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Introduction

Companies have found the most effective way to eliminate 
the flaws that lead to rework and scrap, and create one unified idea of continuous

improvement, is the integration of Lean Manufacturing and Six Sigma. 

All large companies such as Toyota, Danaher Corporation, General Electric, Motorola, 
Honeywell, and many others, have achieved dramatic results by implementing either

Lean or Six Sigma methodologies in their organization. 

Many industries use either Six Sigma (as process improvement and problem solving approach)
or Lean Manufacturing  (for improving speed to respond to customer needs and overall cost,

eliminating waste and non-value added activities ) as part of management strategy 
to increase the market share and maximize profit.



Introduction

The set of tools, techniques and principles that can be 
used in the integrated approach of Lean and Six Sigma 
business strategies 
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Objective

The company was receiving complaints from 
its customers on crack propagation in the automobile 

accessories manufactured by the company

Implement a Lean Sigma framework into an Indian 
small- to medium-sized enterprise (SME) in order 

to reduce the defects which occur in the final product,
work-in-process inventory, scrap and rework cost

The proposed framework combines Lean tools (current state map, 
5S System, and Total Productive Maintenance (TPM))
within Six Sigma DMAIC methodology to improve the 

outcome or end results and win customer loyalty.



Background of the Company

The die-casting unit was established in 1978 with 
150 employees.
The organization is engaged in designing and 
manufacturing many types of machined 
components.
The company manufactures around 250 000 units 
of products per year. 
The employees work in three shifts per day, each 
shift of 8 hours, and six days a week to meet the 
market demand.
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Actions Before Implementing Lean Sigma

Top management were proponents of Lean and used to 
practice TPM, Kaisen, and 5S systems 
Management showed confidence at the beginning of the 
initiative and supported the quality and production managers 
with the variety of resources and training required for 
successful deployment of Lean principles. 
The wish to maximize return on investment and the fear of 
not meeting the customer demand forced the management 
to concentrate more on production than on quality. 
This resulted in an increase in work-in-process inventory, 
scrap and rework cost, and more defects. 
The management was able to meet the customer demands 
by putting the quality of product at risk. This resulted in a 
number of customer complaints. 



Framework for Lean Sigma Implementation

Lean tools are used within the Six Sigma 
(DMAIC) problem-solving methodology to 
reduce the defects.



Framework for Lean Sigma Implementation



Framework for Lean Sigma Implementation

Define Phase:

Management Initiatives:
- An emergency meeting was called by top management to discuss the 

restructuring required in the current practices for enhancing customer 
satisfaction.

- A team spent hours on the shop floor observing, in order to collect data.
Problem Definition: brainstorming sessions of team members were 
conducted to identify the root cause of the problem (CRACK 
PROPAGATION) and to reduce the defects.

Current State Map: gives a closer look at the process so that 
opportunities for improvement can be identified.



Framework for Lean Sigma Implementation

Current State Map



Measure Phase: 
-The team had been collecting data of defective products for 

the last 2 years and had identified the critical processes 
where maximum defects were occurring. 

-Collected data was analyzed and showed that the maximum 
defects were coming from the die-casting machine, de-
burring operation, and chamfering and threading 
operation. 

-Goal of the team was to increase casting density. 

Framework for Lean Sigma Implementation



Framework for Lean Sigma Implementation

Analyze Phase: 
to determine the root causes of 
defects and identify the 
significant process parameters.

The micro holes created inside 
the casting are due to air or gas 
entrapment and result in crack 
propagation due to differential 
pressure and force created 
inside the casting.

Pareto chart



Framework for Lean Sigma Implementation

Internal defects are the result of poor casting density. 



Framework for Lean Sigma Implementation

Cause & Effect Diagram



Framework for Lean Sigma Implementation

At this stage, it was essential to identify significant 
parameters so that they are tuned properly to 
achieve the desired range of casting density 



Framework for Lean Sigma Implementation

Improve Phase:
Design of experiment: the team decided to carry 
out a 27- trial experiment to identify the 
significant process parameters affecting the 
casting density. The casting density is a ‘larger 
the better’ type of quality characteristic. 



Framework for Lean Sigma Implementation

27 trial 
designed 
experiment.



Framework for Lean Sigma Implementation

AVG values of 
S/N ratio for five 
process parameters 
at 3 levels



Framework for Lean Sigma Implementation

Improve Phase:

5S system:
was developed by Toyota to eliminate the hidden factory waste by 
describing a set of actions to maintain an organized work place.
-Japanese words that describe those actions—Seiri (sort), 
Seiton (set in order), Seiso (shine), Seiketsu (standardize), 
Shitsuka (sustain). 

-Top management decided to implement 5S system in order 
to establish a standard approach to housekeeping within the 
organization and help reduce the non-value added time for 
employees. 



Framework for Lean Sigma Implementation

Some examples of implementing 5S

-The trimming unit was moved nearer to the die casting machine so that 
time was saved in transportation 

- The cleaning of dust particles, grease, and oil from the machines to ensure 
the health and safety of employees.



Framework for Lean Sigma Implementation

Periodic maintenance 
of machines

Involving employees to
achieve zero defects,

breakdown, and accidents

Some steps that management used to implement TPM

Collection and analysis
of data on downtime of

Machine.

Total productive maintenance (TPM)
was only used for documentation purposes and for attracting customers



Framework for Lean Sigma Implementation

Control Phase:
Sustainability: The main 
purpose of the Six 
Sigma is not only 
improving performance 
but also sustain it in the 
long run.

Control Chart.



Framework for Lean Sigma Implementation

Control Phase:
Mistake proofing exercise: was performed to reduce the 

number of defects like Human error, malfunctioning of 
machines, or improper environmental conditions.

Example: Checking the defects at the preliminary design phase so
that defects are not passed to the production stage.



Effectiveness of the Proposed Lean Sigma 
Framework 

Implementation of lean sigma framework helped in 
saving the cost in the process & resulted in huge 
reduction of defects.



Effectiveness of the Proposed Lean Sigma 
Framework

The implementation of Lean Sigma framework also helped in:

Reducing machine downtime and accidents

Rectifying the customer complaints

Establishing a standard housekeeping procedure;
& Increasing the confidence level among employees

Effectiveness of the proposed 
Lean Sigma framework:

improvement of around $140 000 per year in financial 
terms for the company after the implementation.



Convincing top management was the
most difficult task as management
was not ready to compromise on 

production to improve the quality of
the final product

Difficulties encountered in implementing
Lean Sigma framework: 

Resistance from management was also
noticed when the team decided

to implement the 5S system in the
organization

Difficulties in Implementing Lean Sigma 
Framework



Conclusion
The implementation of the Lean Sigma strategy: 

established best practice within the company and provided the 
company with a performance benchmark on which they could 
base future performance enhancement. 
improved the casting density by over 12%. 
significant improvement was observed in the key performance 
metrics 
savings of around $140 000 per year. 
bringing a cultural change in the company with systematic 
implementation of the integrated approach throughout the 
organization.


	King Fahd University of Petroleum & Minerals
	Outline
	Introduction
	Introduction
	Objective
	Background of the Company
	Background of the Company
	Actions Before Implementing Lean Sigma
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Framework for Lean Sigma Implementation
	Effectiveness of the Proposed Lean Sigma Framework 
	Effectiveness of the Proposed Lean Sigma Framework
	Difficulties in Implementing Lean Sigma Framework
	Conclusion

