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1 Introduction 

Six Sigma is one of the most significant and successful quality-field innovations. The 
problem-solving methodology of Six Sigma has utilized DMAIC methodology to 
improve the quality of its products and services. The empirical implementation of Six 
Sigma and DMAIC was used to eliminate product defects inside a rubber glove manu-
facturing organization demonstrated by Jirasukprasert et al. [1]. Virender Narula et al. 
explained Six Sigma is a disciplined, focused, and scientific problem-solving tech-
nique that employs statistical and non-statistical techniques, as well as methodology, 
to reduce the number of defects in any process to 3.4 defects per million opportuni-
ties [2]. Siregar et al. explained a method that has been widely used and continues 
to grow in various fields of research and summarize the results obtained from the 
successful implementation of the proposed integrated framework that provides an 
impetus for bringing about a cultural change in the organization [3]. Kumar Dhiraj 
et al. examined the methodology, challenges, and benefits of Six Sigma methods, as 
well as the critical aspects that influence successful Six Sigma project implementa-
tions. By continuously refining the corporate culture, effective Six Sigma concepts 
and practices will succeed. Before cultural changes are deeply embedded in an orga-
nization, patience and dedication are required [4]. Park et al. explained that the glut 
of data and the absence of tools for transforming the vast amount of data and signals 
into valuable information and decisions are overwhelming statisticians, industrial 
engineers, and others in analytic fields. This is also true when it comes to putting
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Six Sigma into practice [5]. Iwaarden et al. explained that Six Sigma is to create 
value by improving quality. Employees would be trained on tools and procedures, as 
well as a problem-solving methodology, to achieve this. Six Sigma employs quality 
engineering methodologies inside a specified problem-solving structure to identify 
and remove causes of variation, resulting in increased production, operational effi-
ciency, and customer happiness, among other things [6]. Sunil Thawani illustrated 
that Six Sigma has been intentionally employed to improve organizational culture by 
instilling process control discipline in both manufacturing and non-manufacturing 
industries. The question is not whether Six Sigma should be considered or not; it is 
when and how because a company cannot accomplish today’s job with yesterday’s 
methods and expect to stay in business tomorrow [7]. 

XYZ manufacturers manufacture hydraulics and transmission components such 
as housing valves, blank for housing, side cover, and gear housing. Out of these, the 
housing valve has been considered for the study because of its high rejection rate. 

2 Problem Background 

A detailed ground study was made and the following problems were identified. Based 
on the data collected, the defect in the housing valve was found to be 4270.83 ppm. 
This affects the performance and productivity of the housing valve and increases the 
cost of poor quality (COPQ) which was found out to be Rs. 627,300. The product 
selection was based on the past three months’ (November, December, and January) 
rejection data. With the help of the data, the housing valve was selected due to the 
higher rejection rate. Rejection rates of different products are shown in Fig. 1. 

The objective of this study is to reduce the defects in the housing valve from 
4270.83 to 200 PPM and to reduce the COPQ from Rs. 627,300 to Rs. 10,500. 

Fig. 1 Rejection rate for 
selected housing valve 
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3 Six Sigma Implementation 

3.1 Define Phase 

The define phase sums up the project plan. This step focuses on clearly defining the 
problems; the process improvement project’s priorities what the project’s scope is, 
and identifying customers (internal and external) along with their needs. The project 
charter outlines the high-level project performance criteria. It is a key document that 
defines the scope and intent of any project. Figure 2 shows the project charter for the 
current research. 

After the project charter, a method called SIPOC is used to summarize the inputs 
and outputs of one or more processes. A SIPOC diagram is a method that a team uses

Fig. 2 Project charter
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Table 1 SIPOC diagram 

Supplier Input Process Output Customer 

Material–Danfoss • Raw  material  
• Lubricant 
• Tools 
• Manpower 
• Measuring gauges 
• Conveyors 
• CNC machines 
• CNC programs 
• Design drawings 

Refer to the detailed 
process map 

Housing valve Danfoss Ltd 

to define all important elements of a process improvement project before beginning 
work. Table 1 shows the SIPOC diagram for this project.

3.2 Measure Phase 

Once the business needs, goals, and scopes are defined, the next phase is to collect the 
data relevant to the problem identified. This stage focuses on defining the parameters 
that need to be quantified, how they can be measured, collecting the appropriate data, 
and conducting measurements using various techniques. The first step is determining 
the significant few items will make up 80% of the total, while the trivial many will 
make up only 20%. Figure 3 shows the Pareto chart for the defects in the housing 
valve. 

It is clear from this chart that surface roughness creates 65.1% (2778 PPM) of 
the total defects caused by the housing valve. Therefore, this defect is considered for 
further study. Process mapping is a technique used to imagine the steps involved in a 
particular task or method in a Six Sigma project. Figure 4 shows the detailed process 
map of the housing valve. 

MSA is defined as an experimental and mathematical method for determining the 
magnitude of variation within a measuring process. Ashok Sarkar et al. illustrated 
the variation in the measurement process will lead directly to the overall variability 
of the processes. MSA is used to evaluate the measurement device to be used by 
determining the accuracy, precision, and reliability of the device [8]. 

The measurement system analysis has been performed with the help of Minitab 
software. The results obtained from the MSA study were analyzed and compared 
with the Automotive Industry Action Groups (AIAG) standards for the acceptance 
and the rejection of the current measurement system. The comparisons of the results 
were shown in Table 2. The results obtained from the measurement system analysis 
show that the current measuring system was considered for further analysis. 

To determine the current performance level, a data collection strategy has been 
carried out and with the collected defect data, the current sigma level and cost of 
poor quality were determined. If the number of products, defects, and opportunities
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Fig. 3 Pareto chart 

Fig. 4 Detailed process map of housing valve
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Table 2 Comparison of results with AIAG guidelines 

AIAG guidance for gage R&R 

Accept Consider Reject Current performance 

% tolerance % study variance <10% 10–30% >30% 16.36 and 14.11% 

% contribution <1% 1–9% >9% 2.68% 

Distinct categories >10 4–9 <4 8 

Table 3 Current 
performance and target 
performance 

Metric Current performance Target performance 

DPMO 4270 PPM 200 PPM 

Sigma level 4.1 5 

COPQ Rs. 627,300 Rs. 10,500 

is known, it is possible to measure both the DPMO and sigma levels. The sigma level 
has been calculated using Eq. 1.

DPMO = (Z × 1000000)/(X × Y ) (1) 

where DPMO, Z, X, and Y are defects per million opportunities, the number of 
defects, the number of units, and the number of opportunities, respectively. 

With the rejection of the defect data for November, December, and January, the 
DPMO is found out to be 4270.83 PPM and sigma level 4.1. Anders Haug et al. 
explained the metric, cost of poor quality (COPQ), which sets out the importance of 
poor quality as regards monetary value [9]. The cost of poor quality for this project is 
calculated and it found out to be Rs. 627,300. Table 3 shows the current performance 
level and the target performance level of quality metrics. 

Yerriswamy Wooluru et al. explained a significant methodology that is used to 
assess how well a process meets a set of design limits is called process capability 
analysis [10]. Figure 5 shows the Cp and Cpk values for the existing performance. 

3.3 Analyze Phase 

With the available data from the measure phase, this phase finds the root cause of 
inefficiency in the company. A brainstorming session was conducted with the shop 
floor members and the experts. With the help of it, certain possible causes were identi-
fied for the poor surface roughness. The possible causes for the problem are material 
hardness, depth of cut, cutting oil flow rate, spindle speed, material removal rate, 
axis positional error, improper setting, program parameters not optimum, improper 
loading, and unloading, axis backlash, type of grinding wheel, and grit size.
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Fig. 5 Process capability analysis for existing performance 

A cause-and-effect diagram is a graphical tool for showing a list of causes asso-
ciated with a specific effect. Several possible causes are grouped into categories by 
the graph. Figure 6 shows the fishbone diagram. 

Fig. 6 Cause-and-effect diagram for poor surface roughness
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Multi-voting is a method of voting/brainstorming that prioritizes concepts. This 
process prioritized depth of cut and spindle speed as the major causes. Hypothesis 
testing refers to the process of using statistical analysis to decide if the variations 
found between two or more samples are due to random chance (as described in the 
null hypothesis) or to real differences in the samples (as indicated in the alternative 
hypothesis. The result from the hypothesis test verifies the causes for the problem. 
They are termed as vital causes. The vital few causes for the surface roughness 
problem are X1: Depth of cut and X2: Spindle speed. 

3.4 Improve Phase 

Improve phase strengthens the process by finding possible solutions which were 
found out in analyze phase. Process owners are consulted in this phase and suggested 
improvements. An action plan is distributed to key stakeholders for improvement. 
Design of experiments (DOE) helps to recognize the different factors that influence a 
specific process or system’s efficiency and outcomes. Optimum working conditions 
for depth of cut and spindle speed were found to be 0.5 mm and 1250 rpm, respec-
tively. A process capability test was performed for the optimum parameter conditions 
to check the performance improvements. Figure 7 shows the process capability for 
the validation experiment. The process capability test shows improvement in the 
process capability index and process performance. The values of Cp, Cpk, and Pp are 
found out to be 1.55, 1.66, and 1.16, respectively. 

3.5 Control Phase 

Post-implementation results shall be analyzed during this phase. Progress is sure 
and adjustments are implemented, if any, it needs correction or alteration. In most 
situations, the control phase is a transformation process. A monitoring program is a 
data-gathering method to track the enhanced process’s current performance. It lists 
the measure, the goals for each measure, how to test each measure, how and who 
should test the measurements. It sets the stage for a plan of response. 

4 Results and Discussion 

After implementing the process changes and optimized parameters, the following 
results were achieved. Table 4 shows the comparison of current performance, attained 
performance, and target performance. 

Figure 8 shows the improvement in process capability index, process perfor-
mance, and sigma level after optimizing the working parameters. It was clear from
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Fig. 7 Process capability test for surface roughness 

Table 4 Comparison of 
results 

Existing Target Attained 

DPMO 4270 PPM 200 PPM 521 PPM 

Sigma level 4.1 5 4.78 

Fig. 8, after optimizing the process parameters, the process capability index, process 
performance, and sigma level have been improved significantly. 

5 Conclusions 

Six Sigma methodology was followed in this case study. The DMAIC methodology 
starts by defining the problem in the selected industry. The data for the identified 
problem was collected, and the ability of the measurement system was analyzed. 
The root causes were identified, and the hypothesis test was performed to quantify 
the root causes. The special causes were identified, and the process parameters were 
optimized using the design of the experiment using Minitab software. After imple-
menting the optimized parameters, the rejection rate was decreased from 4270 to 
521 PPM which in turn improved the sigma level from 4.1 to 4.78.
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Fig. 8 Comparison of 
parameters before and after 
optimization 

The ultimate goal of an organization is to improve its profit. Further study can be 
performed on hole position and bore size problem in housing valve. This can further 
reduce the cost of poor quality and improve the business performance and Six Sigma 
level. The study can be further carried out on other products which have a rejection 
rate less than the housing valve to increase the quality. 
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