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Abstract— Lean manufacturing in this project is used to 

remove no value added activities as much as possible so to 

improve quality, manufacture low cost with good quality 

components and also to reduce overall cycle time and 

change over time reduction of pipe bending process. Lean 

manufacturing is used as an objective technique that cause 

work tasks in a manufacturing process to be performed with 

a minimum of non-value adding activities. It has been 

rapidly adopted as a potential solution for many 

organizations, mainly within the automotive, aerospace and 

business related companies or industries.  This work 

explains the implementation of lean principles in above said 

companies with a focus on the pipe bending assembly line. 

The main objective of lean principles is to develop several 

strategies to eliminate waste on the shop floor or sub 

assembly line of company. This paper mainly focuses or 

describes on how the value map streaming(VSM) and the 

other lean tool kaizen can be used appropriately to find the 

current state of value stream map of production line and 

planning & designing a desired future value map streaming 

with the continues improvement of process. 
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I. INTRODUCTION 

Lean manufacturing is one of the first and foremost 

methodology that many major business companies have 

been trying to use and adopt to remain competitive and 

trying get success in quality in an increasingly global market 

world. The main approach of the businesses on cost 

reduction with good quality by elimination of non-value 

added activities. Initially started from Toyota Production 

System, many of the lean tools and Techniques of lean 

manufacturing have been widely used in the discrete 

manufacturing companies. Sectors and companies including 

automotive, white goods, and consumer products 

manufacturing companies have been applied the lean tools. 

In order to achieve the improved market share of 

company and compete with their competitors and global 

counterparts, automotive consumer component 

manufacturing companies or industries in India are 

necessarily need to improve their productivity while 

maintaining low cost and world class quality products. 

However it has been strongly believe that the unnecessary 

investment in the company (Capital investment) is not going 

to solve entire problem; rather than this will turn out to be a 

long term waste. So in this direction, the implementation of 

lean principles is highly involved and recommended, in 

order to fetch and identify areas which generating waste; so 

that it further facilitates the optimization of the operating 

condition and with the minimal investments in industries. So 

this paper represents a case study of a large scale automotive 

consumer manufacturing industry which needs to improve 

their productivity and quality review in one of their pipe 

bending sub-assembly line. The work mainly focuses on the 

implementation of lean principles and lean tools and 

develops different strategies to eliminate the wastes. 

 
Fig. 1: Typical products handled by the line 

Sl. No. Description Data 

1. Nature of Production system Batch production 

2. Set-up time  

 Heating 30 min 

 squeezing 45 min 

 Bending 50 min 

3. Transfer of material Manual 

4. Mean time between failure 6 days 

5. Total ma power 18 per day 

6. Work-In-Progress 2200 units 

7. Material travel distance 62 ft. 

8. Number of machines involved 7 

9. Space occupied 899 sq. ft. 

Table 1: Summary of the assembly line characteristics 

Almost all companies’ experiences sever or major 

pressure both from internally and externally, so as to 

improve the productivity and efficiency of the sub-assembly 

line in the shop floor. So in a recent years company has been 

tried several methods with huge capital investment to 

achieve specified productivity but the result achieved were 

not too impressed and significant compared to the 

investment what the company has invested. So the 

management team has decided to implement lean tools and 

principles to achieve the goal. After several brainstorming 

and a detailed study of the shop floor, it was observed that 

the pipe bending assembly line consists various types of 

non-value adding activities as stated below. 

 High lead time: (latency) is the amount of time a 

message takes to traverse a system between the 

initiation and execution of a process and is an 

important of the lean manufacturing. 

 Accumulation of high inventory: Ordering 

unnecessary raw materials without any supply 

demand so it will remain as high inventory which 

increases the warehousing capacity increases the 

high stock. High inventory raises the problems of 

machine failure rates, poor supply quality, variable 
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labour quality, High defect rate and Work quality 

control system.  

 Unnecessary material flow: It is the waste created 

by overproduction of components, company should 

produce required supply and is willing to pay and 

extra production may increases the over stock in 

the company. One piece should produce in a single 

machine. 

 High material travel distance: Machines that are 

producing components should be at a reachable 

distance. All machines should arrange at equal 

distance if they are far then there will increase of 

high material travel distance. 

 Poo Mean-Time-Between-Failure (MTBF): Is the 

time elapsed due to problem or repair of machines 

where time to be taken to improvise that so MTBF 

is time elapsed between machines due to problem 

emerged while manufacturing process. Due to poor 

MTBF change over time will increase and product 

output will be late and automatically decreases the 

company surplus. 

 Under-Utilized man power: Man power in the 

company should be used properly according to the 

required work. In some companies there is no 

implementation of lean principles where there is no 

proper arrangements of workers and not properly 

maintained which increases the unnecessary 

material flow and decreases the productivity. 

So in order to implement the lean principles in the 

companies, a group of team was formed with the people 

who can easily improvise the task given to them from the 

different department in company. All having well 

knowledge of problem solving and fetching information 

from production, scheduling and planning how to solve the 

problems by implementing lean tools and principles. First 

and foremost goal and objective is to develop different type 

of strategies to reduce the level of the non-value adding 

activities present in any form by implementing the various 

lean tools and techniques. So the main tasks which are given 

to the task team are mentioned as follows: 

 Reducing the change over time to 10 minutes. 

 Increase the line assembly productivity by 25%. 

 Reducing the Work in Process (WIP) to 200 units. 

 Improving the material flow. 

II. CHAPTER 4: IMPLEMENTATION AND RESULTS 

One of the main tools Value Stream Mapping (VSM) is 

applied as a method to detect and fetch the main lead 

activities in the company. In order to find out the main non 

value adding activities present in the process are to be 

decided first by constructing the current state value map of 

the company by using value stream mapping software which 

are to be analyzed and helps to construct the future value 

stream mapping by implementing the lean tools and 

removing the waste. 

A. Chapter 4.1: Constructing the current state of value 

stream map using available resources  

By collecting available information from various 

departments will start to construct the current state of value 

stream map by inserting all the information in the VSM 

software. Information which are related to the pipe bending 

assembly line, such as cycle team at each level of work 

station and machine down time for each and every process, 

inventory, change over time, set up time, number of workers 

used in the process and operating hours per day are also 

collected and inserted in the VSM software and documented 

properly for future use. 

Table 2 summarizes and explains the main 

activities associated with the pipe bending assembly line. To 

complete the value stream mapping, a time line which is 

used to calculate total time taken by activities is to be added 

at the bottom of the map recording the total processing time 

i.e. Total time taken to complete the VSM and value added 

time are to be entered properly in the software so as to 

calculate the current VSM. Finally the value stream map for 

the current state is constructed as shown in the fig 2 

Sl.no Activity Description 

1. 

 

Cup Pressing 

GWI 

2. 

 

Tube heating 

process 

3. 

 

Squeezing of 

pipe 

4. 

 

Cup pressing 

GWO 

5. 

 

Tube Bending 

process 

Table 2: Major activities in the tube subassembly line 

III. CHAPTER 5: VALUE STREAM MAPPING (VSM) 

Value stream mapping is a technique which involves in 

flowcharting the steps and procedure, activities, material 

flows, communication, and the other process of elements 

which are involved in the process 

VSM techniques helps in an organization to fetch 

and identify the non-value added activities in a process 

where it is targeted and it helps to bring products throughout 
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the production procedure that uses the same raw material 

and other resources till it reach in the customer hand which 

helps to improve the quality. 

A. Procedure to Draw Value Stream Map (VSM) 

This is one of the lean manufacturing tool which is come 

from the Toyota production system, called as a “material 

flow and information flow mapping”. This tool uses the 

techniques that are followed by lean manufacturing to 

analyse the process and evaluates production process. So 

this tool mainly used to identify the wastes, demonstrate 

them and tries to decrease them as much as possible and it 

also tries to create the overall flow process in the 

manufacturing process. This can be created roughly using 

paper and pencil this is done by using Microsoft Excel.  

Five basic procedures that are fallowed by VSM 

are 

 Identification of the product. 

 Creating the current state of VSM. 

 Evaluating and tracing current map, problem area 

identification.  

 Creating VSM for future state. 

 Final plan implementation. 

 
Fig. 2: shows the current state value stream map 

From the above value stream mapping which is 

constructed by adding all relative information collected from 

the sub assembly line of pipe bending process in to the VSM 

software so to find out the non-value adding activities in the 

process and helps in constructing the future value stream 

map, so from above figure it is found that only 101 seconds 

of non-value added activities were there in the process. The 

below given are sub-sections describe a planned and 

integrated approach in order to reduce the non-value added 

activities. 

B. Reducing Change-Over Time 

After collecting all the information and detailed procedure, 

complete study and analysis of the standard work procedure 

and by all through investigation on the pipe bending 

assembly line and using the Value Stream Map figure it was 

found that the change over time contributes significantly to 

the total processing time by analyzing fig 3 . So it is clearly 

mention that as much as we reduce the total processing time 

of the process is automatically decreases the change over 

time which is directly depends on the total processing time. 

Reducing the change over time in any manufacturing 

process or system is a continuous improvement process. The 

methodology used and adopted for reducing the change over 

time reduction is shows in the fig 4 

 
Fig. 3: shows Change-over time analysis 

Process Time Taken 

Bending 2815 sec 

Squeezing 2600 sec 

Heating 1800 sec 

By above changer over time analysis we can 

conclude that change over time for bending process greater 

than all other process. So our main objective is to reduce the 

time for this process which decreases the total processing 

time. So in above graph all the process taken are inserted in 

x-direction and calculated time added in the y-direction 

graph is plotted as given above. 

 
Fig. 4: Classification 

C. Methodology Adopted for Change-Over Time Reduction 

Above figure is used as a methodology for change over time 

reduction i, e for change over time reduction during 

bending, heating and during squeezing set-up time 

reduction. Further bending process will undergo for time 

study analysis to find out total activity time including value 

added and non-value added activities. 

1) Chapter 4.3.1: Tube bending process – Time study 

analysis 

As the number of elements associated with the change over 

time are identified and some different methods and 

strategies are implemented so as to reduce the change over 

time. The standard work elements and standard work time is 

measured and note down the readings and documented them 

hen classified as internal and external process as shown in 

the table 3. In order to reduce the total change over time, 

different strategies are adopted such as data documentation, 

method and time study analysis, review of standard work 

procedure and continuous monitoring are the such strategies 

are used to reduce the total change over time. Figure 5 

explains the results of time study for change over time 

reduction during bending process. 
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D. Time Study Summary 

 

 
Fig. 5: Graphs 

In below table we classified all standard work 

elements which are present in the pipe bending process as a 

non-value added and value added activities including their 

duration of time spent in the process 

 
Table 3: Standard Work Elements Classification 

 Through conducting brain storming among the 

employees of company , we got a detailed list of non-value 

adding and value added activities are identified and sorted 

separately .value added activities which helps in continuous 

improvement of process are to be listed separately and 

duration of time is to be calculated so as to minimize total 

processing time. The Pareto chart of non-value adding 

activities along with their duration of time taken is shown in 

the figure6 and table 4 listed the improvement activities 

which help in surplus and standardization of company which 

are identified by the brainstorming process. 

 
Table 4: Improvements activities to eliminate NVA 

 
Fig. 4: Pareto chart showing NVA along with their 

processing time 

IV. KAIZEN  

The kaizen process is shown in the above flow chart. Its 

main aim is keeping the change-over time during bending 

process. Following are the some of the steps to be followed 

in order to achieve the above mentioned aim. 

1) Step 1: Form the team and gather information.  

This is the first and foremost step in kaizen procedure. In 

this step, the main fact of the process and direction and way 

for improvement are examined and throughout the process 

information is gathered from the examination. This 

information will be used in next step. 

2) Step 2: Description of the kaizen process 

by using the kaizen methodology, the team will select some 

of important points and aspects of the process that are most 

in needed for improvement. In this step main method used 

by the kaizen team is full description of the process i, e what 

are the raw materials and process is used throughout the 

project are listed and discussed within the team. 

3) Step 3: Decide goal of the team 

After gathering all the detailed information about current 

process, kaizen team will identifies the final aim, which took 

into consideration through the direction of management and 

based this direction team leader will decide to follow the 

particular methods to achieve the aim. In this case the team 

will also decides for improving the method of bending 

process. This improvement was expected to 50% or greater 

than this setup time of the pipe bending process. This 

reduction in time in turn expected to reduce the overall 

change-over time and also expected to reduce the manual 

effort. 

4) Step 4: some of the other alternative methods used 

 Standardization of height blocks 

 Adjustable socket locator 

By following this kaizen methodology, the team developed 

many ideas to improve the efficiency of bending process. 

The below figures shows such alternative methods 
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5) Step 5: Evaluate and select the best solution 

By evaluating all the above steps the kaizen team will 

decide to list out some important solutions which will 

benefit for overall process. The best among the solutions are 

selected to improve the tube bending process took into 

consideration the directions of the   management. 

6) Step 6: Simulation and evaluation 

To consider the possibility of implementing the methods 

which are evaluated and selected best solutions among the 

various solutions, to achieve best process and methods 

simulation was done. The kaizen team decides the best 

possible method to reduce    the overall change over time 

with reduced manual effort. To do this simulation the team 

uses best among the simulation method Arena, one of the 

most powerful simulators among all the simulators with 

animated functions and it is very easy to use interface. By 

using this powerful Arena simulator, by this simulator will 

get the best result i,e overall change over time reduction 

during bending process has been reduced from 2815 secs  to 

755 secs  which results in 73% of  reduction from the what 

we have actual thing. 

7) Step 7: Accomplishments that we get by this full kaizen 

process 

The kaizen team also developed some new improved off-set 

checking methods for the pipes and tubes as shown in below 

figure. By this offset checking methods kaizen team came to 

know that more than 70% change over time is reduced. And 

manual efforts also reduced through fixing them. 

 
Fig. 7: Flow Chart of Kaizen Procedure 

 
Fig. 8: Kaizen 1: Standardization of height blocks 

 
Fig. 9: Kaizen 2: Adjustable socket locator 

 
(a) Before Kaizen (b) After Kaizen 

Fig. 10: Kaizen Accomplishment: New improved tube off-

set checking method 

 
Table 5: Improvements after new off-set checking method 

B. Other Improvements through Lean Principles 

The summary of other improvements and financial benefits 

obtained after implementing lean principles in the 

manufacturing shop floor is given in the Table 6. 



Increasing Productivity Efficiency by Reducing Change over Time and Overall Cycle by using Lean Tools 

 (IJSRD/Vol. 3/Issue 07/2015/134) 

 

 All rights reserved by www.ijsrd.com 568 

 
Table 6: Summary of other improvements and benefits 

V. CONCLUDING REMARKS 

Due to increased customer expectations and severe global 

competition, the automotive component manufacturing 

companies are desperately trying to improve productivity at 

lower cost and still retain excellent product and service 

quality. Under these circumstances, the implementation of 

lean principles improves the production environment with 

moderate investment. This case study carries evidence of 

genuine advantages when applying lean principles to the 

manufacturing shop floor. Furthermore, the benefits of lean 

are evident from the improved production output. 
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