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Abstract: This paper is an effort on effective implementation of Kaizen methodology – a Lean tool with soft 

computing integration in an Electrical Vehicles (EV) manufacturing company located in Coimbatore with a 
focus on process and quality improvement. The primary objective of this work is to understand the distinction 

between value adding and non-value adding activities and further focus on improving the productivity on the 
most problematic work areas by minimising the non-value adding activities. By eliminating several non-value 
added activities at different stages of assembly line, quality and productivity is increased. Also the standard 

operating procedures in stages are suggested. The company is currently facing with the problem of increased 
lead time and high change over time. In order to solve the problem, select Kaizen is applied as a major process 

improvement tool. This implementation is focuses on reducing the change over time between one batch to 
another by mean of which the productivity of organization is improved. This also includes adopting 
appropriate techniques to minimise the cost of poor quality because of the defects in raw material and reworks 

in assembled vehicles. 
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I.INTRODUCTION  

The company is one of the leading electric vehicle 

scooter manufacturers in India and is heading 

towards becoming the leader in EV’s. Currently the 

company has high demand for three different models 

and have peak capacity of assembly of 80 vehicles 

per shift. Quality testing of 60 vehicles per shift and 

dispatches 50 vehicles in a day. The company is 

facing a supply-demand problem and want to 

increase its production capacity such that it can 

satisfy the increased demand of the existing dealers 

and customer. Generally, in automotive industries, 

increasing productivity is to increase the number of 

output units manufactured. The Kaizen 

implementation also takes care of production and 

quality of the product  Manufactured. Eliminating 

non-value added activities is the key towards 

achieving the target using soft computing will lead 

to dramatic improvement in business processes. 

Improvement can be attained by reducing the 

process time, transporting time reduction and line 

balancing. The steps adopted include process review 

and data. Collection, data analysis, observations and 

suggesting solutions based on facts and results.   

  

  II. REVIEW OF LITERATURE 
 

Ilham Kissani, Yazid Chlyah (2016) in his study 

states that Kaizen concept largely relies on 

differentiating the value adding and non-value 

adding activities and then focus on enhancing the 

productivity at the non-value adding activities in the 

problem areas incrementally. He also states that 

many organizations have started to incorporate and 

apply lean tools to reduce resource wastage, 

focusing on added value tasks and improve quality 

through the use of kaizen philosophy. This paper 

tries to illustrate how Kaizen strategies can be 

adopted in automotive sector, specifically, the 

electric vehicles production to overcome the 

problems and focuses on integration the soft 

computing technologies.  
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Wallace de Almeida, Giorgio Eugenio Oscare 

Giacaglia, Wendell de Queiróz Lamas, Fabiano 

Fernandes Bargos (2016) based on the study 

recommends that a team deployed to implement 

Kaizen tools and 5S will lead to high quality 

products. Prior to this a diagnosis of the assembly 

line to serve as a prototype will help in action based 

research. The prototype line will help to set the 

standard operations recorded in order to understand 

the value adding activities and avoid non-value 

adding activities over all assembly lines. 

Mihail Aurel Titu; Constantin Oprean and Daniel 

Grecu (2010) in their study stated that Kaizen 

focuses on the enhancement of productivity, quality 

that will helps to  attain operational and business 

excellence.  

The Kaizen methodologies are internationally 

accepted and recognized methods for continuous 

improvement. The incremental improvements 

applied to processes will result in generating 

multiplication of the company’s overall profit. 

Similarly, the “5S” housekeeping is a basic 

technique which improves organizational climate 

and enhances productivity.  

 

Small & medium scale industries are currently 

being facing problems resulting in shortage of 

production and finding difficulty to meet the global 

standard due to quality issues (E. V. Gijoa, Johny 

Scariab and Jiju Antony) states in their study. Their 

study deals about implementation of Kaizen methods 

in an assembly line that produces from and rear axle 

for heavy and medium vehicles. The paper states that 

Kaizen technique has tremendous effect on 

operational efficiency of a firm and thus all level of 

a firm’s management.  

Integrating soft computing in Kaizen based 
approach will yield good results. Zedah L. A. (1992) 

states that soft computing is an emerging area in 
which parallels the remarkable ability of the human 

mind and learn in an environment of uncertainty. 
Soft-computing is a group of unique methodologies 
that includes Expert System, Fuzzy Logic, ANN and 

EA, which provide flexible information processing 
capabilities to solve real-life problems. 

 
III. PROBLEM STATEMENT 

 
For Industries to remain competitive in market, 

continuous improvement of manufacturing system 
has to be adopted. The following problems are 
affecting the company’s productivity. They are, 

•  Improper Inventory management & 
control techniques   

• Increased labour efforts in raw material 
segregation   

• Increased lead time and change over time   
• High breakage of components in transit   
• High reworks after the production process  

 

IV. OBJECTIVES OF THE STUDY 

Primary Objective: 
• To improve the process and quality of work 

by applying Kaizen methodology and 
integrating soft-computing in Electric 
Vehicles manufacturing plant.  
 

Secondary Objectives 

1. To identify the processes which affects 

labour productivity in terms of material 

handling and suggesting a suitable method.   
• To analyses and reduce the defect rates in 

raw material and decrease the rework rates 

after vehicle production.   
• To implement Kaizen and 5’S activities in 

the production processes. 

 
V.DMAIC METHODOLOGY  
 
A.  Methodology-PDCA 

This study follows PDCA cycle methodology for 

process improvement and Quality improvement. 

PDCA has also become DMAIC for Six Sigma, 

Define, Measure, Analyse, Improve, and Control. 

All of these processes are iterative, that is you 

continue to implement the process in a continual 

spiral of never ending continuous quality 

improvement and thus continuous business 

improvement. PDCA is an integral part of a Six 

Sigma initiative, but in general can be implemented 

as a standalone quality improvement procedure or as 

part of other process improvement initiatives such as 

lean. 
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This study includes iterative cycles of data 

collection, feedback such data for those interested, 
data analysis, action planning, taking action and 
evaluation, leading to new data collection, and so on. 

 
 

KAIZEN ACTIVITIES: 
 

Table 1: Kaizen Improvement 
 

Kaizen Objective: Idea: 
To reduce time and 
fatigue Material handling and 

 activity process time 
 reduction 

Problem/Present status: Countermeasure: 

More time and fatigue 
Tool provided with 
handle 

during tightening of 
Steering 

bar for quick and easy 
to 

stem nut operate 
Before After 

  

   
Description: Description: 
Tool handling without Tool with handle can 
handle  (Time required= be easy to operate 
63 sec) (Time required= 30 
 sec) 
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5S ACTIVITIES: 

Table 2: 5’S Improvement 
 

5S Objective: Idea: 
To improve 5's' Utilize the  provided 

 
location for arrangement 
of 

 Tools 
Problem /Present 
status: Countermeasure: 
5's' not maintained Neat Arrangement 

    
Before After 

    

    
 

Description:   Description: 
 

All tools were randomly  Tool rack was 

created in the 
    

stored leading to search for  central location of the 
shop 
   tools and takes more time     floor. A smaller tool 

rack is  
    sometimes missing of tools. placed near the 

machine.               
  Easy retrieval of tools 

 
 
PLANNING PHASE: 
 
Problem: Soft-computing ware used for inventory 
management is ineffective. 

Goals: With the optimum safety stock and lead 
time proper software has to be adopted.  
Problem Analysis: Why-Why Analysis.  
Why ERP is Ineffective for inventory management?  

Ans: It doesn’t have inventory tracking features.  
Why is that not having inventory tracking feature? 

Ans: ERP is used for financial data management  
Why the company is using this financial management               
software for Inventory management? 

Ans: User friendly and No maintenance fee. 

 
Root cause for the problem is company expecting 

to adopt low fee software which also should be user 

friendly. From many inventory management 
software’s two applications are chosen as easily 
adoptable for the company.  

 
Solutions: Integrating appropriate soft-computing in 
inventory management. 
 

DO PHASE: 

In a pilot basis BIC and SIM computing software 
were installed and implemented on a trial basis. 
Software that suits the company will be purchasing 
and could be used for life time. It is suggested that 
Expert System and Fuzzy Logic will solve company 
specific problems in stored and retrieving inventory 
data. 
 
CHECK PHASE: 

 
In this 30 Days of trial, pros and cons were 

analysed and the critical issues like reorder level 

notification, Report generations are followed and 

noted down for analysis. 
 
ACT PHASE: 

 
Customizing features in inventory computing 

software are noted for further update in application 
and use. 

PLANNING PHASE: 

 
Problem: High change over time and Lead time. It 
takes 8-10hrs to complete part segregation in stages 
and start Production work  
Goals: Minimize it to 2-4 Hrs. with less 
labor effort Problem Analysis: Why-Why 
Analysis. 
 
Why change over time and lead time is high? 

      Ans: Segregation of parts has to be done.  
Why is that segregating process consumes too much 
time?  
      Ans: Consume 3 to 4minutes to unpack single 
CKD and placing the parts.  
Why it takes 3 to 4 minutes for unpacking single 
CKD?  
       Ans: All parts for single vehicle kept in single 
SKU. Root cause for the problem is company 
purchasing the inventory as Complete Knock Down 
Units which is easy to transport but in production 
process it consumes too much time to complete 
segregation process. Now the company is following 
batch production system. To complete unpacking and 
segregate all parts in place it takes 6-8 hrs of working 
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time and it involves all the workers in assembly unit.  

 
Solution: Change in Packaging may reduce the 
workers effort in segregation and material movement 
will be convenient. So pack the individual parts in a 
separate SKU with a lot number of quantity can be 
possible to reduce the change over time. This also 
very easy to track and hold the inventory in stores. 
Computing techniques in parts packing and package 

design helps in effective space utilization. 

MERITS OF MODIFICATION IN 

PACKAGING: 

 
• Reduction in Change over time from 8-10 hrs. 

to 2-3 hrs.   

• Reduce the labor efforts in segregation 
process.  

 

• Because of separate packaging of parts 
breakages can be drastically reduced.  

• Convenient in tracking inventories.  

• Cost benefit gained from reducing breakages 
and quality of product is ensured.  

 

 

CHALLENGES IN IMPLEMENTATION: 

 
• The organization is procuring raw materials 

from third party supplier in China. So the 
possibilities of modify in packaging is quite 
complex process.  

• There also challenges in transportation cost 
but it is very negligible with the cost benefits in 
parts breakage reduction.  

ASSUMPTIONS: 

 Parts segregation process takes 3hours only.  

 No worker is involved in inventory 

transportation.  

 Inward quality inspection and On-line 

inspection done by quality inspector.  

 

 

DEFECTS RATE IN RAW 
MATERIAL 

PLANNING PHASE: 
 

Generally organizations plan for batch wise 
production. For a particular Model I if the batch of 70 
is taken from different color variance according to 
demand and for Model II then the quantity of 60 is 
made as one batch size. Data collection is planned 
when new batch is started. 

 

 
 
 

 
 

 
 

 
 

 
 
 

 

 

 

DO PHASE 

The data is gathered from Model II with batch size 

of 60 Units. The following table shows that quantity 

of parts damaged while unpacking the CKD for a 

vehicle assembly process. This is done from a single 

batch with size of 60 Units as sample. 

 

 

 

 

 

 

 

 

                              Fig 2 : Defects Rate 
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CHECK PHASE: 

From 60 units CKD there have been lots of defects 

found in plastic and glass material parts which 

indicate that there is an issues with the current 

packaging method or material handling in transit. It 

needs to be modified in a better way of packing and 

transporting to ensure a control over quality. Cost of 

poor quality for these defected parts has been 

measured. 

Current: 94 Parts are defected in 4800 parts of 

60Units. i.e.,2% of material loss while opening CKD 

itself. For Defects rate, COPQ: 18 L  for annum PPM 

(or DPMO): 19583 Sigma Level: 3.5. 

ACT PHASE: 

 
Modification in packaging is suggested. As the 

results expected to be achieved in a long term here 
the expected results are shown below. For Defects 
rate, 

COPQ: Rs 5L for annum (Reduced from 18L) 
PPM (or DPMO): 10000 Sigma Level: 3.9 

 
REWORK RATE AFTER ASSEMBLY  

PLANNING PHASE 

Assembled vehicle from production moved to 

quality area for inspection. There is a predefined 

checklist is maintained to register these reworks. For 

a sample size of 200 Vehicles in Model I rework are 

recorded in checklists and taken for analysis  

From the 200 Vehicles sample rework counts are 

listed below: 

 

 

                      Fig 3: Rework rate 

 
CHECK PHASE: 
 

From the sample of 200 vehicles quality inspected 

report, it shows that majority of 68% rework rates are 

repeatedly happening in assembly system. Also 24% 

of rework rates are from body system. This indicates 

that either there is a problem in operating procedure 

or lack of training for employees in production. So 

that from the quality assurance department standard 

operating procedure has to be created for each model 

separately and training for the same is to be provided 

to employees. 
 

COPQ: 2L for 

annum PPM (or 

DPMO): 154910 

Sigma Level: 2.6 

ACT PHASE:  

After the specific training program to the operator 
now rework rate reduced from 16% to 11% which is 
160 reworks from 26 Units of 55 work checklist. 
Also some of the reworks like fitment of rear cabin 
and rear carrier occur repeatedly. Root cause analysis 
for these reworks has to be done for better 

understanding of the problem and taking actions. 

After the training to the operators Sigma level 
was improved from 2.6 to 2.71. 

 

 

       Table 3 Improved Sigma Level 
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VI. FINDINGS, SUGGESTIONS AND 

CONCLUSION 

 

Findings 

 

• More fatigue to the operators in assembly line 

and motion losses is high.  

 

• Improper working area utilisation, also 

improper arrangement of tools and segregated parts.  

 

• Ineffective inventory management software 

which leads to improper stock monitoring of excess/ 

very low inventory level maintenance.  

 

• Change over time between one batch to 

another batch is 6-8 Hours. More than 30% of 

working hours consumed in unpacking the CKD’s 

and segregating the parts which affects the 

productivity in larger scale.  

 

• Assembly line Description:  

 

 8 stages in Main assembly  

 Minimum of 16 employees required to 

work from stage 1 to stage 8  

 No. of vehicles on conveyor online = 11 

(Minimum)  

 Lead time for one vehicle (Min)= 58 

minutes  

 For every 6.5 minutes one vehicle left out 

from conveyor 

 94 Parts are defected in 4800 parts of 60 

Units. i.e.,2% of material loss while 

opening CKD itself. For Defects rate,  

 COPQ: 18L for annum  

 PPM (or DPMO): 19583  

 Sigma Level: 3.5  

 63 out of 94 defected i.e., 67% of defects 

parts are high level damages which should 

be replaced.  

 Majority of 67% of the defected parts are 

fibre and plastic materials and 24% of 

defected parts are electrical category parts.  

 Majority of 80% of the defected parts 

cannot be reworked. So these materials 

send to scrap and replaced with new part.  

 Majority of 77% of defected parts are 

caused by supplier end defects and during 

transit.  

 80% of the part non-conformance ensured 

by operator itself rather than quality 

inspector.  

 From the 55 numbers of checklists in a 

vehicle, 16% of reworks have been made 

in a sample of 200vehicles. For the rework 

rate after assembly,  

✓ COPQ: 2L for annum  

✓ PPM (or DPMO): 154910  

✓ Sigma Level: 2.6  

7. SUGGESTIONS: 

• Small group activities of Kaizen and 5’S 

techniques for attractive shop floor are suggested 

which helps to reduce fatigue of employees, also 

motion loss in process reduced.  

• To be competitive in market in terms of price, 

company has to cut down it cost loss in inventories 

by adopting appropriate inventory software with part 

code and bar code implementation. This will help the 

company to save in inventory storing cost. Basic 

inventory control or Simple inventory manager 

suggested in trial base because these two applications 

fulfilled the company expectations.  

• Modification in packing reduces the workers 

effort in segregation and material movement will be 

convenient. By packing the individual parts in a 
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separate SKU with a lot number of quantity can 

reduce the change over time 6-8 hours to 2hours. 

This will boost the 30% in annual production.  

• High defects are due to packing of metal and 

plastic parts in single SKU. As suggested earlier 

about the modification in packaging defects will be 

reduced. As the results expected to be achieved in a 

long term here the expected results are shown below. 

For Defects rate,  

✓ COPQ: Rs 5L for annum (Reduced from 18L) 

✓ PPM (or DPMO): 10000  

✓ Sigma Level: 3.9  

• To reduce the rework after assembly process, 

standard operating procedure for each model has to 

be created and placed in shop floor. Training for the 

same is provided to the employees. As suggested 

company arranged  for  the  training  programs  

after that the results are very much appreciable. 

Rework reduced from 16% to 11%. For this Sigma 

level is, 

        

8. CHALLENGES:  
 

 Approval from the Top level management. 

 Cost-Benefit  analysis  of  modification  in  

packaging  and Cost-Benefit  analysis  of  

modification  in  packaging  and Approval  

from  the  raw  material  supplier  

regarding  packaging modification. 

  Time Constraint to work on Process 

Improvement   training since creating 

standard operating procedure    involving 

employees will take long duration.            

9. CONCLUSION 

        Improvements in the processes using soft-

computing and Kaizen methodology helped the  

company to meet  the customer demands with 30% 

increase in productivity as well as improvement in 

product quality. Also company can save more cost 

benefits by reducing the cost of poor quality as well as 

increasing the sigma level. Under these circumstances, 

the implementation of lean tool kaizen, improves the 

productivity with moderate  investment. This  study  

carries evidence of genuine advantages a company 

can gain when applying lean tools in  manufacturing 

processes. 
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