanger at
the end of the process.

8) When it comes to the finished product, it pulled with kanban and operated in the latch control
process.

9) The product, in its turn, undergoes an operation in the final assembly process.

10) The product, in its turn, undergoes an operation in the E / T process (Electric Test).

- At the end of the E / T process, the product card attached to the product and the most important
quality control stage is done in this area. Because the product that will go through this process is
given to the hanger area to be sent to the customer.

11) The finished product is taken to the warehouse dispatch department in the area of the firm
whose supply is determined, and it is kept in stock in a condition that can be called at any time for
the customer.

To optimize the utilization of the intermediate stock area and determine the number of
suspension arms needed for each product, mathematical modeling and calculations have to
performed. The following steps outline the approach:

1) Determine Customer Demand and Cable Types: Collect data on customer demand for each
product and identify the specific cable types required for their production.

2) Establish Mathematical Models: Develop mathematical models using operations research
techniques to allocate the available cables to the desired products. The models should consider the
availability and usage percentages of each cable type in the products.

3) Solve the Models: Utilize optimization software such as LINDO to solve the mathematical
models and determine the optimal allocation of cables for each product. The solution will provide
the quantities of each cable type required for production.

4) Calculate Space Requirement: Analyze the cross-sections of the cables and calculate the
space needed in the intermediate stock area for each product. For example, if a cable occupies 40
cm of space, and a product requires two of these cables, it will occupy 80 cm of space in the stock
area.

5) Determine the Number of Suspension Arms: Divide the total space required by the length
of each suspension arm (40 cm in this case) to determine the number of arms needed for each
product. Round up the result to the nearest whole number to account for practical considerations.

6) Evaluate Existing Stock Area Capacity: Assess the capacity of the existing intermediate



stock area, considering the number of available suspension arms (28 in this case). Determine if the
current capacity is sufficient to accommodate the space requirements of all products. If not,
consider the need for additional intermediate stock areas or optimization of space utilization.

4.1 Determine Customer Demand and Cable Types

The customer’s total demand is 500 for one day. The customer demands 4 different products to
consist of different cables according to his needs. In the company, K, L, M and N etc. many cables
are produced and included in the process flow (in Table 1 and Table 2). The length of these cables
are able not to cut shorter than 550 mm during the cutting process in order not to cause quality
problems during the pre-assembly stage. Cables produced in certain cross-sections and certain pipe
diameters according to the areas of use. Cable usage amounts vary according to the determined lot
quantities and forecost (customer demand). The number of turns of the cable depends on the length
of the cable, the longer it is cut, the number of turns will increase in direct proportion. The number
of lots of the cable; cable cross-section varies depending on the terminal type and pipe diameter.
When the space is insufficient, a new area will be determined for the need for spare suspension arm
and the cost will be incurred. Considering the situation where the demand is certain, the amount of
hanger to be used should be found by using the cable variables.

Table 1: Cable Variable Specifications

Assigned Lot | Cables Cable Cable cross- | Turns Number | Cable
Variables Types Quantities sections Cables Lengths
X1 Cable K 50 0,35 1 1160mm
X2 Cable L 20 0,50 S 4260mm
X3 Cable M 25 0,75 1 865mm
X4 Cable N S0 1 4 3277mm

Table 2: Customer Demand Rates

Products A B C D E
% %10 %20 %30 %20 %20
X1 1 1 1 1 -
X2 1 1 - 1 1
X3 - 1 1 1 1
X4 1 - 1 1 1

4.2 Establish Mathematical Models

We need to solve the problem in 2 stages. As the first step, the mathematical model will be
formulated using operations research techniques. The purpose of creating a mathematical model is
to determine the products demanded by the customer according to the cable types, taking into
account the maximum quantities that each suspension arm can take, and to show how many
suspension arms we need to hang these cables (in Figure 1). As the second step, it is desired to
reach the solution of mathematical models with the linear programming method. In order for the
linear programming solution to give optimum results, the LINDO program will be used. In the
program, the number of cables requested by the customer will be found according to the cable types
by using the mathematical models we have established.

There are cable specifications used by the company in the cable cutting phase, which are
determined according to the quality standards of each customer. At this stage, the minimum number
of cables to be obtained according to the cable cut lengths determined according to the company's
own quality standards is determined as the restrictions. According to the specified lengths of each
cable, the minimum number of cables to be removed from the problem has been determined as
constraints. (See Table 3 and Table 4)



Figure 1: Intermediate Stock Hanger Area
Table 3: Cable Constraints:

X1 X2 X3 X4
550mm / 1160mm =047 X1 =047 550mm / 4260mm = 0.13 X2>=0.13 550mm / 865mm = 0.64 X3>=0.64 550mm / 3277mm = 0.17 X4==0.17

Table 4. Mathematical model for each cable type

For product A For product B For product C For product D For product E
Tid=1(t Xi) == 50 Fi4=1{t Xi) <= 100 Fid=1(t Xi) == 130 Fid=1(t Xi) == 100 Yid=1(t Xi) == 100
o = 50 +20200+50x, oz = 502 +20,+2 535 Loz = 503 +25x:+50x, Foma= 500 +20x:+2 5x:+ 50, oz = 20x0+2535+50x,

The right-hand side values of the constraints obtained by multiplying the minimum number of
cables required by the total demand. More than the specified quantities able not be produce due to
the minimum or no stock in the lean thinking system.

4.3 Solve the Models

Utilize optimization software such as LINDO to solve the mathematical models and determine
the optimal allocation of cables for each product. The solution will provide the quantities of each
cable type required for production (in Table 5).

4.4 Calculate Space Requirement

In accordance with the lean thinking principle, the company aims to start the processes where the
product will operate with zero error, minimum stock and maximum efficiency before it reaches the
customer. For this, it determines the intermediate stock status based on customer demand. There is
an obligation to keep stock for 2.5 days in the intermediate stock hanger. In line with the demand
determined by the customer, the suspension arms should be sufficient for the 2.5-day stock
requirement. The cables to be used for the products requested by the customer, the variables
assigned to the cables, the lot number of the cables, their cross-sections, the number of turns and
their lengths are shown in the table below. The thickness of the cables on the hanger length (1 arm
length 40 cm) determines the cross-sections of the cables when they are wrapped and hung on the
hanger. With the help of mathematical models, it will be determined how much of which cable will
be produced according to the cable types to be used. The cable sections determined according to the
lengths of the cables determine how much space the cable will occupy on the suspension arm. Our
hanger arm requirement will be determined according to all the cables that need to be produced and
the quantity that should be in stock. If needed, a new intermediate stock hanger area will be created.
The customer's total demand for 1 day is 500. The customer requests 4 different products to consist
of different cables according to his needs. 4 different products, the desired ratios of the products in
demand (with percentiles), the cables that should be included in the products are as shown in the
table.



Table 5: LINDO Solution for Product A
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4.5 Determine the Number of Suspension Arms

When all lengths are collected, 360.95 cm free space is needed on the hanger arm. As the
company follows a 2.5 day stock keeping policy on the hanger arm, the required empty hanger arm
has increased to 902,375 cm. For the customer's request of 500 br, the number of suspension arms
that the company has to allocate is 23.

4.6 Evaluate Existing Stock Area Capacity

Since the number of hanger arms in the intermediate stock area is 28, the company can meet the
need value found. However, if another product needs to be kept in stock on the same arm, the
company should order a hanger arm and expand the intermediate stock area.

5. Conclusion

The implementation of lean manufacturing techniques for process improvement in the cable
company through a comprehensive approach has proven to be highly beneficial. By embracing lean
principles, adopting appropriate techniques, and fostering a culture of continuous improvement, the
cable company was able to achieve significant results and gain a competitive edge in the industry.

Through the comprehensive approach, the cable company successfully identified and addressed
various forms of waste, including overproduction, excess inventory, waiting time, defects, and
unnecessary motion. This waste reduction resulted in improved operational efficiency, streamlined
processes, and cost savings. The implementation of lean practices led to reduced cycle times,
shorter lead times, and increased throughput, enabling the company to respond more effectively to
customer demands and market fluctuations.

Furthermore, the cable company experienced enhanced product quality through the application
of standardized work procedures, improved training, and quality control measures. This quality
improvement contributed to higher customer satisfaction, reduced rework, and improved product
reliability.

The comprehensive approach to lean implementation also emphasized the importance of
employee engagement and empowerment. By involving employees at all levels of the organization,
providing training, and fostering a culture of continuous improvement, the cable company benefited
from increased employee morale, motivation, and ownership of the lean transformation process.
Employees actively contributed improvement ideas, participated in Kaizen events, and played a key



role in sustaining the lean practices.
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