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ABSTRACT 

 

Globalization and instant access to information of products and services continue to change the way of customers conduct business. 
Today's competitive environment leaves no room for error and products and service providers relentlessly look for new ways to exceed the 

customers' expectations. Hence, Six Sigma quality has become a part of any business culture. Customers Value consistent, predictable, 

business processes that deliver world-class levels of quality. Six Sigma is a problem-solving venture delivering the world class quality. 

Every project has process or design problem in search of solution. Six Sigma directs the people's energies for finding the solutions and 

improving the bottom lines.  

A project of improving the shop efficiency of an assembly shop in an Indian engineering Industry has been identified as a problem for 
improvement and six sigma concepts have been applied for finding the solution. Six sigma problem solving methodology has been 

systematically applied in 

- defining the problem  clearly 
- formulating the scope and objectives of the project 

- measuring the relevant data correctly  

- identifying the root causes that contributes to the target of the project 
- analyzing the data and formulating improvement activities 

- implementing and controlling the improvement activities 

 During this process various statistical tools have been applied at the relevant places for arriving at decisions in manufacturing 
process. The improvement activities have been carried out and the results are being monitored continuously. The detailed work is 

presented in the paper.   
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INTRODUCTION 

 

India – A Global Hub for Manufacturing: 

 Many Indian industries have taken initiative to 

become world class companies. India hopes to 

become the global hub of manufacturing.  Already 

Toyota has made India their global hub for 

automotive transmissions. According to Singh (2003) 

of Bharat gears Limited, Toyota had introduced a 

concept called 'Step-up' for making breakthrough 

improvement for the Indian Industries to reach the 

World Quality Level.  After reaching step-

up/Innovation level, continues improvements 

activities to be followed to be at par with the World 

Class Industries. The STEP-UP methodology is 

given as   

(1) Change in mind set for global working. - 

Improvement of overall Equipment Effectiveness.  

(2) Zero defects.  

(3) Change of culture.  

(4) Customer oriented manufacturing. 

(5) Six Sigma. 

(6) New technology and methods 
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Literature Survey: 

 A comprehensive review of few relevant papers 

has been carried out in detail so as to get better ideal 

about the literature. 

 Kevin Linderman, Roger G. Schroeder, Srilata 

Zaheer & Adrian S. Choo, [1], In this study, authors 

help serve as a foundation for developing scientific 

knowledge about Six Sigma[1]. Studying the Six 

Sigma phenomena from a goal theoretic perspective 

also provides opportunities to develop more insights 

into goal theory. Goal theory has been developed in 

the context of day-to-day management of 

organizations and routine decision making [1]. 

 Jeroen deMast , JoranLokkerbol, [2], In this 

study, we conceive of DMAIC as a problem solving 

method, and analyze it from that perspective[2]. 

DMAIC is applicable to empirical problems ranging 

from well-structured to semi-structured, but not to 

ill-structured problems [2]. 

 Gulcin Buyukozkan , Demet, [3], In this study, 

authors aims to develop a novel approach based on 

acombined ANP and DEMATEL technique to help 

companies determine critical Six Sigma projects [3]. 

 Satya S. Chakravorty, [4], One reason many Six 

Sigma programs fail is because an implementation 

model on how to effectively guide the 

implementation of these programs is lacking [4]. In 

this study, author provides a model to effectively 

guide the implementation of Six Sigma programs to 

reduce variation or waste from the operations. This is 

particularly relevant because today’s competitive 

environment demands that companies reduce 

variation (waste) to meet or exceed efficiency and 

responsiveness requirements of customers [4]. 

 M. Sokovic , D. Pavletic , S. Fakin,[5], In this 

study, authors deals with application of Six Sigma    

methodology in process design [5]. The application 

of some isolate tools from Six Sigma methodology 

provides benefits in process improvement [5]. These 

results could be improved with more widespread use 

of Six Sigma tools & methodology [5]. 

 Young Hoon Kwak, Frank T,[6], Understanding 

obstacles, and shortcomings of the six sigma method 

allows organizations to better support their strategic 

directions, and increasing needs for coaching, 

mentoring, and training[6]. Evaluating fidelity of the 

attacked images is important for attack development 

and consequently water mark development [6]. 

 Chantal Baril , Soumaya Yacout , Bernard 

Clément,[7], In this study, authors presents a global 

methodology for designing product for Six Sigma[7]. 

 Tongdan Jin , Balaji Janamanchi,[8], In this 

study, authors proposes a Six Sigma based 

framework to deploy high product reliability 

commitment in distributed subcontractor 

manufacturing processes[8]. The majority of the field 

failures were defect driven since the failures due to 

design, structure and materials were often eliminated 

or reduced through design for reliability (DFR) 

practices or relentless reliability tests [8]. 

 George S. Easton, Eve D. Rosenzweig,[9], In 

this study, authors studies the role of individual 

experience, organizational experience, team leader 

experience, and experience working together on a 

team (team familiarity) in the context of 

improvement teams[9]. 

 S.J. Harjac, A. Atrens , C.J. Moss,[10], In this 

study, authors provides a summary of a desktop 

review, using the Six Sigma methodology, of root 

causes for corrosion incidents in Hot Potassium 

Carbonate acid gas removal plant. A methodology 

like Six Sigma can be used to assist in overcoming 

the corrosion problem in HPC plants[10]. 

 J.P. Charles, F. Hannane , H. El-Mossaoui,[11], 

In this study, authors presents a novel application of 

the Design of Experiments (DOE) method as a 

practical method to detect any dysfunction of an 

operating photovoltaic (PV) panel[11]. The main 

advantages of the method of Design of Experiments 

are to bring together in one relationship all the 

information that can be contained in each factor 

separately or jointly andto minimize the number of a 

priori characterization experiments [11]. 

 Kent Cronholm,[12], The case study shows that 

the VMEA method may be useful even if the 

information is limited. In this study, author presents a 

method where the Variation Mode and Effect 

Analysis is used to convert subjective knowledge 

about variation and importance of parameters for a 

certain characteristic among practicing engineers into 

numerically comparable values[12]. 

 Shuiquan Li, Ye Zhang,[13], This study is 

applicable to analyzing other subsurface data-poor 

environments, where key performance metrics can be 

evaluated against different conceptual models, and 

over time[13]. The SA results are compared among 

the families to identify parameters that have 1st order 

impact on predicting CO2storage ratio (SR)at two 

different time scales, i.e., end of injection and end of 

monitoring[13]. 

 

Definition of Six Sigma: 

 Six sigma (www. ge. Com) is defined as a 

highly disciplined process that helps industries to 

focus on developing and delivering near-perfect 

products and services. Six Sigma is a vision of 

quality, which equates with only 3.4 defects per 

million opportunities for each product or service 

transaction. 

 

3.1 Characteristics of Six Sigma: 

 Six Sigma can be addressed from the following 

dimensions (Choudry, 2002, Indian Statistical 

Institute)  

 A Philosophy              

Make fewer mistakes in all that we do 

 A Statistical Measurement    Helps gauge 

adequacy of product,     

Process and services 

 A Metric            A measuring system 
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 A Business strategy  Good quality 

reduces cost 

 

3.2 Six Sigma Key Concepts: 

 At its core, six sigma revolves around a few key 

concepts.  

Critical to Quality:  Attributes most important to the 

customer   

 Defect:  Failing to deliver what the customer wants   

Process Capability:  What your process can deliver   

Variation:  What the customer sees and feels   

Stable Operations:  Ensuring consistent, predictable 

processes to improve  

what the customer sees and feels   

Design for Six Sigma: Designing to meet customer 

needs and process capability.   

 

3.3. Real Benefits of Six Sigma: 

 Six Sigma accentuates financial returns to the 

balance sheet of an organization. It has been so 

successful in many organizations where performance 

is significantly improved beyond that which can be 

obtained through other means. The following are the 

key benefits gained by Motorola, Allied Signal 

(Honeywell now) and GE from the implementation 

of six sigma(Jiju Antony and Ricardo Banuelas, 

2002). 

 

Motorola (1987-1994): 

 Reduced in-process defect levels by a factor of 

200. 

 Reduced manufacturing costs by $1.4 billion. 

 Increased stockholders share value four-fold. 

 

Allied Signal (1992-1996): 

 Reduced new product introduction time by 16 

per cent. 

 Reduced manufacturing costs by more than $1 

billion. 

 

General Electric (1995-1998): 

 Companywide savings of over $1 billion. 

 

Service and transactional processes: 

 Reduced medication and laboratory errors and 

thereby improved patient safety. 

 Reduced profit margin significantly in a 

community hospital and the estimated saving is more 

than $1million per year  

 Significant savings in process timeliness, 

improvements in cash management and increased 

customer loyalty and satisfaction. 

 

3.4 Six Sigma Methodology, Tools and Techniques: 

 A healthy portion of the six sigma training 

involves learning the principles behind the six sigma 

methodology, i.e. DMAIC methodology. During the 

training, employees learn three groups of tools and 

techniques, which are divided into process 

improvement tools and techniques, leadership tools 

and team tools. For many Six sigma projects, 

generally simple statistical tools or quality tools are 

more than enough to tackle the problem at hand. 

However, for greater break through improvements in 

business processes, certain advanced statistical tools 

and techniques (such as design of experiments, 

statistical process control, regression analysis, 

analysis of variance, etc.) are needed. In addition, 

there has to be a clear set of metrics that are used to 

measure process performance against customer 

requirements. Examples of metrics include defect 

rate, cost of poor quality, throughput yield, rolled 

throughput yield, etc. Accurate data are also required 

for analyzing potential root causes and support the 

team’s decisions. 

 

3.5 Linking Six Sigma to business strategy: 

 Six Sigma cannot be treated as yet another 

stand-alone activity. It requires adherence to a whole 

philosophy rather than just the usage of a few tools 

and techniques of quality improvement. It needs to 

be clear how six sigma projects and other activities 

link to customers, core processes and 

competitiveness. Since the goal of every organization 

is to make profits, six sigma projects make business 

processes profitable while attacking variability which 

leads to high scrap rate, high rework rate, low 

productivity, etc. In every single project, the link 

between the project objectives and the business 

strategy should be identified. 

 

3.6 Linking Six Sigma to the customer: 

 A key element of the success of six sigma 

program is its ability to link to the customers. 

Projects should begin with the determination of 

customer requirements. However before customer 

needs can be met successfully, there has to be a good 

understanding of the organization and its linkage to 

various business activities. The process of linking 

Six Sigma to the customer can therefore be divided 

into two main steps: 

(1) Identifying the core processes, defining the key 

outputs of these processes and defining the key 

customers that they serve. 

(2) Identifying and defining the customer needs and 

requirements. 

 An important issue here is the selection of 

critical-to-quality characteristics (CTQs). These 

CTQs must be identified quantitatively in the starting 

phase of the six sigma methodology. Quality 

function deployment is a powerful technique to 

understand the needs and expectations of customers 

and translate them into design or engineering 

requirements. In service industry, the customer 

requirements are often ambiguous, subjective and 

poorly defined. 

 

3.7 Linking Six Sigma to human resources: 

 Human resources-based actions need to be put 

into effect to promote desired behavior and results. 
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Some studies show that 61 per cent of the top 

performing companies link their rewards to their 

business strategies, while lower performing 

companies create minimal linkage. Across all GE 

businesses no one will be promoted without the full 

Six Sigma training and a completed project. This in 

itself is an impressive behavior driver. Moreover, 

Jack Welch of GE requires the black belt managing 

the project to prove that the problems are fixed 

permanently. 

 

3.8 Linking Six Sigma to suppliers: 

 Many organizations that implement Six Sigma 

find it beneficial to extend the application of six 

sigma principles to management of their supply 

chain. The concept that ``everybody plays’’ created 

special challenges for General Electric Appliances 

(GEA). You cannot be a six sigma company without 

your suppliers participating in the culture change. 

The key element of successful integration of 

suppliers into six sigma is obtaining support up front 

from the highest levels of management in the 

supplier firm. Under Six Sigma philosophies, one 

way to reduce variability is to have few suppliers 

with high Sigma performance capability levels.  

 

4.0 Improvement After Six Sigma Project 

Implementation: 

 The present method of assembly shop with line 

balancing concept, the present status of the six sigma 

rating of this project, tangible and intangible benefits 

due to the implementation of six sigma project.  

 

4.1 Assembly Shop with Line Balancing Concept: 

 With the introduction of line balancing concept, 

all the operators have been trained with multi skills 

thereby eliminating requirement of any specialist is 

shown in figure 4.1. This results in optimum operator 

utilization thereby significant improvement in overall 

shop efficiency. With line balancing, the consistency 

in the improved assembly shop efficiency could be 

achieved.  

 

4.2 Six Sigma Present Level: 

 The six sigma level of any project will improve 

continuously from time to time with the sustained 

practice of six sigma methodology. The project 

described in this section during the month of June 

2015. At the end of this project, the benefits obtained 

were analyzed. General shop floor efficiency before 

six sigma implementation and after six sigma 

implementation is shown in figure 4.2. As shown, the 

shop efficiency is fluctuating even after 

implementing six sigma projects, but the maximum 

efficiency during certain weeks has gone beyond 

70% which has never occurred before its 

implementation. Before six sigma implementation, 

the average units / man / day was1.25 and the 

number of operators were 16. During June 2015 the 

average output/ man/day is 1.9 (52 % productivity 

improvement and with 10 people meeting the daily 

requirement of the shop). 

 

 
 

Fig. 4.1: General view of assembly with line balancing. 

 

 
Before six sigma 
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After six sigma 

 

Fig. 4.2: Over all shop Efficiency, before and After Six Sigma. 

 

 With this the 'Z' value for shop efficiency 

improved to 2.34 from the original value of -0.87 is 

shown in Table 4.1. The expected final average 

output/man/day is 2.2 (73% productivity 

improvement) with which the 'Z' value will be close 

to 6. During July and August 2015, the six sigma 

level for the shop efficiency had increased to a 

maximum of 5.7 (Zst). Even though there is a 

fluctuation, the overall shop efficiency was between 

a minimum of 61 to a maximum of 92 is shown in 

Table 4.2 

4.3 Six Sigma - Tangible and Intangible Benefits: 

 Validation of the benefits has been carried out 

with the end user and the accounts dept. head and 

resulting in the savings of rupees six lakhs per annum 

due to the reduction of six operators. These six 

operators were allocated to new assembly shop 

catering to another product. Another interesting 

project is that not only this six sigma project resulted 

in cost savings of in an Indian rupees 6,10,848 per 

annum but also the following benefits by learning 

key points by the six sigma team that obtained. 

 

4.3.1 Key learning’s due to six sigma project: 

1. Arriving assembly fit using statistical tolerance 

method 

2. Calculation of Zst, DPU, DPMO and other 

statistical parameters 

3. Calculation and usage of process capability 

analysis for various processes 

4. Knowledge of ‘design of experiments' to arrive at 

optimized solution.  

 
Table 4.1: Dashboard for March to June 2015. 

 
 

5.0 Conclusion: 

 The current market condition as compelled in 

Indian companies to compete with globally 

dominating giant companies. Many employees who 

have been working in companies competing in local 

market have either lost their jobs or switching over to 

globally competing companies. In this situation, the 

entire Indian manufacturing society consists of 
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management frontiers and employees have begun to 

look for their strategies, which will enable them to 

compete in global market. The net result expected at 

this juncture from Indian companies can be 

encapsulated under four strategies.viz. Highest 

quality, highest productivity minimized cost and 

efficiently managed time. At the time when Indian 

companies look for the models for obtaining the core 

competence, the six sigma programme has come into 

the organizational scenario as a solution provider. 

During the recent years, training institutes like 

Wipro, Quality Forum of India, Indian Statistical 

Institute etc., have also emerge in India to impart 

training in six sigma programme. The Indian 

companies are examining whether they are capable 

of implementing six sigma programme. This is due to 

the reason that implementing six sigma programme 

very expensive and result patience to see the results 

over a little long period.  

 Hence, this paper concludes by pointing out that 

it is high time that Indian companies adopt six sigma 

model to explore the capabilities in achieving the six 

sigma level at the shortest possible time so that 

Indian companies stand as frontiers in global 

competitive market.  

 
Table 4.2: Dash board for the period of July to August 2015. 
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