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ABSTRACT 

 

Lean manufacturing refers to a manufacturing improvement process based on the 

fundamental goal of Toyota production system (TPS) in order to minimize or eliminate waste 

while maximizing production flow (Tapping, 2002). Many manufacturing organizations realize 

the importance of practicing lean techniques. However, few organizations apply lean techniques 

with the necessary knowledge and proven tools to achieve it. 

       A value stream includes all the operations and processes to transform raw materials into 

finished goods or services, including non-value adding activities. Value stream management is a 

management tool for planning a production process involving lean initiatives through systematic 

data capture and analysis (Tapping, 2002). It is a proven process for planning the improvements 

that will allow companies to develop lean practices. 

 

The purpose of this study is to develop a value stream map for a manufacturing company 

in Manesar. This particular tool allows the company to document current lead time, inventory 

Levels and cycle times to determine the ratio of value added to total lead time of the product line 

being analysed. The first step will be to create a current state map to make a picture of the 

production flow and understand the company’s current cycle times, process communications, 

and machine equipment capacity. This provides the information needed to produce a future state 

map by creating a vision of an ideal value flow, although that will not be done in this study. The 

goal is to identify and eliminate the waste, which is any activity that does not add value to the 

final product, in the production process. 
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In order to collect the information needed to complete the project, the researcher will 

work within the production facility. This will enable the researcher to have first-hand knowledge 

of the production flow and to be familiar with the activities being performed at the shop floor. In 

addition, the researcher will observe and collect information related to product families for the 

practical mapping and product/process flow from start to finish, calculating takt time from data 

collected by the host company. The researcher will document cycle times, down times, work-in-

process inventory (WIP), and material and information flow paths. This information will enable 

the researcher to visualize the current state of the process activities by mapping the material and 

information flow and looking for opportunities to eliminate wastes and to improve the process 

flow. Based on all the information gathered, the company will utilize these results as a plan to 

map the future state of other lines and implement lean manufacturing. 
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CHAPTER I 

 

INTRODUCTION 

 

Manufacturing operations are continually striving to increase productivity and output of 

their operations. Their goal is to satisfy the customer with the exact product, quality, quantity, 

and price in the shortest amount of time. 

Lean manufacturing is more than a cost reduction program or a problem solving approach 

(Tapping, 2002). The main idea is that an efficient production can be achieved by a 

comprehensive approach to minimize wastes. This means eliminating excess production and 

inventory, redundant movement of material, waiting and delays, over processing, excess worker 

motion, and the need for rework and corrections. 

Part of lean manufacturing is reviewing operations for those components, processes or 

products that add cost rather than value (Tapping, 2002). Each step of the manufacturing process 

is monitored to determine if it adds value to the product. If it does not add value, the process 

could be delegated to a subcontractor or outsourcing company in order to focus the staff on 

value-added operations of its core business. 

 

A value stream is the set of processes required to transform raw materials into finished 

goods that customers value (Womack & Jones, 1996). In this study, a value stream map will be 

developed for a manufacturing company in Manesar. Creating a value stream map will allow the 

company to document current production lead time, inventory levels, and cycle times in order to 

determine the ratio of value-added to total lead time of the product family being analyzed, 

creating a vision of an ideal value flow. The goal is to identify and eliminate the wastes in the 

production process. The company will use these results in order to map the future state and 

implement lean manufacturing. 
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Statement of the Problem 

 

 

The purpose of this study is to develop a value stream map for Mindarika Pvt. Ltd. a 

manufacturing company in Manesar, Gurgaon and identify wastes and make recommendations 

for improvement. It is hoped that the company uses the value stream map for the future 

implementation of lean manufacturing, in order to increase productivity and improve the quality 

of goods produced by the company, while at the same time reducing costs, total lead time, 

human effort, and inventory levels. 

 

Research Objectives 

 

2. Work within the production facility to have a first-hand knowledge of the 

production flow and to be familiar with the activities being performed in the shop 

floor. 

3. Select which value stream to target for the practical mapping. 

 

4. Observe and collect information related to product/process flow from raw material to 

finished goods for the value stream selected. 

 

5. Determine the current state of the process activities by mapping the material and 

the information flow. 

6. Calculate lean metrics from the value stream map. 

 

7. Look at the current state map for opportunities to eliminate wastes and improve the 

process flow. 

 

Importance of the Study 

 

The value stream map that will result from this study could reduce costs, improve lead 

time, increase productivity, and improve quality of the products produced by Mindarika in 

Manesar. The impact of not doing the study could be inefficiency and working with an excess 
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amount of work-in-process inventory which will result in delays on delivery orders, higher 

operating cost, loss of customers, and less sales revenue. 

 

Limitations of the study 

The limitations of the project were that 

 

1. The results of this study are limited to Mindarika manufacturing company. 

 

2. The company defined the value stream to be targeted for improvements. 

 

3. The results will be based on data collected from the production activities performed 

along the value stream selected. 

4. The study includes only the development of the current state map for a value 

stream selected and recommends ways to improve the process. 

5. The development of the future state map will not be included in this study. 

 

6. The study does not explain how to implement lean manufacturing. 

 

Assumptions of the Study 

 

It is assumed that by designing a map of the present state of the value stream selected 

with the necessary technical information and references to develop a future state map, 

Mindarika company in Manesar will have the capacity to develop a future map in an effective 

way to implement lean manufacturing, in order to increase the productivity and output, as well 

as to reduce costs, inventory, and time. It is also assumed that all of the work centers involved 

in the study were working only with the selected value stream. 
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Definition of Terms 

 

Available Production Time: Determined by taking the shift time and subtracting regular planned 

downtime events such as breaks. 

Available Operating Time: Determined by taking the available production time and 

subtracting changeover time. 

Batch Size: A technique used to run a determined quantity of parts at one operation prior 

to moving them to the next operations. 

Changeover Time: The time that an operator spends at a work center switching the 

production tools in order to change from one product type to another. 

Downtimes: Those are considered break times. Downtimes are regular planned times and usually 

involve unpaid lunch and paid breaks. During a downtime the production does not run. 

Electronic Data Interchangeable: It is a tool that allows companies to process the purchasing 

order electronically. 

Finished Goods: Refers to parts that already have been manufactured and are in the 

completed stage waiting to be shipped to the customer. 

Kaizen: Continual improvement involving everyone within an organization (Ohno, 1998) 

 

Kanban: A tool to achieve just-in-time which consists of a card containing all the information 

required to be done on a product at each stage along its path to completion and which parts are 

needed at subsequent processes (Monden, 1993) 

Lead Time: The time that parts take to be transformed from raw material to finished goods. 

 

Lean Metrics: A list of measurements that will help for tracking progress toward the 

targets selected for improvements. 

Material Requirement Planning: It is a tool that helps manage the production process. Basically, 

it is a plan for the production of the components and purchase of materials needed to make an 

item. 
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Operating cost: It is all the money that the company spends in order to turn inventory into 

finished goods. 

Operators: Involves those individuals that provide the work hand to perform an operation. 

 

Product Family: Refers to all the parts that are produced within the same value stream. All the 

parts for the product family group have common production processes and same pattern 

development. 

Raw Material: Material that has been purchased but not changed in any way. 

 

Value Stream: The set of processes, including value-added and non-value-added activities 

required to transform raw materials into finished goods that customers value (Womack & Jones, 

1996). 

Work-in-Process: Any product in the production process than began as raw material, but is not 

a finished good yet. 
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CHAPTER II 

 

REVIEW OF LITERATURE 

This chapter compiles and organizes information about value streams and lean 

manufacturing that will aid the reader in understanding the specifics of the study. 

Definition of Lean Manufacturing 

 

According to Womack, Jones, and Roos (1990), the term “lean” represents a system that 

utilizes fewer inputs in order to create the same outputs than those created by a traditional mass 

production system, while increasing the range of different finished goods for the end customer. 

The term lean manufacturing is synonymous with different names, such as agile manufacturing, 

just-in-time manufacturing, synchronous manufacturing, world class manufacturing, and 

continuous flow. 

Lean manufacturing is an operational strategy oriented toward achieving the shortest 

possible cycle time by eliminating waste (Liker, 1997). It is derived from the Toyota production 

system and its objective is to increase the value-added work by eliminating wastes and reducing 

unnecessary work. The technique often decreases the time between a customer order and 

shipment, and it is designed to improve profitability, customer satisfaction, throughput time, and 

employee motivation. 

 

The benefits of lean manufacturing generally are lower costs, higher quality, and shorter 

lead times (Liker, 1997). The term lean manufacturing is created to represent less human effort 

in the company, less manufacturing space, less investment in tools, less inventory in progress, 

and less engineering hours to develop a new product in less time. 

 

 

 

 

 

 

 

 

Figure 1 
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Lean Manufacturing Origins 

 

After World War II, Japanese manufacturers were facing the dilemma of insufficiency of 

materials, financial problems, and human resources (Ohno, 1988). The problems that the 

Japanese faced differed from those in America. For many decades America had cut costs by 

using the mass production system while producing fewer types of end items while for the 

Japanese the problem was how to cut costs while producing small numbers of many types of end 

items. 

According to Ohno (1988), 

 

Imitating America is not always bad. We have learned a lot from the U. S. automobile 

empire. America has generated wonderful production management techniques, business 

management techniques such as quality control (QC) total quality control (TQC) and 

industrial engineering (IE) methods. (p. 3) 

In the 1940s a German worker could produce three times as much as a Japanese worker, 

and an American worker could produce three times as much as a German worker (Ohno, 1988). 

Therefore, the ratio of production between American and Japanese work forces was nine to 

one. In order to make a move toward improvement, the Japanese leader Toyoda Kiichiro 

proposed to reduce the gap with America in three years, resulting in the birth of the lean 

manufacturing practices. 

 

The term lean manufacturing was first used to describe the implementation of what is 

now considered to be part of lean manufacturing such as a Kanban or just-in-time (JIT). It began 

as a description of procedures used by the Toyota Motor Corporation from 1950 through the 

1980s (Ohno, 1988). Now lean means much more. The Toyota production system started as part 

of a strategy to survive developed by Taiichi Ohno, presently vice president of the Toyota, in an 
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effort to conserve capital, eliminate waste, reduce inventory, and reduce production times and 

operating expenses while increasing quality and production flexibility at the same time. The 

Toyota production system was proved to be successful and implemented throughout the entire 

company. 

Toyota opened its first major operation in the United States in 1984 through a joint 

venture with General Motors in Fremont, CA (Ohno, 1988). Since then, Toyota has made 

continuous progress adapting its production system to a diverse workforce and a geographically 

spread supplier base. The reputation of the company has grown across the world. While most 

companies have suffered with enormous losses in business cycle decline, Toyota has not lost 

money since 1960. The major contributor to their success has been Toyota production system. 

The Toyota production system has been created on the practice and evolution of one 

very useful technique that reduces cost and time while challenges every activity in the value 

stream (Ohno, 1988). It is applying a methodology known as the “Five whys.” By asking why 

an activity is performed and then asking why after each response, it is frequently possible to get 

to the origin of the problem. Understanding the root cause assists in successful redesign. 

 

Value-Added versus Non-Value-Added Activities 

 

The process of transforming raw material into finished goods is the objective of any 

manufacturing company (Tapping, 2002). The processes that make that transformation possible 

are the result of two different activities: those that add value and those that do not. Value-added 

activities are considered the actions and the process elements that accomplish those 

transformations and add value to the product from the perspective of the customer (e. g., 

curling, stamping, soldering, functional testing, etc.). Non-value-added activities are the 

process elements that do 
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not add value to the product from the perspective of the customer such as setting up, waiting for 

materials, and moving materials. 

In the past companies have been focused on the value-added steps (Corner, 2001). The 

goal was to reduce the value-added component of lead time and not pay too much attention to the 

non-value-added activities. Today, lean manufacturing strives to improve as much as possible the 

value-added component of lead time, but focus first on reducing the non-value-added component 

of lead time. 

Five Primary Elements for Lean Manufacturing 

 

The five primary elements to consider when implementing lean manufacturing are 

manufacturing flow, organization, process control, metrics, and logistics (Feld, 2000). These 

elements represent the variety of aspects needed to sustain a successful lean manufacturing 

implementation program. Manufacturing flow addresses physical changes and design standards. 

Organization identifies people’s roles/functions, training in new ways of working, and 

communication. Process control is directed at monitoring, controlling, stabilizing, and pursuing 

ways to improve the process. Metrics addresses visible results-based performance measures, 

targeted improvement, and team rewards/recognition. Logistics provide the definition for 

operating rules and mechanisms for planning and controlling the flow of material. 

 

Issues in Lean Manufacturing 

 

Lean manufacturing is in direct opposition with traditional manufacturing approaches 

characterized by use of economic order quantities, high capacity utilization, and high inventory 

(Feld, 2000). In changing from a traditional environment to one of lean production, cultural issues 

will emerge quickly, as well as resistance to change. Implementing lean manufacturing techniques 

will change the organizational culture because everyone needs to be more involved 
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and accountable and people may be laid off. A fast managing change program is needed to 

accompany the effort. A slow approach generally does not work or achieve significant results. 

Lean manufacturing is not a magical solution (Feld, 2000). It involves a change in 

leadership that requires considerable communication, coordination, and organization which 

results in a change in the company’s culture. Just implementing one lean technique such as a 

Kanban system will not result in lean implementation. Positive employee reaction to lean 

manufacturing is essential to success, but does not always occur since becoming lean improves 

productivity and can reduce the number of workers needed. Laying people off and asking the 

remaining employees to become more involved may not work. 

Feld (2000) stated that in order to create a lean manufacturing environment, the 

organization needs to be aware of where it is at that point. They must know why they need to 

change and why change is important. It is necessary to provide the answers to these questions to 

employees so they become more engaged in the process. “Motivation, tenacity, leadership, and 

direction all play roles in the successful deployment of a lean program” (p. 7). Feld also stated 

that roles within the team and the way in which team members interact with one another are 

important. All members must understand their roles and why they were selected for their 

assignment. 

 

Types of Wastes 

 

According to Tapping (2002) “the ultimate lean target is the total elimination of waste. 

Waste, or muda, is anything that adds cost to the product without adding value” (p. 41). 

Wastes can be classified into seven categories (Tapping, 2002): 

 

1. Waste of overproducing: Producing components that are neither intended for 

stock nor planned for sale immediately. 
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2. Waste of waiting: Refers to the idle time between operations. 

 

3. Waste of transport: Moving material more than necessary. 

 

4. Waste of processing: Doing more to the product than necessary and the customer 

is willing to pay. 

5. Waste of inventory: Excess of stock from raw materials to finished goods. 

 

6. Waste of motion: Any motion that is not necessary to the completion of an operation. 

 

7. Waste of defects and spoilage: Defective parts that are produced and need to be 

reworked. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 
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Stages of Lean Application 

 

 

Demand Stage 

 

This stage refers to understanding the customer demand and incorporating it into the 

lean process (Tapping, 2002). It involves knowing exactly the number of parts or products that 

the company needs to produce each day. There is an important concept called Takt time that can 

be used to define the customer demand. The word “Takt” comes from the German word 

“rhythm,” therefore Takt time determines the rhythm necessary to maintain customer demand. 

Takt time is calculated based in the following formula: 

 

Takt Time (TT) = Available production time 

Total daily quantity required 

Flow Stage 

 

In order to meet customer demand the company needs to implement a flow 

manufacturing of production to ensure that the customer will receive the right products on time 

and the right amount (Tapping, 2002). 

 

Leveling Stage 

 

The leveling stage refers to leveling production; it means to spread the work required 

to achieve customer demand over a shift or a day (Tapping, 2002). 

Lean Manufacturing Tools and Techniques 

 

Once the companies find the main sources of wastes, tools such as just-in-time, Kanban 

systems, production smoothing method, work cells, autonomation, Kaizen, and others will 

help companies to take corrective actions to eliminate or reduce these wastes (Monden, 1993). 

Following is a compilation of information regarding to those tools. 
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Just-in-Time 

 

Just-in-time means that each process receives the right parts needed at the time they are 

needed and in the amount they are needed to produce an order from a customer with the highest 

quality (Ohno, 1988). Just-in-time is an important concept in the Toyota production system. 

Just-in-time allows companies to eliminate wastes such as work-in-process inventory, 

defects, and poor delivery of parts (Nahmias, 1997). It is a critical tool to manage activities 

such as distribution and purchasing, and can be classified into three categories: just-in-time 

production, just-in-time distribution and just-in-time purchasing. 

 

Henry Ford (1922) found that it was only worth while to buy materials for immediate use, 

taking into account the state of transportation at the time. If there were never any problems with 

transportation and an even flow of materials could be depended upon, it would not be necessary 

to carry any stock because raw materials could go immediately into production, decreasing the 

amount of money tied up in materials. When transportation can not be depended upon, a larger 

stock is necessary. 
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Kanban Systems 

 

A Kanban is a tool to achieve just-in-time (Monden, 1993). It consists of a card containing all 

the information that is required to be done on a product at each stage along its path to completion and 

which parts are needed at subsequent processes. This card is usually put in a rectangular vinyl 

envelope and is used to control work-in-process, production, and inventory flow. A Kanban system 

consists of a set of these cards, with one being allocated for each part being manufactured and the 

travel between preceding and subsequent processes. The Kanban system was developed by Toyota to 

achieve objectives such as reducing costs by eliminating wastes; creating work places that can 

respond to changes quickly; facilitating the methods of achieving and assuring quality control; 

designing a work environment that takes into account human dignity, mutual trust, and support; and 

allowing workers to reach their maximum potential. A Kanban system allows a company to achieve 

just-in-time production and ordering systems, which allow them to minimize their inventories while 

still satisfying customer demands. 

 

Lower production times and work-in-process have lead to the idea of incorporating 

Kanban systems in manufacturing industries (Monden, 1993). These systems are most 

commonly used to implement the pull type control in production systems which mean reducing 

costs by minimizing the work-in-process inventory, allowing an organization the ability to adapt 

to changes in demand, and therefore develop faster production. A pull type production line is a 

sequence of production stages performing various process steps on parts where each stage 

consists of several workstations in cycle. Parts are pulled between the production stages in 

accordance with the rate at which parts are being consumed by the down stream stages. 

Descriptions of the types of Kanbans most often used today follow. 



25 

 

 

Withdrawal Kanban. The main function of a withdrawal Kanban is to pass the 

authorization for the movement of parts from one stage to another (Monden, 1993). The Kanban 

in Figure 3 shows that the subsequent process (machining) requests the parts from the preceding 

process (forging). The part, which is a drive pinion, must be made at the forging process and 

picked up for the subsequent process at the position B-2 of the forging department. The box has 

shape type B and each of them contain 20 units of the part needed. This Kanban is the fourth of 

eight sheets issued. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Withdrawal Kanban. 

 

 

Production ordering Kanban. The primary function of the production Kanban or in-

progress Kanban is to specify the kind and quantity of product that the preceding process must 

produce (Monden, 1993). The Kanban in Figure 4 shows that the preceding machining process 

SB-8 must produce an item called craft shaft for a car type SX50BC-150 and the part must be 

placed at store F26-18. 
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Figure 4. Production ordering Kanban. 

 

 

Signal Kanban. A signal Kanban is tagged into a box within the production lot (or batch) 

and is used to specify lot production in the stamping processes. Two types of signal Kanbans are 

used (Monden, 1993): 

 

1. Triangular Kanban: The triangular shaped Kanban in Figure 5 shows that an order 

from punch press process # 10 is required when the lot size is down to 200. It is 

placed on pallet 2 of 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Triangular Kanban. 
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2. Material requisition Kanban: The rectangular shaped Kanban in Figure 6 shows that 

the press process # 10 must go to the store 25 to withdraw 500 units of steel board, 

when the left doors are withdrawn down by two boxes. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Material requisition Kanban. 

 

 

Production Smoothing Method 

 

“Heijunka” is the Japanese word for production smoothing (Tapping, 2002). It is a 

method for planning and leveling customer demand by volume and variety, while keeping the 

level of production as constant as possible over a specific time period. 

Production smoothing is very important state when implementing a Kanban system and 

reducing idle time regarding labor, equipment, and work-in-process inventory (Monden, 1993). 

It is the basis of the Toyota production system. 

 

Standardization of Operations 

 

Standardization of worker actions is an important principle in eliminating wastes (Ohno, 

1988). It refers to organizing the job and performing it in the most effective way. In a 

standardized workplace every worker follows the same steps within the production process. The 

Toyota production system includes in its standard operations three elements: 
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1. Cycle time: The time necessary to produce one piece or unit. 

 

2. Standard operation routine: The order of operations in which workers process a 

product. 

3. Standard inventory: The minimum amount of work-in-process inventory necessary 

to process a product. 

 

Autonomation 

 

Autonomation is known as “Jidoka” or “automation with a human touch” (Levinson & 

Rerick, 2002). It is another aspect of the Toyota production system and was developed by 

Sakichi Toyoda, the founder of Toyota Motor Company, in an effort for create a machine that 

stopped automatically if any problem occurred. It exists in a machine automated with an 

automatic stopping device attached, which makes it possible for machines to prevent problems, 

such as smalls abnormalities, by itself over simple automation. The goal of autonomation is zero 

defects, in order to eliminate the risk of a defective product that could be received by a 

customer. An autonomated machine can then distinguish between a normal and abnormal 

operation, and also does not need continuous operator consideration. 

 

Using autonomation, Toyota factories can detects the mass production of defects and 

check and correct machine breakdowns automatically (Monden, 1993). One mechanism used 

by Toyota to prevent defective work is called “foolproof,” “Baka-Yoke,” or “Poka-Yoke.” It 

works by putting various checking devices on the implements or instruments in the process. 

Poka-Yoke was developed by Shigeo Shingo after World War II (Feld, 2000). It was 

designed to focus on the pursuit of quality at the source and to capture a response on defects in 

order to determine a possible root cause. The tools to implement Poka-Yoke could be physical, 
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mechanical, or electrical. They could also be as simple as a checklist for an operator to ensure 

that all the activities in a determined process are covered. 

An autonomated workstation can announce problems using a visual or auditory signal 

which cues the operator to fix and restart it (Levinson & Rerick, 2002). Also, the operator must 

check if this problem is a persistent problem that people must continue to correct. 

The five types of visual control systems that are frequently used are call lights and an 

Andon board; standard operations sheets; Kanban tickets; digital display panels; and store and 

stock indicator plates (Monden, 1993). 

Call lights are used to call for a supervisor or general workers for different types of 

assistance (Monden, 1993). There are different colors of lights, each of which have a different 

meaning and give a different instruction. Andon boards are used to show when an operator 

stopped the production line. The Andon board has five colors with the following meanings: red 

(machine trouble), white (end of production), green (short of materials), blue (defective unit), 

and yellow (machine setup). 

 

As previously mentioned, standard operations are used to eliminate unnecessary 

inventory and workers and to eliminate accidents and defective production (Monden, 1993). 

Standard operations sheets consist of three elements: cycle time, a standard operation routine, 

and a standard amount of work-in-process. They are used with other kinds of visual control. 

 

Kanban tickets serve as a visual signal to control abnormalities in production (Monden, 

1993). The absence of a Kanban ticket on a container can work as a signal that a problem exists. 

Also, a Kanban ticket can determine whether working overtime is necessary or not. 

Digital display panels show the pace of production, the day of production, and the 

number of units that has been produced during the day (Monden, 1993). 
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When a product is in storage an address is indicated both over the storage location and on 

the Kanban in an effort to deliver parts to the correct location. The stock plate indicates the 

quantity on stock, making inventory control easier. 

 

Work Cells 

 

Cellular operations are a new way to organize a plant that arranges machines in order 

of production operations (Levinson & Rerick, 2002). Production in these cells is performed in 

the order in which operations must be completed to produce the end item. When a work cell 

operation completes the shop order then it is moved to the next operation for additional 

processing by hand, forklift, or cart. 

There are four primary characteristics of the modern work cell organization (Najarian, 

 

2000): 

 

1. Product/process family focus: Production is organized by product rather than by 

function with equipment dedicated or partially dedicated to a family of products. 

2. One at a time production: Operations move creating a batch of one piece. In order 

to achieve it, one operation must start just after the part comes out from the 

previous operation. 

3. Flexible output levels: The work cells must be flexible and coordinated with regards 

to customer demand. 

4. Operator multi-tasking: In a work cell workers are performing operations on one part 

and operating numerous similar machines simultaneously. 

Henry Ford (1922) stated that the Ford Motor Company started assembling one car in 

one factory, but as they began to make parts they departmentalized so that each department did 

only one thing. The factory is now organized so each department makes only one part. The part 
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arrives as raw material and goes through the processes necessary to finish it when it will leave 

the department. 

There are a few benefits to using work cells (Najarian, 2000). One is lower total labor cost 

since people are working closer and operating many machines simultaneously, improving the 

efficiency of the work force. Another is reduced material handling which is due to using batches of 

one good at a time. Improved quality is the third benefit of work cells because producing one good 

at a time results in easier detections and corrections of defects through the process. Last, work cells 

reduce work in process because when parts are produced in batches of one good and operations are 

synchronized, work-in-process inventory is reduced dramatically. 

 

Kaizen 

 

Kaizen involves continual improvement involving everyone within an organization 

(Ohno, 1988). Kaizen is a Japanese word meaning gradual and orderly continuous improvement. 

The Kaizen business strategy involves everyone in an organization working together to make 

improvements without large capital investments. Kaizen is a culture of sustained continuous 

improvement focusing on eliminating waste in all systems and processes of an organization. This 

strategy begins and ends with people, and involves leadership that guides people to continuously 

improve their ability to meet expectations of high quality, low cost, and on-time delivery, 

therefore transforming companies into superior global forces. 

 

The most important tool for continuous improvement is the 5S Housekeeping, also 

known as 5S-CANDO, which is a process that includes a set of techniques utilized for cleaning 

and organizing the workplace (Levinson & Rerick, 2002). 5S reduces wastes by eliminating the 

searching for tools because everything is in the right place. Preventive maintenance assures that 

the tools are ready to use, reducing setup time, and the equipments and machines will be running 
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effectively, avoiding unplanned downtime or breakdowns. 5S CANDO comes from the Japanese 

words Seiri (Clearing up), Seiton (Arranging), Seiso (Neatness), Shitsuke (Discipline), and 

Seitketsu (Ongoing improvement). 

Seiri refers to sorting the workplace and eliminating needless items (Feld, 2000). It 

means “throw away” and separates the messes from those items that are needed to work easily 

resulting in a better flow of materials, utilization of space, and organization for operators to 

move. 

Seiton refers to arranging everything within a specific area (Feld, 2000). All items and 

equipment must be identified with a label and organized in a specific place resulting in an easier 

way to recognize and find the proper tooling, resources, and materials quickly. 

Seiso refers to cleaning everything and doing periodic maintenance (Feld, 2000). 

Everything should be cleaned, organized, and well maintained at the end of every shift, including 

the production area, tools, and materials. 

 

Seitketsu deals with the management strategies for institutionalizing the standard 

activities (Feld, 2000). Managers must establish policies and procedures to keep the 

area organized, ordered, and clean. 

Shitsuke refers to the leadership strategy to implement housekeeping involving training, 

communications, and motivation as fundamentals leadership practices in order to ensure that 

everyone follows the 5S standards (Feld, 2000). 
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Definition of Value Stream 

 

A value stream is the set of processes, including value-added and non-value-added 

activities, required to transform raw materials into finished goods that the customers value 

(Womack & Jones, 1996). Value streams bring a specific good or service through three critical 

management tasks: problem solving (figuring out what needs to be changed), information 

management (improving information flow), and physical transformation (implementing 

changes). Tapping (2002) stated that, “There are many value streams within an organization, 

just as there are many rivers flowing into the ocean” . 

The value stream can be defined by the customers, but in some cases companies must 

identify the entire value stream for each product or each product family by themselves (Tapping, 

2002). In order to identify the value stream, product quantity analysis (PQ) is used to determine 

what percentages of part numbers are running in highs volumes. The results of the PQ analysis 

are represented graphically and the 20:80 rules can be applied to separate the most critical items. 

Tapping stated that “20:80 means that the 20% of the products types account for 80% of the 

total quantity of parts produced”. 

Value Stream Management 

 

Value stream management is a management tool for planning, managing, 

implementing, sustaining and linking lean-manufacturing improvements to daily work 

(Tapping, 2002). Value stream management consists of eight steps: committing to lean, 

choosing the value stream, learning about lean, mapping the current state, determining lean 

metrics, mapping the future state, creating Kaizen plans, and implementing Kaizen. 

 

The goal for any manufacturer today is to reduce costs and lead times while maintaining 

the highest quality of its products (Tapping, 2002). In today’s economies the market is very 

competitive and customers often set the prices or they demand price reductions. Under these 

scenarios the only way to stay making money is to eliminate waste from your value stream, 

increasing efficiency and reducing costs. Value stream management is a process that helps 
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organizations systematically identify and eliminate the non-value-added elements from 

the value stream and generate a design and a plan to implement lean manufacturing. 

 

Value Stream Mapping 

 

Value stream mapping is a visual representation of all the specific activities, 

including the flow of material and information, which occurs along the value stream 

selected for a product or family (Tapping, 2002). The value stream mapping process will 

likely reveal that a significant amount of non-value-added activities are present in your 

current processes. These activities consume financial and human resources and make 

longer lead-time without adding value. However, some of these activities are really 

necessary in the process; therefore the idea is to minimize their impact. Figure 8 below 

shows the value stream symbols used to describe each process of manufacturing or 

assembly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Value stream mapping symbols. 
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Tapping (2002) stated the following: 

 

Mapping material and information flow will allow you to visualize the entire 

manufacturing material flow, instead of a single, isolated operation (such as Soldering, 

Riveting or assembly), visualize how operations currently communicate with production 

control and with each other, see problem areas and source of waste, locate bottlenecks 

and WIP, spot potential safety and equipment concerns, provide a common language for 

all manufacturing personnel, and gain insight into how the operation truly is running that 

day. 

There are four steps to value stream mapping (Corner, 2001): 

 

1. Product development: In this step the company must identify customer 

requirements, quantity required daily, method of transportation, etc. 

2. Process design: In this step all the possible information for each process of the 

value stream selected including cycle time, changeovers times, number of operators, 

inventory in process, available time, etc. must be collected 

 

3. Preparation: Record as much information as possible and draw the current state map. 

 

4. Planning: Develop the future state map. 

 

Figure 6 shows an example of a value stream map. 
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Figure 9. Example of a value stream map. 

 

Summary 

 

This chapter identified some concepts regarding lean manufacturing such as its 

background, application, tools, and techniques as well as value streams that are important for 

understanding later parts of this paper 
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CHAPTER III 

 

METHODOLOGY 

 

The procedures for this study have been chosen to meet each of the project objectives. To 

have a first-hand knowledge of the production flow and to be familiar with the activities being 

performed at the floor shop, the researcher went through the facility and identified each 

operation process involved from raw materials to finished goods, identified all the places where 

inventory is stored between the processes, and observed how the material flowed from one 

operation to another. 

 

To select which value stream to target for the practical mapping, the company selected a 

product family group for improvements. All of the parts for the product family group had common 

production processes and the same pattern development. In order to perform this activity, the 

company needed a list of all parts numbers, the quantity ordered over the last year, and all of the 

processes steps they go through. By identifying the part numbers and the processes involved, the 

company used a Pareto diagram to see what products they made the most. Table 1 shows a family 

group of Switches for OEMs which was selected by the company as a model to develop a value 

stream map. Also, refer to Appendix A to see a figure of the switch. 
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Table 1 

 

 

Family of Switches Selected to Develop a Value Stream Map 

 

Processes Description 

  

1260968 Lever Combination Switch 

1260989 Switch 

1261006 Handle Switch 

1261042 Window Switch 

1261082 Lever Combination Switch 

1261182 Window Switch 

1261215 Switch 

1261233 Lever Combination Switch 

1261270 Lever Combination Switch 

  

 

 

 

Once the value stream was selected, the researcher observed and collected data related 

to the flow of information and material from raw material to finished goods. Beginning with the 

information flow, the researcher used the support of the planner to collect information 

concerning the communication with customers and suppliers, the production controls orders and 

forecast from customers, the production controls orders and forecast to suppliers, the frequency 
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of orders released to the production supervisor, and the frequency of orders released to each 

operation within the value stream. 

 

In order to map the current state, the researcher decided to go to the floor to perform a 

four-week experiment in order to collect data, which began with the receiving area and worked 

toward the shipping area. The researcher collected information about material flow, inventory 

between processes, and process attributes including: a) quantity of parts required per month, b) 

quantity of parts shipped per day and per month, c) number of shipping days per month, d) 

supplier delivery schedule, e) regular planned down time, f) available production time, g) 

number of operators per process, h) number of shifts per process,. Also, the researcher collected 

the following individual metrics at each process involved: a) cycle time, b) changeover time per 

shift, and c) available uptime. 

 

Once the data was collected and ordered the researcher calculated daily requirements 

and Takt time, and began to map the current state of the value stream selected. The first step 

was to become familiar with the value streams symbols and then start drawing the map 

following the steps mentioned in Chapter II. 

 

After the current state map was developed, the researcher selected the appropriate metrics 

based on their ability to provide specific measures for a specific operation, as well as a whole 

calculation for the value stream selected. The researcher also determined how to calculate each 

of the metrics selected for the entire value stream. Following is a list of the metrics selected: 

 

1. Total value stream work-in-process inventory: The researcher analysed work-in-

process inventory between each process during switch manufacturing. 
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2. Number of days of work-in-process inventory: This metric was calculated dividing 

the total value stream work-in-process inventory by the daily amount of parts required 

by the customer. 

 

3. Total production cycle time: In order to determine the total cycle time the researcher 

computed the cycle time for each process and then added up the amounts. 

 

4. Total lead time within the value stream selected: To calculate total lead time, the 

researcher turned to the floor shop and tracked a part from the moment which the 

order was released to the time the part was delivered to the customer. 

 

5. Cumulative available uptime: In order to determine the cumulative available uptime, 

the researcher observed the available uptime for each process and then multiplied the 

amounts. Available uptime for each process is determined by dividing actual 

operating time by available production time. Actual operation time for each process is 

determined by subtracting available production time minus changeover time. 

 

The last step was to look at the current state map for opportunities to eliminate waste and 

improve the process flow. The researcher identified as much waste as he could in the value 

stream & improve with team and made suggestions and recommendations to the company to 

improve other lines in future. 
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CHAPTER IV 

 

RESULTS 

 

The purpose of this study was to develop a value stream map for a family of switches, 

for the OEMs in a manufacturing company. This particular tool allows a company to document 

current lead time, inventory levels, and cycle times to determine the ratio of value added to 

total lead time of the family group selected and able to meet the customer increased daily 

demand or supply for switches. 

 

In order to map the current state, the researcher observed and collected information 

about material and information flow paths, process attributes, and work-in-process inventory 

which helped determine metrics for each process and for the entire value stream. Data was 

collected twice a week for one month. This information enabled the researcher to develop the 

value stream map of the process activities and helped to understand the movement of materials 

and information along the value stream selected. The resulting information could be used to 

identify and eliminate waste in the production process and to produce a future state map by 

creating an ideal value flow to achieve customer demand. 

 

Material Flow 

 

The material flow begins at the receiving area as raw material and travels through the 

plant until it reaches the shipping area as finished goods. The operations involved in the 

production process are, in sequential order: a) knob sub assembly, b) Insulator sub assembly, c) 

Main switch assembly for lever combination switch, f) shipping. As soon as the raw material 

arrives, it is moved from the receiving area to the first and second  sub assembly operation. After 

the first and second operation is completed, the parts are moved to the transit stock area where 

they will be stored until needed. Then the parts will be 
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transported to the main assembly where they are assembled  together to create a Switch LCS. 

Once completed and packed, the switches are moved in lots of 50pcs in bins to the shipping area 

where they are inventoried and prepared for transit. 

 

In order to monitor the material flow, the researcher obtained the assistance of the 

company plant engineer in order to a) identify the nine switches in the product family which a 

value stream was to be created for (see table 1, chapter 3), b) determine what parts are used to 

produce each of these switches, c) identify the operations involved in the process (see Appendix 

C), (d) identify the work centers where the different parts are made (see Appendix C), and (e) 

group and classify all the work centers in the soldering, assembly and riveting processes. The 

criteria necessary to be considered a work center include the use of similar machines, being 

located in the same physical location within the plant, and utilizing of the same type of raw 

material and pattern development. 

 

Information Flow 

 

In order to determine the flow of information between suppliers and customers, the 

researcher obtained the assistance of the company planner. The process begins when production 

control receives a 12 month forecast and weekly orders via material requirement planning (MRP) 

systems from customers. Then production control transmits the 12 month forecast and daily 

orders to suppliers. After that, the production control transmits weekly orders to production 

supervisor. The last step in the flow of information is when the production supervisor releases 

daily orders to each operation within the value stream. 
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Process Attributes 

 

The company plant engineer assisted the researcher to collect the following process 

attributes which are important because they are used to calculate metrics for the entire process of 

creating a switch: daily customer requirements, Takt time, and available production time at each 

process. 

• Three supplier delivery shipments per day 

• 26 shipping days per month 

• 16,000 switches produced per month 

• Three to five raw material shipments per day 

• Regular planned down time is one 30 minute lunch per shift and two 10 minute breaks 

per shift 

• Three eight hour shifts for all processes, which operates only one shift. 

 

Daily Customer Requirements 

 

The daily requirements were determined dividing the quantity of switches produced per 

month (16,000) by the number of shipping days per month (26), resulting in 600 switches per 

day. 

 

Takt Time 

The Takt time was determined by dividing the available production time per day (45 

seconds) by the total daily quantity produced (650), resulting in 41.53 seconds. 

 

Availability 

 

The available production time per shift was determined by taking the total available 

production time per shift, which is equal to eight hours, 510 minutes), and subtracting regular 

planned downtimes events per shift (two 10 minute breaks and 30 minute lunch); therefore 

the available production time is 460 minutes per shift. 
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Individual Metrics 

 

The following processes were used to determine individual metrics at each work center from 

soldering to assembly. Appendix I shows all the individual metrics collected and also includes 

work centers, part numbers, and tools used. 

 

Number of Operators 

 

In order to determine the number of operators at each work center, the researcher asked the 

production supervisor and also checked it visually. The operators were counted at each of the 

work centers and those numbers were added together for each process. See below figure  for 

details which shows before and after comparison after improvement through VSM. 

 

                                     Figure 10. Productivity Improvement 
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Cycle Time 

 

The researcher determined cycle time by measuring the time needed to make each of the parts 

involved in the production of the switches. The instrument used to gather it was a manual 

 

timer. The total cycle time within a process was determined by adding together each of 

the individual cycle times involved (see Table 2). 

 

Changeover Time 

 

The total changeover time for each process was calculated by adding together each of the 

individual changeover times involved. The changeover time was determined by manually timing 

how long it takes the operator to setup the work center in order to make a different part. Because 

the setup process includes change of tools, the researcher obtained the assistance of the company 

plant engineer to collect information regarding to each of the tool used at each work center.  

Table 2 
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Work-in-Process (WIP) Inventory 

 

 

The researcher observed that the numbers of parts varied daily due to the demand and the 

availability of the work centers. From receiving to final assembly, the researcher collected 

information at each of the work centers and between each of the processes involved for the 

production of the switches. 

 

 

In order to compare the amounts of WIP inventory throughout the entire value stream 

(from receiving to assembly), the researcher needed a way to translate parts into switches and 

switches into parts. This was determined by averaging the number of parts per switches. The 

researcher determined that there was an average of 19.44 parts per switch, with the numbers of 

parts per switches varying from 18-22.  
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Improvement done to achieve OEM’s demand through Lean Manufacturing using all tools: 
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Metrics for the Entire Value Stream 

 

Once the data was collected, organized, and analyzed the researcher calculated the 

following metrics for the entire value stream:  

 

 

 

 

 

 

 

 

 

 

Figure 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 
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Conclusion 

 

 

The preceding information all led to the result of this project, the value stream map for 

Mindarika company. From the map, the researcher evaluated where waste occurs in the 

process and will be making observations and used it with team to improve and achieve 

customer demand. These are the achieved results(Table:3): 

Table:3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 13. Benefits at a Glance
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CHAPTER V 

 

DISCUSSION 

 

The purpose of this study was to develop a value stream map for a family of switches for 

the OEM’s in a manufacturing company. This particular tool allows a company to document 

current lead time, inventory levels, and cycle times to determine the ratio of value added to total 

lead time of the family group selected. To identify wastes in the process and evaluate areas for 

improvement, the researcher examined the current state map that was produced as a result of the 

study. 

 

Observations 

 

 

Daily Customer Requirements 

 

The daily requirements were determined dividing the quantity of switches produced per 

month (16,000) by the number of shipping days per month (26), resulting in 600 switches per 

day. But customer demand increased and by using Lean manufacturing tools we achieve target 

which was discussed in this report. 

 

Takt Time 

 

The Takt time was determined by dividing the available production time per day (45 

seconds) by the total daily quantity produced (650), resulting in 41.53 seconds. 

 

Availability 

 

The available production time per shift was determined by taking the total available 

production time per shift, which is equal to eight hours, 510 minutes), and subtracting regular 
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planned downtimes events per shift (two 10 minute breaks and 30 minute lunch); therefore 

the available production time is 460 minutes per shift. 
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Recommendations 

 

 

In order to improve the entire production process for the value stream selected, the 

researcher made the following recommendations. 

 

In order to improve the productivity at other lines the researcher suggested the 

application of  following tools: 

Quick changeover/setup reduction techniques. This setup reduction technique is based on the 

principles of the single minute exchange dies (SMED) system to dramatically reduce or 

eliminate changeover time. The systematic process includes analyzing a changeover, 

then applying quick changeover techniques and strategies to reduce the machine and/or line 

 

downtime. Some examples that could be utilized in this situation include 

 

• Utilizing a multi-die function reducing the number of setups per part. 

 

 

• Setting tools close to the work center, reducing the time that the operator spends looking 

for the tools. 

 

• Standardization of the setup operations, so each operator must perform the setup in the 

same way and must run the work center similarly. 

 

• Establishing a standard time to perform a setup. By this approach every operator must 

perform the setup of the work center in the same period of time. 

 

• Because some tools can produce different parts, the company should take advantage of 

that and produce all the parts the tool can produce at once. 

 

In order to improve communications, the researcher suggested the utilization of a visual 

control system, as mentioned in chapter 2. Some of the techniques that could be applied include 

call lights and Andon board lights, standard operations sheets, digital display panels, and a 
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monitor screen and clock at each work center. Call lights and Andon board lights could be used 

to call immediately for a supervisor or general workers for different types of assistance (e.g. 

move material, problem in the line, etc). Standard operations sheets could be used for the first 

line supervisors to eliminate unnecessary inventory and workers and to eliminate accidents and 

defective production. These sheets measure all three elements (cycle time, a standard operation 

routine, and a standard amount of work-in-process) every certain period of time. Digital display 

panels are another recommendation which would normally be used to show the pace of 

production (Takt time), the day of production and the number of units that has been produced 

during the day. This would inform every person at the plant about exactly at what rate they must 

be working in order to satisfy customer demand. Another recommendation is to implement a 

monitor screen at each work center showing the parts’ specifications, a drawing, steps to 

assemble, etc. Last, setting clocks at each work center in order to determine how much time an 

operator is spending to set it up would be beneficial. 

 

In order to reduce waiting time between each operation, the researcher suggested the 

utilization of Kanban systems. As mentioned, a Kanban is a tool to achieve just-in-time. It 

consists of a card containing all the information that is required to be done on a product at each 

stage along its path to completion and which parts are needed at subsequent processes. By the 

utilization of this tool the parts can be moved quickly from one work center to another, 

improving the material flow and reducing the work-in-process between processes. 

 

In order to increase the capacity of the plant without capital investments and also to avoid 

unplanned equipment downtime, the researcher suggested the implementation of total productive 

maintenance (TPM), which is a process to increase the efficiency as well the useful life of the 

equipment involved. One of the key elements of this technique is employee involvement, so each 

operator must take care of the work center he or she operates, maintain it, and report any damage 

as it occurs. 

 

In order to improve the housekeeping the researcher suggested the implementation of 

5S techniques for the workplace standardization and organization, especially at the stamping 

and welding processes. As mentioned, this technique includes the implementation of five steps: 
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remove all unneeded items, create locations for the needed items, keep everything clean after 

utilization, set standards and procedures, and employee involvement. 

 

The goal of this study was to collect necessary information and develop a value stream 

map for a family of switches for OEM’s in a manufacturing company. The value stream map 

served as a tool for the researcher to make observations and recommendations to improve 

processes at the company. It is hoped that the company implements these recommendations and 

improves operations as a result. 
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Appendix A 

 

Details of a Switch 
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Appendix B 

 

Production Capacity Sheet after Improvement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
PXS12052-905 00-01 

003 2700

2
PXS11018-914 00-01 

001 3375

3
PXS11019-907 00-01 

001 2571

4 6000

5 6750

6
PXS11019-029 00-01 

001 2348

7
PXS11019-029 00-01 

001 2000

8
PXS11019-029 00-01 

001 2842

9
PXS11018-031 00-02 

001 1862

10
PXS12052-903 00-01 

000 2000

11
PXS12052-903 00-01 

000 1000

12
PXS12052-903 00-01 

000 3000

13 1800

14 1929

15 #DIV/0!

PRODUCTION CAPACITY SHEET

Part 

Name

S12052

LCS

Manager A.M Part No.

6/15/2009

Sec Sec Sec

10.00

8.00

10.50

4.50

4.00

Production Capacity Sheet Section

2.75

2.50

0.00

0.00

0.00

0.00

DATE

Manual Time Auto Time Completion Time
Process No. Process Name M / C No.

Basic Operation Time

G.L

PLATE BACK SPRING  WITH BRAKET TURN 10.00

Interval Of 

Changes

Required 

Time

Capacity

Tool Changes

Remarks

PLATE BACK ASSY. WITH BRAKET TURN

BRAKET TURN ASSY.-1

8.00

10.50

BRAKET TURN ASSY-2

KNOB LIGHT , BRAKET TURN  ASSY.

4.50

4.00

CASE TURN SIGNAL & DIMMER  CP ASSY.

COVER   TURN ASSY.

11.50

13.50

11.50

13.505.00

COVER , CASE TURN ASSY.

PLATE CAM DIMMER , LIGHT ASSY.

9.50

14.50

0.00 9.50

0.00 14.50

SCREW TIGHTING

AUTO CANCELATION

13.50

4.50

2.50 13.50

22.50 27.00

TIE WRAP CUTTING

COUNTINUTI TESTING

9.00

15.00

0.00 9.00

0.00 15.00

MARKING & PACKING 14.00 0.00 14.00

0 0.00 0.00 0.00

1000 
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Appendix C 

 

                     Sequence of Operations  

 

Model

0

Tact Sign.

45.00 PSS12052 -12 Date

SEQ. NO. SL. NO.
Work 

Type
S12052 0

1 1.5

2 3.5

3 4

4 4.5

5 1

6 2

7 3.5

8 2

9 2.5

10 4.5

11 2

12 1.5

13 2.5

SEQUENCE OPERATION SHEET

KNOB LIGHT LOWER & MIDDLE ASSY.

Sequence DescriptionEIS NO.

PICK ,ASSEMBLE  LIGHT PIECE , SPRING LIGHT PIECE(2 PCS) & ASSEMBLE IT WITH KNOOB 

LIGHT MIDDLE

 DO GREASING ON CAM FOG BY MUSASAI

Manager A.M

PICK & PLACE 2 STEEL BALL ON THE KNOB FOG ASSY.

PICK KNOB LIGHT MIDDLE , VISUAL INSPECTION ,DO GREASING & ASSEMBLE IT WITH KNOB 

FOG SUB ASSY. & PLACE IT ON TABLE

DO GREASING ON KNOB LIGHT MIDDLE AT 3 POINT.

PICK & PLACE LEVER LIGHT ON FIXTURE & PRESS BUTTON

PICK KNOB UPPER & DO GREASING ON IT

PICK ,ASSEMBLE  CAM FOG ,SPRING & ASSEMBLE IT WITH KNOOB LIGHT MIDDLE

SOS No.

KNOB LIGHT LOWER & MIDDLE ASSY.
Model Code 

G.L
Process Name

ASSEMBLE  KNOB FOG SUB ASSY ON THE KNOB LIGHT LOWER ASSY.

PICK & PLACE KNOB LIGHT LOWER ASSY. ON THE LOCATER

PICK KNOB FOG ASSY ,& DO GREASING ON IT BY MUSASI

PICK & ASSEMMBLE 2 SPRING LIGHT PIECE WITH IT

PICK , ASSEMBLE  STOPPER FOG & SPRING COMPRESSION IN HAND  & ASSEMBLE IT WITH 

KNOB FOG SUB ASSY.
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Appendix D 

 

Poka Yoke Implemented 
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