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Abstract- Six Sigma is a systematic, data-driven methodology with a set of tools and techniques for process improvement. 

It is proven beyond doubts that six sigma contributed to the bottom line across the industries. The contribution to the 

bottom line is achieved using either DMAIC or DFSS. This paper reports the application of the DMAIC approach in a 

forging industry, which supplies forged components to OEM’s. As a part of this work, the study was conducted on one of 

the components Rocker arm ‘MARA1001’. The data was collected for a period of three months from January 2015 to 

March 2015, to identify different defects and calculate sigma level. The present sigma level was computed and observed to 

be 3.7 and the rejection percentage of Rocker arm was 9.3%. In this work the objective was set to reduce the rejection 

level to 5%. In order to achieve this, first all the processes involved were studied and process map was constructed. Then, 

Pareto analysis was done to identify vital causes contributing defectives. From the Pareto analysis, it was found that 

mismatch and under-fill are the major causes for rejections. Further brainstorming sessions were held to identify the root 

causes. After the brainstorming session, cause and effect diagram was constructed and reasons were put to vote. The 

Group has voted ‘billet temperature’ and ‘hammer height’ has the two main causes for underfill and ‘incorrect die 

setting’ has the main cause for mismatch. In order to set the optimum value of process variables for ‘billet temperature’ 

and ‘hammer height’ statistical Design of Experiment (DOE) were performed, the values were selected at three levels that 

are high, medium and low and variables solution was found. In order to reduce the mismatch, training on die setting was 

suggested. With this the company was reduced its rejection percentage of Rocker arm from 9.3% to 5.2% and hence 

sigma level was improved from 3.7 to 4.0, leading to a cost saving of INR 1,03,560/- annually.  
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I. INTRODUCTION 

The foundations of Six Sigma can be taken after back to eighteenth century in Europe. The conceptual normal curve 

metric was presented by Carl Frederick Gauss. Six Sigma stepped ahead with indicating how three sigma deviations 

from the mean required a process correction by Walter Shewhart. Despite the fact that Walter Shewhart, Henry Ford 

and Fredrick Taylor played a very important part in the development of six-sigma in the mid twentieth century, The 

Bill Smith(Vice President of Motorola Corporation), who is considered as the Father of Six Sigma [1]. Later 

Motorola corporation in the mid-nineties six sigma was embraced by Allied Signal and GE. Six sigma aims to 

reduce the number of defects to as low as 3.4 parts per million opportunities by reducing errors, waste and rework. 

There is a myth or wrong impression in the minds of many people and many organisations that six sigma is a 

certified course/process which is totally wrong whenever there is a process with defects, Six Sigma can be adopted 

to improve the process and to meet the customer satisfaction consistently. 

Six Sigma triumphs depend on the following principles Six Sigma [2]: 1. A continuous focus on customer 

requirements. 2. The extensive use of measurement (facts). 3. To eliminate special causes of variation and 

improving the process. 4. Involving individuals in Six Sigma teams and giving training. 5. Being exhaustive and 

should be ready for any sudden change in process. 

There are several methods to measure the process, first is the Sigma value which indicates the performance of the 

process, as the sigma value increases the performance of process will also be increased. The Six sigma implies 3.4 

DPMO (Defects per million opportunities) or 99.9997% (Good Parts) of yield. Following table shows Sigma level 

for number of defects part per million opportunities and capability of the process [3] [4]. 

Table 1.1: List shows sigma level for defects part per million opportunities 

Sigma level DPMO Capability 

1 697700 Non Competitive 

2 310000 
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3 67000 Industry Average 

4 6200 

5 230 World class 

6 3.4 

Six sigma DMAIC methodology refers to a data-driven quality strategy for improving processes. This methodology 

is used to improve a current existing process. In literature and public domain most of well known tools and 

techniques which are already applied in other contexts can be applied for six sigma projects easily [5] [6]. Six Sigma 

gives a customer centric, well defined approach supported by a set of tools for process improvement. Pareto 

diagrams, Flowcharts, cause and effect diagrams, check sheets, scatter diagrams; statistical process control and 

histograms are some of the tools used at yellow belt level, Design of Experiments, Regression analysis, control 

charts and hypothesis testing are some of the advanced tools used in the Black-Belt level and these tools are used to 

improve the process performance[7].  

DMAIC (Define-Measure-Analyze-Improvement-Control) is a kind of problem-solving approach and quality-based 

methodology. DMAIC approach is strongly associated with Deming‟s Plan Do Check Act cycle. PDCA is a well 

known fundamental concept of continuous improvement process with the aim of looking for better solutions for 

improvements [8]. Five different phases of DMAIC in which they are connected to each other in the following way 

[9]:  

Define Phase: In define phase, the DMAIC process includes defining the role of six sigma team, set the boundary for 

the six sigma team, the scope of the project, and identify customer requirements [10]. Tools and techniques used in 

define phase: Project charter, SIPOC model, Voice of Customer (VOC), Process flow CTQ tree [11]. 

Measure Phase: Tools and techniques used in measure phase: Pareto chart, Process flow chart, Statistical Quality 

Control (SQC) tools [11]. 

Analyse Phase:. Tools and techniques used in the analysis phase: Pareto Chart, Brainstorming, Root Cause Analysis, 

Five-Why Analyze Technique, Failure mode and effect analysis, Hypothesis Testing [11]. 

Improve Phase: Tools and techniques used in Improvement phase: Taguchi‟s technique, Brainstorming, ANOVA 

[12], and DOE. 

Control Phase: In this phase, the controls are initiated so that the process does not go back to its old state. Planning, 

documentation, process control and system review are some of the major areas where control phase included. 

Consistent review of different measures in improves stage.SQC graphs [11]. 

 

II. SIX SIGMA DMAIC METHODOLOGY – A CASE STUDY 

The case organization is a Rocker arm manufacturing company. In which there are many rejections in the “Rocker 

arm” due to some defects which results in low productivity. Following are the defects that need to be addressed as 

soon as possible to reduce the rejections: Mismatch, Underfill, Fold, Scale, Trimming over cut, Damage, Magna flux 

crack.  

 

2.1 Define Phase 

This phase determines the role of six sigma team, set the boundary for the six sigma team, the scope of the project, 

and identifies customer requirements and assessment of the current level of process performance. 

The current sigma level of Rocker arm 

Total Number of units produced = 22574, Number of Opportunities per unit = 7, Total Number of defects produced 

= 2102 

Total number of opportunities = No. of units × Opportunities per unit = 22574 × 7 = 1, 58,018 

Percentage defective = (No. of defects / Total no. of opportunities) × 100 = (2102 / 1, 58,018) × 100 = 1.33 

Percentage yield =   100 – Percentage defective =   100 – 1.33 =   98.67 

DPMO (Defects per Million Opportunities) = (Number of defects / Total number of opportunities) × 10^6 

                                                                     = (2102 / 1, 58,018) × 10^6 = 13,300, Sigma level = 3.7 (from table 1.1) 

The rejection percentage of rocker arm: Avg total production = 22574, Avg total rejection = 2102 

Rejection percentage = (Avg total rejection / Avg total production) × 100 = (2102 / 22574) × 100 = 9.3 % 

 

2.1.1  Development of a Project Charter 

The reason for an undertaking project charter is to define the focus, scope, direction, and motivation for a team. 
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Table 2.1 Project Team charter 

 

Company 

name: 

 

Case Industry 

Date 

Business case: 

High rejections in Rocker arm, creating huge cost to the organization, thereby 

creating high customer dissatisfaction. Reducing rejections will lead to 

improvement in productivity. 

Problem 

statement: 
Reducing the rejection percentage of Rocker arm 

Current performance 

Sigma level: 3.7 

Goal: To improve the sigma level of the process 
Goal performance 

Sigma level: 4.0 

Stages 

Planned Actual  

Team members 

 
Start Finish Start Finish 

Define     Project Team and 

employees of concern. 

 
Measure     

Analyse     

Improve     

Control     

 

2.1.2 High Level Process Map or SIPOC (Supplier–Input–Process–Output–Customer) Diagram 

Each process needs to have input and output. SIPOC diagram map describes the transformation process of the input 

raw material is purchased from the supplier, processed the product and finally output finished product is dispatched 

to the customer.  

Table 2.2 SIPOC diagram 

Supplier Input Process Output Customer 

Supplier Raw material Cutting process Billet Heating process 

Heating process Billet IBH process Heated billet Forging 

Forging Heated billet Forging process Forged Rocker arm Trimming 

Trimming process Forged Rocker arm Trimming process Trimmed Rocker arm Normalizing 

Normalizing Trimmed Rocker 

arm 

Normalizing 

process 

Normalized Rocker 

arm 

Shot blasting 

Shot blasting Normalized Rocker 

arm 

Air blasting 

process 

Shot blasted Rocker 

arm 

Coining 

Coining Shot blasted 

Rocker arm 

Coining process Dimension checked 

part 

Visual inspection 

Visual inspection Dimension checked 

part 

Inspection process Inspected part Magnetic 

particle 

inspection 

Magnetic particle 

inspection 

Inspected part Non-destructive 

testing (NDT) 

process 

Non-destructive tested  

part 

Final inspection 

Final inspection Non-destructive 

tested  part 

Inspection process Final part Dispatch 

 

Measure Phase: This phase is a data collection phase.  

 

2.2.1 Detailed Process Mapping 

The process map has a particular beginning point and a completion point. For mapping the activities first all the 

processes and sub processes involved in the Rocker arm manufacturing was visually studied and detailed process 

map is constructed as shown in (fig. 2.2).  

 

http://en.wikipedia.org/wiki/Non-destructive_testing
http://en.wikipedia.org/wiki/Non-destructive_testing
http://en.wikipedia.org/wiki/Non-destructive_testing
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Fig. 2.2 Detailed process map 

 

2.2.2 Data collection plan 

For conducting the study, were decided to collect information on rejection percentage of rocker arm for 3 month by 

visual inspection to identify defects in each and every part.  

 

Table 2.3 Data collection plan 

Project name : DMAIC framework for monitoring and reducing rejection percentage 

of Rocker arm 
Date : 01/11/2014 

Data collection plan 

Characteristics Data Type How Measured Sampling notes 

Rejection percentage of 

Rocker arm 
Attribute Visual inspection 

100% of units  for three 

months 

 Analyze phase  

In the analyse phase, the data collected has to be analysed to identify potential causes which are creating problem.  

 

2.3.1 Pareto analysis 

 
Fig. 2.3 Pareto chart 

Pareto principle states that 20% of defects causes 80% of rejections hence Pareto analysis was carried out to 

prioritize the defects. From the chart we can say that 1st significant defect is Underfill and 2nd significant defect is 

mismatch. From this plot underfill and mismatch are identified as 20% defects causing 80% of rejections. 
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2.3.2 Cause and Effect diagram 

From pareto we identified mismatch and underfill are causing maximum defects for that cause and effect diagram 

was plotted to identify the root cause 

 

  
Fig.2.4 a) Underfill Fig. 2.4 b)Mismatch 

 

2.3.3 Multi-voting 

Even after identifying the causes for underfill such as operator skill, inadequate training, scale deposited in 

impression, raw material hardness, die block hardness, non uniform flow of material, incorrect die design, less 

blocker volume, billet temperature, flash land thickness, finisher thickness, M/C capacity or overload on machine, 

machine condition, preventive maintenance and setting verification and the causes for mismatch such as incorrect 

die setting, dowel loose, key loose  improper training, inherent property of material, material hardness, improper die 

design, die locks and blocker mismatch, hammer alignment and side wedge loose from cause and effect diagram. It 

is not possible to focus on all the causes at a time. We have to brainstorm and come to a consensus decision as to 

which of the special causes need to be given priority. This is a difficult task to identify the cause which is causing 

more defects. So we decided to go for multi-voting. For this we decided to go for rating from 1 to 5. We took the 

rating 5 has maximum and 1 has minimum. Format was prepared for this and asked the members of quality 

department to vote for the different causes. From multi-voting technique „billet temperature‟ and „insufficient blow‟ 

are the 2 main causes for underfill and  „improper training‟ and „incorrect die setting‟ are the 2 main causes for 

mismatch. 

Improve Phase  

 

2.4.1  Design of experiment 

In order to address „billet temperature‟ and „insufficient blow‟ causes to overcome underfill defect we design an 

experiment. The objective of experiment is to find the optimum value of process variables (factors). Hammer height 

and billet temperature were selected as process variables. 3 levels that are high, medium and low for the above 

process variables are taken and the values are shown below. 

 

Table 2.4 The measurements of Underfill at three levels 

Factors Levels Values 

Height 3 7, 8, 9 

Temperature 3 825, 975, 1100 

 

Table 2.5 The measurements of Underfill at three levels 

Sl. No. Run Order Height (ft) Temperature (°c) Underfill (g) 

1 1 7 825 9.9 

2 2 9 975 0.2 

3 3 8 1100 1 

4 4 7 975 8.7 

5 5 8 825 4.8 

6 6 9 1100 0 

7 7 7 975 8.03 

8 8 8 1100 1.05 
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9 9 7 1100 9 

10 10 7 1100 9.1 

11 11 7 825 9.2 

12 12 8 1100 1.99 

13 13 7 1100 9.03 

14 14 7 825 9.03 

15 15 9 825 4.5 

16 16 8 825 4.7 

17 17 9 975 0.11 

18 18 8 975 2.3 

19 19 9 1100 0 

20 20 9 975 0.2 

21 21 9 825 4.99 

22 22 8 975 2.2 

23 23 9 1100 0 

24 24 8 975 2.1 

25 25 7 975 8.2 

26 26 8 825 4.07 

27 27 9 825 5.05 

 

2.4.2 Analyzed the recorded data using 

 

Normal probability plot: Residuals versus fitted values Residuals versus order of data 

  

 

For the underfill (Response variable) 

data, the all the points are close to a 

straight line which indicates that the 

experimental data meets the 

normality assumptions. 

From the above plot it shows that 

data roughly meets the constant 

variance assumptions. 

For the experimental results, the 

residuals appear to be randomly 

scattered about zero. There is no 

evidence of order influence. 

 

2.4.3 Analysis of variance 

Table 2.6 Analysis of variance (ANOVA) 

Sl no. Source DF Adj SS Adj MS F-Value P-Value 

1 Height 2 276.329 138.165 1369.52 0.000 

2 Temperature 2 44.996 22.498 223.01 0.000 

3 Height*Temperature 4 18.398 4.599 45.69 0.000 

4 Error 18 1.816    

5 Total 26 341.539    

 

Since p-value is less than 0.05, we have enough evidence that height, temperature and combination of height and 

temperature has a significant effect on responsible variable underfill. 

 

2.4.4 Main effects plot 

The main effects plot is most useful when we have several categorical variables. We can then compare the changes 

in the level means to see which categorical variable influences the response the most. Main effects are only 

interpretable if the interaction effects are not significant.  
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Minitab creates the main effects plot by plotting the fitted mean for each value of a variable in the model. Minitab 

can plot data means for variables that are not in the model. A line connects the points for each variable. Look at the 

line to determine whether or not a main effect is present for a variable. 

 
Fig. 2.5 Main effect plot 

The main effects plot for the underfill is shown above. The plots indicate the following: 

Height has the greatest effect on underfill. At height 9ft the amount of underfill is less compare to at height 7ft and 

8ft. but amount of underfill is nearer to zero. 

Temperature also has an effect on underfill. At temperature 1100ºc there is slight decrease in underfill compare to 

temperature 975ºc. 

 

2.4.5  Interaction plot: 

Used to visualize the interaction effect of two process variables on the response and to compare the relative strength 

of the effects. Minitab draws an interactions plot for two process variables, or a matrix of plots for three or more 

process variables.  

 
Fig. 2.6 Interaction plot 

The plot indicates that the change in amount of underfill depends on both hammer height and billet temperature.   

From the graph identified that at height 9ft and the temperature 1100°c the amount of under fill has been reduced to 

zero and also at height 9ft and at the temperature 975°c the amount of underfill has been nearly equal to zero. At 9 ft 

height and temperature 1100°c the amount of underfill is found to be zero that is from 3.81% of underfill has 

reduced to 0%. Hence we achieved our objective. So we suggested to follow this combination of height and 

temperature. 

The following are the suggestions that we can give for defect mismatch: 1. Set the die properly. After continuous 

process the die lock and key gets loose, so check frequently and adjust the die. 2. Preventive maintenance should be 

done at the regular intervals to keep the hammer in good condition. 3. Machine the sub sow block at regular 

intervals of time. 5. Key taper should be correct. 6. Tighten the machine parts at regular intervals of time. 

 

2.4.6 Sigma level calculation  Cost saving calculation 

Sigma level was calculated after implementing the suggestion: 

Total number of units produced = 22574, Number of Opportunities per unit = 7, Total number of defects = 1239. 

The DPMO was calculated and found to be 7,800 for this the Sigma level = 4.0 (from table 1.1) and Percentage 

yield =   100 – Percentage defective =   100 – 0.78 =   99.22%. 

Cost saving calculation was carried out initially before the implementation of suggestion and Cost of defective 

components found to be Rs 21020. After implementing the Cost of defective components come down to 12390, 

Therefore, Manufacturing cost saved annually = 8630*12 = Rs 1, 03, 56/- 

 

2.5. Control Phase  

In this phase the improvements that are suggested to be followed and maintained.  



International Journal of Engineering, Applied and Management Sciences Paradigms (IJEAM) 

Special Issue ICRMR-2019 (Goa University, Goa) 224 ISSN 2320-6608 

 For underfill the improvements suggested are: 1. From the design of experiment we found that the amount of 

underfill has been reduced at the height 9ft and at temperature 1100°c. Hence suggested the company to follow 

above combination of height and temperature to reduce the underfill defect. 2. Provide class room training with help 

of power point presentation and case studies and focus more on job training for employees so that they can 

understand the changes well. 3. Fix the duration of training. 

For Mismatch the improvements suggested are: 

1. Train the operator on machine setting and die setting. 2. Train the maintenance operator to do preventive 

maintenance as per the planned schedule to keep machine in good condition. 3. Train the operator to spray the 

optimum lubricant. 4. Automate the setting process. 

 

III. CONCLUSION 

The study reports the application of DMAIC (Define-Measure-Analyze-Improvement-Control) approach in a 

forging industry which supplies forged components to OEM‟s (Original Equipment Manufacturer). As a part of this 

work, the study was conducted on one of the components Rocker arm „MARA1001‟. The data was collected for a 

period of three months, to identify different defects and calculate sigma level. The project charter was constructed 

stating goal, objective and sigma level of process. The Problem was high rejection of rocker arm „MARA1001‟, we 

identified that there are 7 different types of forging defects such as underfill, mismatch, fold, scale pit, trimming 

overcut and magna flux crack which are causing high rejection of rocker arm.   The rejection percentage and current 

sigma level was computed and observed to be 9.3% and 3.7 respectively. The project charter was constructed stating 

goal, objective and sigma level of process. All the processes are studied and SIPOC (Supplier–Input–Process–

Output–Customer) diagram was constructed to describe the suppliers, transformation process from raw material to 

finished product and final customer then the detailed process map was constructed.  Then, Pareto analysis was done 

to identify vital causes contributing defectives, from this it was found that mismatch and under-fill are the major 

causes for rejections. Further brainstorming sessions was held to identify the root causes. After the brainstorming 

session, cause and effect diagram was constructed and reasons were put to vote. Group has voted „billet temperature‟ 

and „hammer height‟ has the two main causes for underfill and „incorrect die setting‟ has the main cause for 

mismatch.  In order to reduce mismatch, training on die setting was suggested. In order to address „billet 

temperature‟ and „insufficient blow‟ causes to overcome under fill defect design of experiments was carried out.   

From the design of experiment we found that the amount of underfill has been reduced to zero at the hammer height 

9ft and at billet temperature 1100°c. The percentage of underfill was 3.81%. Now it was reduced to zero percentage. 

Hence the total rejection percentage of rocker arm will be reduced from 9.3% to 5.49% and sigma level will be 

increased to 4.0. With this the company was reduced its rejection percentage of Rocker arm from 9.3% to 5.49% and 

hence sigma level was improved from 3.7 to 4.0, leading to a cost saving of INR 1,03,560/- annually. 
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