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 Abstract: The  manufacturing company under consideration 

recorded the high accident rates for last few years. These 

accidents cause the organization the heavy man-day loss, the 

production loss and heavy costs of insurance. The objective of 

health and safety department at the manufacturing company was 

to set and improve accidents prevention system. The paper 

presents how does the six-sigma technique will help to evaluate 

the safety and environmental hazards in performance of 

organizations. It is observed that the study helped the 

management to measure, analyze and improve overall safety 

plan to protect the life and health of the employees. 

The paper discusses real life case where six sigma has been 

successfully applied at one of the Indian small scale units to 

improve safety in processes. The main aim behind this project 

lies to overcome those problems of the industries which are 

causing loss due to safety. In order to build up system 

capabilities and graduate towards higher sigma levels of 

operation, the backbone exercise of six sigma management 

system is reached by carrying out the failure mode effect 

analysis.  

Keywords: Six sigma, DMAIC, Safety, Lean Manufacturing, 

Defects, Variation, Accidents 

I. INTRODUCTION 

enerally it is needed to prevent accidents before it 

happens to ensure it happens to ensure safety of life. 

Various other safety programs are used in industries to 

improve safety. Six sigma is a highly disciplined process that 

helps us focus on developing and delivering near-perfect 

product and services. The word is a statistical term that 

measures how far a given process deviates from perfection. 

[1]The central idea behind six sigma is that if you can 

measures how many “defects” you have in a process and how 

to eliminate them. The same methodologies are applied to 

prevent accident to thus, enhancing safety. 

II. DMAIC PHASES OF SIX SIGMA 

We have applied the six sigma process on safety in a 

manufacturing firm. The company is situated in the middle of 

Nagpur. It is the central India’s largest manufacturer of double 

roller machines. It is spread over an area of 5.5 acre with the 

built up area about 9000aq. meter their manufacturing 

facilities are ISO 9002 and IS 16949 certified that ensures 

reliability they are supplying their products throughout the 

country and exporting along foreign countries.  

Objectives of six sigma: 

 To improve the Worker’s efficiency of working. 

 To reduce the number of accidents occurring inside 

the Industry. 

 To identify hazards and control risks while 

maintaining assurance that these risk controls are 

effective. 

 To avoid the industrial production shut down. 

 To avoid financial loss. 

 To solve dispute like compensation, requirement by 

employees   

 

III. APPLYING DMAIC TOOL IN ABOVE COMPANY 

3.1Define Phase:  

PDCA 

In define phase the PDCA is one of the tool to identify the 

problems related to safety of workers and industry. PDCA 

helps to make plan for detecting  the total inefficiencies in any 

plant . On the basis of PDCA data is collected and managed.  

 

FIG:1     PDCA 

G 
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SIPOC 

Basically SIPOC is a define level tool helps to decide the 

direction of process or project flow and their benefits. SIPOC 

stand for Supplier Input Process Output Customer which 

defines the each point as below-  

  Supplier –Start point of any project from which project 

handover ahead. 

  Customer - Acceptance point of project at any level. 

Customer may be the supplier when he forward this project to 

other with some changes.  

 FIG: 2 - SIPOC 

Swot Analysis: It’s a tool for strategic planning to help in 

decision making process. Each of these areas are received to 

identified the needs of the organization. The organization has 

direct control over internal factors. Internal benchmarking and 

communication will eliminate in a process. The organization 

has no control over external factors.  SWOT analysis must 

start with a vision of a future or ideal state to judge all 

Strengths, Weakness, Opportunities and Threats. 

 

                           Table 1 SWOT Analysis 

3.2 Measure Phase:  

The measure phase generally deals with the data generation related 

to accidents in company. It again deals with the statistical 

organizing of data and calculation of sigma level of that company 

on the basis of that data. The following bar graph shows the 

distribution of accidental data in per month. 

 A . Data Evaluation: 

The survey was performed on number of workers 

and supervisors in the industry and filled 

questionnaires based on their responses. This 

provided us with data important for the calculation of 

sigma value for safety. 

Let us take that industry works for 250 days in a year 

and the other parameters are as considered as 

follows: 

 Unit - Employee 

          Defects – Employee recordable injury. 

Number of employees = 291 

Number of injuries recorded =451 

 Opportunity for error in unit = 0.6/workday (250/year)  

Defects per unit:  

DPU= Total defects/total units  

        =155/291 

        = 0.5326. 

Defects parts per million (ppm) 

= (DPU/year *10^6)/opportunity for error in 1 unit 

=  3050.6 ppm 

Using given formula for conversion of ppm into sigma 

= 0.8406 + square root ((29.37-(2.221ln (ppm))) = 4.2 

Sigma      

Cause and effect diagram :      The diagram shows causes of 

accident in industry and their effects. The diagram helps to 

study the industry in proper way. It again indicates the defect 

areas where the methodology is to be applied. Generation of 

proper solution is effective in causes and effects diagram.  

Following dig. is generated accordance to  industry condition. 

 

FIG:3  Cause and Effect Analysis 
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B. Graphical Representation 

 

 

 

FIG:4   Accident Graph 

C.5-S Audit 

A 5-S(Sort, Straighten ,  Shine, Standardize, Sustain.) + 

Safety sheet is shown here. It requires to mark yes or no in the 

sheet and then to calculate section score. The total score is 

then divided by six to obtain audit score. This score on a 0 to 

6 scale shows which section of the plants requires most 

attention and which can be taken care of later. 

A 5S Audit sheet for Furnace Section is shown here.  [3] 

Similar Audits were conducted for all six sections of the plant. 

Their Audit score is given below: 

1) Furnace Section :  2 

2) Raw material storage Section:               2 

3) Six inch working Mill Section : 2.1 

4) Eight inch working Mill Section : 1.81 

5) Sixteen inch working Mill Section :        2.0 

6) Machining Mill Section:  2.34 

 

FIG:5 Safety Audit for raw material Section 

Since Audit score of Furnace section is lowest, safety 

regulations in Furnace Section are first priority. The order of 

audit score gives us the sections in the plant which requires 

attention in a set preference. 

3.3.Analyze Phase 

The basic step followed under this phase is defining 

performance objectives, identifying various sources of errors 

and establishing process capability. We are using different 

statistical tools to analyze the cause of accidents that have 

been identified in previous phases. The tools used in this 

section are 5 Why Analysis, Root Cause Analysis and FMEA. 

A. Failure Mode Effect Analysis (FMEA)[8]  

   

 

 

 

 

 

 

 

 
 

Table 2 Failure Mode Effective Analysis 
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B. 5-Why + Safety Analysis  [3] 

A 5-Why Analysis Sheet for Furnace Section is shown 

below. Similar Analysis for all six departments of the 

industry were done. These sheets were then referred for the 

Root Cause Analysis of Problems identified. 

 

FIG:6  5-Why Analysis Sheet 

C. Root Cause Analysis   [5] 

A Sample RCA report for the Furnace Department of the 

industry is shown here.As problems are identified and 

decisions are made we must make the decision on the best 

method for solving the issue. Similar Reports were made 

for all the six major problems identified in define phase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
We note down the improvements done and to see if each 

department shows effects of improvement we do a 5-S Audit 

again and see if the audit score for each department increases 

or not. The tools used in this phase are 5-S Audit, Safety 

Control Sheet, Safety Improvement Plan and Post Kaizen 

EHS Checklist.  

 A sample 5-S Audit done after improvement phase 

for the Furnace Section of the factory is shown here.  [3] 

Similar audits were done for all the six sections of the 

industry.Their Audit score is given below: 

1) Furnace Section :      4.0 

2) Raw material storage Section:      4.67 

3) Six inch working Mill Section :        4.17 

4) Eight inch working Mill Section :     4.5 

5) Sixteen inch working Mill Section :  4.0 

6) Machining Mill Section:       4.34 

 

 

FIG:8 Improved  Safety Audit for raw material Section 

D. Safety Control  Sheet    

  

 The Safety Control sheet we used includes Define, 

Measure, Analyze and Improve prospects of the accident 

under consideration. It also includes a 5-Why analysis, Job 

Safety Analysis and sections for interim corrective action as 

well as permanent corrective actions. 

 
FIG: 7 . Root Cause Analysis for Furnace Department 
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Fig. 16. SIP Agreement for Workers 

Safety Improvement Plan Agreement Non-Supervisor Program 

 

I, Devidas Dhote understand that I have been identified as an “at risk” employee under Safety Improvement Plan. Under 

the SIP Program, Section 3.2 “Any employee who has a rate of two or more accidents or incidents within six months or 

recordable incidents within twelve months will be identified as needing to be involved in SIP”. 

 

I understand that I have incurred the following incidents that have identified me as an “at risk” employee. 

# Date Injury Type Description of Injury 

1 14 Sept 14 First Aid Recordable Lost Time Property Damage Broke wrist during moving iron bar 

2 23 Nov 14 First Aid Recordable Lost Time Property Damage Sprained Shoulder while lifting iron bar 

3 7 Jan 15 First Aid Recordable Lost Time Property Damage Obstructed crane while carrying iron bars 

4 13 Mar 15 First Aid Recordable Lost Time Property Damage Burnt hand by touching hot iron case 

 

I, Devidas Dhote have chosen to complete the following actions to fulfill my obligation to the SIP Program. 

 

 Conduct 4 department safety inspections. 

 Participate in department safety training. 

 Implement 2 or more safety improvements for their department. 

 Give a safety talk to your department. 

 Complete a work site analysis for specific work area. 

 Complete ajob safety analysis for a specific hazardous job. 

 Identify four unsafe conditions or acts happening in your area, and determine ways to prevent them. 

 Attend a safety committee meeting. 

 Assist in hazard assessment. 

I, Devidas Dhote understand that if at any time I choose to stop participation in, or activity related to this SIP I will be 

subject to additional action to include disciplinary action as deemed by Human Resources. 

 

SIP Participant:  Devidas Dhote     EHS Representative: Milind Nikose 

Supervisor:  Sudhir Rajat     HR Representative: Naresh Shiple 

 

 

 

FIG:9 Safety Control  Sheet 

3.4.Improve Phase 

A.Data evaluation 

Unit - Employee 

          Defects – Employee recordable injury. 

Number of employees = 291 

Number of injuries recorded =31 

  

Opportunity for error in unit = 0.6/workday (250/year)  

Defects per unit:  

DPU= Total defects/total units  

        =31/291 

        = 0.1065 

Defects parts per million (ppm) 

= (DPU/year *10^6)/opportunity for error in 1 unit 

=  610.13 ppm 

Using given formula for conversion of ppm into sigma 

= 0.8406 + square root ((29.37-(2.221ln (ppm))) = 4.7 

 3.5 Control Phase 

Control Phase is the last phase of DMAIC Methodology 

implemented in our project. Here we try to sustain the 

developments made in improve phase and aim towards 

continuous improvement. It is made sure that the sigma value 

never degrades in the factory. The tools used here to ensure 

continuous improvement are Safety Improvement Plan and 

Post Kaizen EHS Checklist. 

A. Safety Improvement Plan 

FIG:10 Safety Improvement Plan Agreement Non-Supervisor Program 

4.CONCLUSIONS 

We have successfully implemented the methodologies of 

Lean and Six sigma methodologies to decrease the number of 

accidents occurring in the industry.  

To tabulate the information of pre-improvement and post-

improvement stage we consider Number of accidents as well 

as the change in sigma level of the industry. 

TABLE 3 

RESULTS AFTER IMPROVEMENT PHASE 

Safety 

Parameters  

Before 

Improvement  

After 

Improvement  

Notes  

Number of 

accidents per 
Year 

155 31 Reduced by a 

factor of 5 

Sigma Value 4.2 4.7 Increased by 

0.5 

By implementation of the methodologies of Lean and Six 

Sigma in a continuous improvement plan we can achieve six 
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sigma level of perfection in a manufacturing industry. The 

control phase insures that the sigma level never degrades in an 

industry  and hence with some time the industry can aim for 

zero injuries and accidents.  
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