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Abstract:
High-level competition in business requires improving the quality of the organization’s product or
service. Six Sigma with the DMAIC approach is a strategy that has been effective in improving
product and service quality, and the concept of ”Six Sigma” as an integrated strategy is still being
developed. This article has tried to achieve qualitative and quantitative improvements in the oil
production process of an FMCG company by using the Six Sigma method and implementing the
DMAIC cycle. Therefore, we will first examine the basic concepts of Six Sigma, how to implement
the DMAIC cycle, and the effective elements of production, and then identify the problems related
to reducing stoppages, waste, and completing empty capacities in the oil industry.
Finally, we will consider increasing the production capacity to improve the overall effectiveness of
the equipment. In the next step, with the help of mental storm sessions, the causes of the stops are
investigated, and with the help of cause-and-effect diagrams, Pareto and MINITAB software, the
main causes of the problem are identified and effective improvements are suggested.

Keywords: Six Sigma; DMAIC cycle; Pareto chart; Overall Equipment Effectiveness (OEE); SMART method; Process
flow chart; Decision tree; FMEA failure analysis

1. Introduction

The expansion of economic activities is not a new phe-
nomenon, but without a doubt, globalization is the most
important and most obvious economic distinction between
the world today and yesterday. Increasing competition at
the economic and international level is one of the most im-
portant achievements of economic globalization. In order
to deal with this storm of transformation and massive trans-
formations and not to surrender to this wave of invasion,
the competition between organizations has long shared one
point, and that is to maintain approaches and focus all efforts
towards achieving results. The results that lead to creating a
competitive advantage and are effective and decisive in the
performance indicators of the organization, including earn-
ing more money. The speed and quality of achieving per-
formance indicators in a competitive world depends on the
selection of detection methods and the use of organizations’
capabilities and key competencies. Documenting methods

and programs to clarify quality goals, customer orientation,
attention to processes, transformation from a task-oriented
organization to a process-oriented organization, continu-
ous improvement approach, use of DMAIC improvement
cycles, etc. are among the actions which has changed the
situation of organizations and created significant qualitative
leaps. Creating ISO standard quality management systems
that have evolved day by day and played a very valuable
role in organizing organizations [1].
In the 1960s to the 1980s, Total Quality Management
(TQM) with zero-defect thinking had a significant impact
on organizations. However, in the 1980s, in an environment
where quality management with its classical concepts could
not respond to rapid economic changes, this thinking un-
derwent changes. With this change, the PDCA method was
presented as a general framework for process improvement
[2]. With the idea that there is always a superior thought
above any thought, a type of re-engineering was done in
TQM, which ultimately led to the creation of the Six Sigma

https://dx.doi.org/10.57647/j.ijic.2024.1504.23
https://orcid.org/0000-0001-8003-8153
mailto:h$_-$esmaili@iau-tnb.ac.ir


2/26 IJIC15 (2024) -152423 Esmaili et al.

methodology [3].
In industries, the rate of production is a critical indicator
because it determines how long the industry will last and
how fast it will grow. This is why company owners are
always looking for better ways to produce their goods to
minimize waste and thus make the company more produc-
tive. One of the most important methods that can increase
the productivity of a company is the Six Sigma method [4].
Today, by combining the two areas of lean production and
Six Sigma, they have been able to create a significant im-
provement in the industry, because lean production is a
way of thinking and principles that are used to improve the
performance of a process through the elimination of waste
and errors, and on speed, The flow and cost of a process
is focused. On the other hand, Six Sigma is a method to
increase process capability by analyzing processes by iden-
tifying problems and implementing improvements to solve
problems, focusing on quality consistency and how to meet
customer needs. A combination of Lean and Six Sigma
will benefit organizations in determining the most appro-
priate method for identifying and solving problems, so the
outcome of a process can provide customer satisfaction as
long as profits are maximized. Therefore, in 2024, Ivana
Tita Bella Vidyavati et al. examined this area in the food
industry and introduced the DMAIC approach as a powerful
tool [5].
The increasing competition in the industrial sector world-
wide influences the business players to choose the right
strategy. Providing quality products and services is one of
the strategies to stay ahead of competitors [6]. Quality is
important to business success and can be achieved if a pro-
cess has good capabilities and meets specified requirements.
Good performance in an industry is defined by examining a
process that can produce products with low waste and mi-
nor defects. Efforts are required through structured steps to
achieve consistent quality products. In the planning phase,
a quality planning method is required. In the implementa-
tion phase, quality assurance is required. In the evaluation
phase, quality control is essential [7]. Six Sigma is a proven
approach for the world’s largest companies to control pro-
cesses and produce quality products.
Six Sigma is a profit maximization technique to identify
waste and minimize it with the aim of achieving customer
satisfaction, which was first successfully implemented by
the Motorola mobile phone company in 1986. Since then,
other companies have adopted it [8]. This technique fol-
lows a statistical approach and is achieved by minimizing
variations and providing quality services or defect-free prod-
ucts. By reducing defects, less material is wasted and hence
the optimization value of raw materials is fully utilized.
Because Six Sigma seeks to improve the organization’s ca-
pabilities and meet changing consumer demands, it uses
data to provide better solutions, and statistically, achieving
Six Sigma means that the products or outputs obtained have
almost no defects. These are the results that every organiza-
tion would like to achieve [9]. Six Sigma is a systematic and
structured method, commonly known as DMAIC (Define,
Measure, Analyze, Improve, Control), which is effective
in identifying, measuring, analyzing, improving and con-

trolling the process [10]. Six Sigma has been used as an
effective management strategy in some of the world’s largest
companies to improve company performance [7, 11, 12].
Research has shown that the goal of most projects in the
implementation of Six Sigma was to reduce costs, which
can be implemented with the help of the DMAIC cycle
(Table 1), so in order to implement Six Sigma as accurately
as possible, it is necessary to pay attention to the effective
factors in its implementation, so that with the help of it, the
competitive power can be increased [13].
Six Sigma is a data-driven process improvement methodol-
ogy used to achieve stable and predictable process results,
reducing process defects [14]. [15] Defined it as a business
strategy that seeks to identify and eliminate the causes of
errors or defects or failures in business processes by focus-
ing on outputs that are critical to customers. Six Sigma has
been widely used in manufacturing and service industries
for more than a decade to reduce defects, changes, elimi-
nate errors to achieve product excellence, exceed customer
expectations, and gain company performance [6, 11, 12, 16–
19]. The Six Sigma method provides significant evidence
of success in reducing waste and defective products in pro-
cesses whose inputs are operators, raw materials, methods,
machinery, and the environment. While in the service sector,
the Six Sigma program can reduce human and system errors
as well as non-value-added activities [20–22].
The most basic thought in the implementation of Six Sigma
is to increase the capability of the process. In the man-
ufacturing industry, increasing process capability can be
more focused on controlling variation and defective prod-
ucts [11, 19].
Quality is an important requirement for business success
in manufacturing and service industries. Also, productivity
is a business mindset that is the main factor in increasing
company profits [6, 23]. Quality and productivity can be
created when the processes have good capabilities and can
create processes and products that meet the requirements
for customer satisfaction [24].
Six Sigma is a method that emphasizes process execution
based on customer focus, prevention, commitment and man-
agement support [25, 26]. Six Sigma with DMAIC ap-
proach often uses quality tools known as seven tools, but
the flexibility of Six Sigma can be enhanced with other
tools such as TQM, ISO 9000, Lean Management and TOC
(Theory of Constraints), etc. [27, 28].
The Six Sigma method begins with the recognition of the
critical quality elements of a process in order to make sug-
gestions for improvements related to the defects created
[29]. Six Sigma has measurable improvement steps that
lead to reduced costs and increased customer satisfaction to
maintain a company’s sustainability as an overall indicator
[6, 30].
The main goal of Six Sigma is continuous improvement
through a project. But the Six Sigma program is not easy
and comes with obstacles. The three major obstacles that
can often be encountered in the implementation of Six
Sigma methods are [31]:
1. Lack of senior management commitment.
2. Advance costs for the project
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Table 1. DMAIC cycle - D(Define) M(Measure) A(Analyse) I(Improve) C(Control).

Phase Activity Quality tools used Result

Define

Project identification, project
owner- Determining customer
needs- Defining the problem,
goals and- resources of the project-
Definition of beneficiaries-
Drawing a process map

Project Charter - Stakeholder Analysis -
Process Outline - Voice of the Customer -
Dependency Chart

Identifying the importance
of the project - supporters,
consultants and leaders - the
type of process and the level
of efficiency of the process

Measure

Determining the input and
output of the project -
performing the operational
definition of the variables -
establishing performance
standards and developing a
sampling and data collection plan

Data collection programs and forms -
control charts, abundance,
Pareto-prioritization matrix - process capability

Identifying process problems,
identifying data patterns and
current process capability

Analyse

Process modelling - Establishing
causal relationships using data -
Analysing the process map to
determine the root causes of problems

Diagrams of dependence, cause and
effect, control, flow and abundance,
parto and rain of ideas

Identifying potential causes,
capitalizing on the causes and
how the data changes

Improve

Development of solutions -
assessment of risk and success
of solutions - validation of solutions -
implementation of solutions and
determination of their effectiveness

Design of experiments -
Hypothesis testing -
Stakeholder analysis -
Brainstorming sessions -
Consensus

Identification of solutions -
criteria for selection and scoring
of implementation solutions

Control

Determining the required controls
and measurements - implementing
the controls - showing the benefits
of the implementation - ending the
project and transferring the information
about its results

Statistical control of the process -
control charts - executive program
outside the control limits and
changes in the design in order to
eliminate defects

How to standardize new methods -
how to monitor processes and
how to improve processes

3. Fear of change
But in fact, there will be no obstacle for not implementing
the Six Sigma method in case of the commitment and re-
sponsibility of human resources (HR). The commitment of
senior management is an essential factor for the success of
Six Sigma, which can be implemented by implementing a
suitable strategy that focuses on the customer and the team,
and integrate improvement programs in a suitable and stan-
dard resource that focuses on training and teamwork [25].
In addition, managers should encourage employees by hav-
ing a reward program and acknowledge the achievements
of the human resources involved [32]. So that the support
and commitment of senior management is one of the de-
termining factors for the successful implementation of Six
Sigma, which can lead to the removal of two other obstacles
(cost and the culture of fear of change). Six Sigma tools are
often used in a simple performance improvement approach
called DMAIC, which is used when the goal of a project
is to improve an existing product, process, or service [33].
The basic principle of the DMAIC approach is a structured
algorithm with the following steps [34]:
1. Definition phase: The first step in the process of identify-
ing or defining problems is determining the problems and
goals that must be achieved [34]. This step is important and
should not be skipped easily, because identifying the wrong
problem will affect the analysis and the results obtained
[11, 35, 36].
2. Measurement Phase: The second phase focuses on the
project criteria and the tools used to measure those criteria.

How can the situation be improved? How can the identi-
fied causes be quantified? In general, the measurement of
critical quality factors is very important for tracking perfor-
mance measurement [34].
3. Analysis Phase: The third stage is the analysis of the pro-
cess so that the influencing variables can be discovered. Or
in other words, the stage of identifying the current situation
and identifying the opportunity for improvement [34]. In
order to analyze and identify factors and causes of problems
in order to determine effective measures that can improve
the process.
4. Improvement Phase: This stage is a process that includes
checking how the changes made in element X affect ele-
ment Y. In this phase, you will identify how to improve the
implementation of the process [34].
5. Control Phase: It is a stage for monitoring and standardiz-
ing the solution to ensure that the causes of the problems are
controlled and also to get management support [25, 26, 34].
Based on the research conducted in the field of Six Sigma
implementation in manufacturing industries, 72% of the
articles consistently implemented the complete steps of
DMAIC, especially in the case research type. Because in
the case study, DMAIC phases are needed to maintain the
stability of changes and defective products and will not be
repeated in the future. Unlike descriptive research, which is
usually the goal of scientific development, its implementa-
tion is simply done by comparing several different industries
to obtain new knowledge and does not require correction
or control steps. Therefore, in this article, we will examine
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the improvement of production quality by implementing
DMAIC phases on the Six Sigma method, a case study on
the oil industry.

2. Overview of the Six Sigma methodology
Six Sigma focuses on improving process capability through
structured stages known as DMAIC. Various research stud-
ies have demonstrated that Six Sigma (DMAIC) can address
various issues experienced in manufacturing and service
industries, including reducing product defects, lowering
production costs, reducing error rates, minimizing customer
complaints, increasing productivity, extending equipment
lifespan, enhancing customer satisfaction, improving per-
formance, and boosting business profits [31].
As depicted in Figure 1, different approaches exist for uti-
lizing each of these methodologies within Six Sigma [4].
The Six Sigma methodology does not require a deep un-
derstanding of statistics. As mentioned earlier, it uses a
statistical metric to describe the performance or quality of
a product or service. Six Sigma is typically represented as
“6σ ,” where “σ” is a Greek letter denoting sigma, which
represents standard deviation. In statistics, standard devi-
ation indicates how far data points are from the mean. A
low standard deviation implies that data values are close to
the mean, while a higher standard deviation indicates that
data values are spread out. This characteristic reflects the
dispersion among data points [4].
Another important statistical tool to enhance understand-
ing of Six Sigma is the normal distribution curve, which
describes the distribution of a set of data. The bell-shaped
curve is cantered around the mean, meaning the mean is
always at the centre. Approximately 68.2% of data points
fall within one standard deviation from the mean, about
95.4% of the data set falls within two standard deviations,
and roughly 99.7% falls within three standard deviations
[37]. The percentage distribution of data points on the bell-
shaped curve is illustrated in Figure 2.
The use of statistical tools in the implementation of DMAIC
phases in Six Sigma is essential, but there is no strict rule
regarding the specific tools to be used in each phase. Gen-

erally, the selection of tools for each phase depends on the
type of project and the specific needs.
Important tools in Six Sigma include [31]:
1. Define Phase: Voice of the Customer (VOC), Voice of
the Business (VOB), brainstorming, historical data, data
collection, SIPOC diagrams, process maps, and flowcharts.
These tools help identify all current issues to determine Crit-
ical to Quality (CTQ) parameters that need improvement.
2. Measure Phase: Capability analysis (sigma level),
Pareto charts, Measurement System Analysis (MSA), con-
trol charts, ANOVA, Voice of the Process (VOP). These
tools reflect the performance of measurable factors within
the organization before improvement.
3. Analyse Phase: Cause and effect diagrams (CED),
Pareto charts, Value-Added (VA) and Non-Value-Added
(NVA) analysis, regression and correlation analysis, Root
Cause Analysis (RCA), 5 W analysis, Failure Modes and
Effects Analysis (FMEA). These tools can identify the root
cause of the problem during the Define Phase and plan im-
provements by eliminating factors that hinder productivity.
4. Improve Phase: Design of Experiments (In the field of
DOE, the RSM method is one of the most widely used. The
response surface method, which includes a set of mathe-
matical and statistical techniques, was used to determine
the effect of these experimental values on the response and
to find the optimal process conditions and the most effec-
tive variables on the response [38].), simulation, ANOVA,
P-charts, Structural Equation Modelling (SEM), risk matrix,
FMEA, 5 W 1 H, Box plots. These tools are corrective
actions that can resolve the problem.
5. Control Phase: Standardization, documentation, work
instructions (WI), control plans, control charts, Statistical
Process Control (SPC), comparative data. The goal of these
tools is to control processes for better consistency and prod-
uct defect levels.

3. The role of Six Sigma in manufacturing
The primary goal of the Six Sigma approach is to achieve
customer satisfaction by producing products with fewer
defects. This is crucial in the manufacturing process be-

Figure 1. Six Sigma methods.
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Figure 2. Percentage distribution of data.

cause products that do not meet customer requirements
are rejected and returned for re-production, and only those
without defects can be sold. A study has shown that when
customers experience negative results from defective prod-
ucts or poor services, this experience doesn’t just affect
them personally but influences other customers and a larger
community, leading to more customers boycotting the prod-
uct or service [37]. Therefore, the emergence of a method
called Lean Six Sigma drives production towards lean man-
ufacturing. Lean manufacturing is a process improvement
method that aims to provide better, faster, and lower-cost
products and services by eliminating waste in production
systems [39]. Defined it as follows:

“A method for determining value, organizing value-creating
actions in sequence, conducting these activities without in-
terruption whenever someone requests them, and achieving
more with less human effort, equipment, time, and space,
while providing exactly what the customer wants.”
The Lean approach focuses on streamlining the flow of a
process by searching for and eliminating non-value-added
activities. It believes that by removing non-value-added ac-
tivities, tasks can be performed more quickly and will have
a significant financial impact. In contrast, the Six Sigma
approach focuses on quality and defect reduction. It em-
phasizes identifying problems and defects and correcting
them. In summary, Lean Six Sigma is all about speed and
efficiency, ensuring that resources are working on the right
activities. Lean ensures that resources are working on the
right activities, while Six Sigma ensures that activities are
done right the first time [40].

4. Implementation of the Six Sigma
methodology with the deming cycle

Before discussing the phases of Six Sigma, it’s necessary to
examine the formula for calculating OEE (Overall Equip-
ment Effectiveness) and the symbols used in this context.
A summary of information is provided in Tables 1 and 2.
symbols, the formula for calculating OEE is as follows:

OEE = A×P×Q (1)

Additionally, the time required for setup and initialization is
referred to as “Loading Time,” which can be obtained from
the following equation:

Loading time = Total time−Planned STOPPAG (2)

Furthermore, the availability index includes parameters re-
lated to downtime: BD, CO, St, Ma, Ut, and Lg, which can

Table 2. Table of symbols

Symbol Explanation

A Availability
P Productivity
Q Quality

OEE Overall equipment effectiveness
PR Productivity Rate
PM Packaging Material
PM Preventive Maintenance
PS Planning Stoppage

UPS Unplanned Stoppage

CLIT
cleaning, lubrication,
inspection, tightening

BD Break down
MS Minor Stoppage
Ma Material Availability
MQ Material Quality
MI Material Inventory
Aj Adjustment
Co Change Over
Li Cleaning
LO Lack of Operator
OM Operator Mistake
Rp Replacement
SP Speed loss
St Startup
Ut Utility
Hd Shutdown
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be obtained from the following equation:

Availability :
(

Loading time–Availability time
Loading time

)
×100

(3)
The performance index includes parameters related to down-
time: Ms, Aj, Rp, MQ, SP, Mi, Li, Io, OM, which can be
obtained from the following equation:

Performance :
(

Performance time–Availability time
Loading time

)
×100

(4)
Additionally, the production rate can be obtained from the
following equation:

PR% =
Actual production(MT)

Capacity Production
(5)

Planned downtime includes parameters such as St, Li, HD,
Co. Unplanned downtime includes parameters such as ex-
pected values from BD, MS, Ma, MQ, Mi, Aj, LO, OM, Rp,
SP, Ut, and HD

4.1 Definition phase
4.1.1 Project selection reasons
In this phase, the main goal of an FMCG company for im-
plementing Six Sigma is defined as follows: “To increase
the overall efficiency of equipment (OEE), which is a mea-
sure of the machine’s potential that exposes opportunities
for improvement. OEE is implemented by manufacturers
to identify, monitor, and reduce production losses. Thus,
it has become a global KPI for manufacturers and the best
method for lean production.” Based on this goal, an issue

analysis table is provided in Table 3. It is worth mention-
ing that the issues mentioned have been obtained through
the SMART method, and their details are provided in the
following Table 4.

4.1.2 Project stakeholders
Stakeholders in a project are individuals or entities with an
interest in a company and can influence or be influenced
by its business activities. The primary stakeholders in a
company include investors, employees, customers, and sup-
pliers. As per Table 4, the stakeholders’ table is provided in
Table 5.

4.1.3 SIPOC process map
The SIPOC diagram (Suppliers, Inputs, Process, Outputs,
and Customers) is a visual tool for documenting the end-to-
end business process before its execution In Six Sigma,
SIPOC is often used during the “Define” phase of the
DMAIC methodology (Define, Measure, Analyse, Improve,
and Control). An example of a SIPOC map is provided in
the Chart 1.

4.1.4 CTQ decision tree
In general, a decision tree is simply a list of deficiencies (in-
efficiencies) that may exist in the factory production process.
In this improvement project, we are looking for options that
will have the most significant impact on the company’s suc-
cess (improving OEE) and customer satisfaction. Therefore,
by drawing a CTQ (Critical to Quality) tree for various
options, we are seeking critical points in the process after
conducting the investigations in brainstorming sessions and
consulting with technical experts, as shown in Chart 2.

Table 3. Examining the problems of AN FMCG Company.

Business Case

Problem Potential improvements Potential impact Rate Financial /
non-financial Annual

Optimization
PM time

Reducing the cost of
emergency stoppage and

increasing the life
of the devices

A Financial

Reducing or optimize
Change Over time
with tools such as -

(SMED)

Reducing device failure B Financial

Reducing MS
stoppage

Increasing the life of
machines and increase

production capacity
B

Financial/
Non-financial

Reducing unplanned
downtime stoppage

Reducing operator
inspection costs

B Financial

Increasing AM
skills to operators

Reducing device failure B
Financial/

Non-financial

Improving project
analysis skills for SV

Improvement in the process
of doing work, process

optimization
B

Financial/
Non-financial

Process optimization
by ECRS tool

Increasing the productivity
and work efficiency of
people and processes

B
Financial/

Non-financial

Reducing CIP time Increasing production time A Financial

3% Improvement
in OEE

shortening unit

Reducing waste Reducing production costs A Financial
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Table 4. SMART method information.

G O A L S
1-making a team according to Belbin test Participation of

Short- Term

2-Holding regularly meetings with 6 sigma members all members of Identifying all
3-Implamantion of TPM the organization of losses

4-Identifing all of losses and unplanned stops Following up in promoting Following up with 6 SIGMA team
5-Definition of improvement projects every phase organizational OEE losses

(DMAIC, SMED, ECRS, ..) basis DMAIC knowledge and basis DMAIC
6-Recording losses information correctly and daily methodology implementing methodology

Long -Term

7-Comparing the data with the organization’s goals, and organizational
then define the project, action plan, and training needed projects in at least 3%

8-Following the main program and training matrix order to achieve reduction in
with 6 sigma team members according master plan minimize loss total losses

9-praticipation and involvement all of 6 Sigma optimal OEE
members in the designated programs

4.1.5 CTQs table
The CTQs (Critical to Quality) table helps you translate
general customer needs into specific, actionable, and mea-
surable performance requirements. CTQs were originally
developed as part of the Six Sigma methodology. The infor-
mation obtained in this regard is presented in the Table 6
provided.
After conducting the initial project overview, we now move
into the Measurement phase.

4.2 Measurement phase
It’s worth mentioning that in this phase, decision-making
sessions were conducted in two stages to examine the in-
dicators. In the first stage, the decision-making process
focused on improving the planned stoppage time as a PM
activity, and in the second stage, it focused on reducing the
unplanned stoppage time. The results of these decisions are
presented below.

4.3 Fishbone diagram for identifying equipment down-
time

The Fishbone diagram, as depicted in Chart 3 and Chart
4 were used during brainstorming sessions to identify the
causes of equipment downtime.

4.3.1 Failure modes and effects analysis (FMEA) analy-
sis

Based on the insights obtained from brainstorming sessions
for identifying planned and unplanned stoppages, opinions
regarding the causes of failures and proposed solutions are
documented in Table 7 and Table 8, which pertain to the
analysis of failure modes.

4.3.2 Pareto charts and failure causes
Pareto charts obtained from the failure causes based on Ta-
ble 7 and Table 8 are presented in Figure ?? and Figure ??.
Based on Chart 5 and Chart 6, the causes of insufficient and
incomplete information database, as well as the methods
used to address recurring issues, are identified. These causes
include the ineffectiveness of repair time, the ineffective-
ness of maintenance program execution, the absence of a
prerequisite checklist before starting maintenance activities
for the planned stoppage (PM activity). Additionally, the
causes related to the inappropriate quality of consumable
tools (belt, bag clamp), increased power outages during peak

consumption months (equipment breakdowns), increased
fatigue-related failures, and inadequate skills of equipment
contractors (pumps, etc.) for unplanned stoppage considera-
tions are also identified.

4.3.3 Quick solutions
The proposed solutions in this regard are provided based on
the failure causes in Table 9 and Table 10.
It should be noted that the average OEE before the project
and during the first 6 months of the year was 75%, with
significant fluctuations.

4.3.4 Analysis phase
In this analysis phase, statistical analysis is performed in
three stages, and the details of each stage are provided in
the Table 11.

4.3.5 Overall Equipment Effectiveness (OEE) perfor-
mance area

Here, we want to investigate whether changing the formula
of the Puff Pastry Margarine product has resulted in a sig-
nificant difference in the OEE averages and determine its
impact on the CTQ before and after this change has oc-
curred. The Table of recorded information and assumptions
is provided in Table 12.
The results of the two-tailed independent sample t-test in
Figure 3 indicate that the null hypothesis is rejected. This
means that with the formula change, OEE does indeed
change.

4.3.6 Area of training effectiveness in AJ, RP, and PM
In this section, we aim to investigate whether the number
of training hours per month has an impact on the stoppages
related to AJ and RP. The data related to time is recorded in
the Table 13 provided.
At first, we conducted a correlation test to examine the
impact of training duration on the AJ parameter. The as-
sumptions were considered, and the results obtained are
presented in Chart 7.
Considering the obtained P-VALUE < 0.5 in this method,
the null hypothesis is not rejected, indicating that the two
variables are not significantly correlated according to this
approach.
Subsequently, we proceeded to investigate the correlation
test to assess the impact of training duration on the RP
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parameter. Assumptions were considered, and the results
obtained are as presented in Chat 8.
Considering the obtained P-VALUE < 0.5 in this method,
the null hypothesis is not rejected, indicating that the two
variables are not significantly correlated according to this
approach.
Finally, we have examined that the time required for replac-
ing the necessities in all three shifts will not differ signif-
icantly from each other. Therefore, information from the
three shifts has been recorded in Table 14.
In this section, we have employed an analysis of variance
(ANOVA) to test the equality of means across multiple pop-
ulations. Assumptions were considered, and the results
obtained are presented in Figure 4.
Considering the obtained P-VALUE < 0.5 in this method,
the null hypothesis is rejected, indicating that there is a dif-
ference in the time required for replacing essentials across
all three shifts. Additionally, for further examination, the
confidence interval plot for the three shifts is presented in
Chart 9.
Finally, the relationship between the three parameters, AJ,
RP, and PM, is examined in the chart presented in Chart 10.
The chart indicates that with an increase in training duration,
the level of adjustments made by operators decreases.
For further examination, regression analysis of the duration
of planned stoppages was performed with parameters HD,
AJ, and CO in two stages, as shown in Figure 5 and Fig-
ure 6. The results indicate that in both stages, the regression
obtained is statistically significant. In the first stage, all
parameters except AJ have an influence in the regression
model, and in the second stage, with the change in the co-
efficient of AJ, the significance of this parameter has also
been established.
Additionally, the parameter impact matrices in two stages
are presented in Chart 11 and Chart 12.
Additionally, a regression test for unplanned stoppages with
parameters BD, MS, and MQ was conducted in two stages.
The results obtained are shown in Figure 7 and Figure 8.
The results indicate that in the first-stage regression analy-
sis, the BD parameter does not have an impact on stoppage
time, and with the regression model based on second-stage
values, it is evident that the MQ parameter is not statistically
significant and does not affect the model.
Furthermore, the parameter impact matrix for both stages is
presented in Chart 13 and Chart 14.

4.4 Improvement phase

In this phase, considering the factors influencing the reduc-
tion of planned and unplanned stoppages and consequently
increasing OEE, the cost of implementation, positive out-
comes during execution in the improved process, and the ad-
verse effects on other processes during execution, improve-
ment solutions were identified and prioritized. Weighted
parameter information is provided in Table 15.
Based on Table 15, the effects of improvements resulting
from the actions can be observed in the figure. The results
indicate that operator training has been highly effective in
this regard.

4.5 Control phase

The control phase can be considered as the next step in
sustaining and stabilizing improvements. It involves formal-
izing progress through modifications to rewards, policies,
procedures, material resource planning (MRP), budgets, op-
erational training, and other management systems.
Documenting the results and summarizing key findings, de-
termining future projects, and using quality tools for control
purposes are elements of the control phase. This includes
implementing executive plans to control items outside of
standard limits, controlling changes in design to eliminate
defects, and more.
The Six Sigma methodology’s approach in the control phase
extends the positive project outcomes and manages these
changes for integration into the overall system. This was
achieved in this project through the following steps:

4.5.1 Development of process control plan

Given the positive results obtained in the Improvement
Phase, it is necessary to specify how the process will be
controlled in the areas that have undergone changes. In
other words, it is essential to identify the changes resulting
from the project and how these changes will be controlled
to ensure their sustainability.
Before taking any action in the Control Phase, a process
control plan must be developed to specify how the process
will be controlled for the areas that have undergone changes.
In this context, changes resulting from the project should
be clearly identified, and the method for controlling these
changes to ensure they continue should be defined.
To execute the development of the Process Control Plan,
data obtained from unplanned stoppages and the OEE index
were placed under control using control charts. As observed
in the charts in Chart 15, there is an increase in the OEE
rate in the second half of the year, and there is a decrease in
the duration of unplanned stoppages in the second half of
the year as well.
To control the two mentioned indicators in this project, I-
MR control charts were used. Based on Chart 16 and Chart
17 in the Unplanned Stoppages chart, in December, data
fell outside of control due to incomplete information, and
in November, it was due to unplanned stoppages caused by
oil shortages. As a result, these data points were considered
outliers. Additionally, from month 6 onwards, there was a
decrease in the average duration of unplanned stoppages.
Furthermore, based on Chart 18, from month 6 onwards,
there has been an increase in the range of the average OEE.
In month 11, due to issues in the treatment plant, OEE
decreased.

4.5.2 Standardization of solutions

To institutionalize the solutions identified during the im-
provement phase, it is imperative to standardize these solu-
tions, each according to its nature. Standardization involves
defining a set of activities and responsibilities. To facilitate
this process, the industrial company has prepared a table
outlining these activities and responsibilities, and the details
are presented in Table 17.
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5. Conclusion

The Six Sigma methodology has been widely adopted across
various industries, spanning from manufacturing to services.
Its primary goal is centred on reducing variability in the
production system, aiming to minimize deviations from
the process mean. The Six Sigma methodology, based on
the DMAIC process (Define, Measure, Analyse, Implement,
Control), facilitates the identification of all factors contribut-
ing to system defects, understanding their root causes, and
subsequently, their resolution.
Furthermore, Six Sigma can be described as a philosophy,
as it strives to minimize errors, a statistical measurement, as
it aids in precise measurement of products, services,
and processes, and as a measurement tool, as it establishes a
measurement system. Ultimately, it functions as a business
strategy, as it enhances quality and reduces costs.
The effective and straightforward techniques introduced

within the Six Sigma methodology, such as the SIPOC (Sup-
plier, Input, Process, Output, Customer) process map, defect
checklists, and various process capability metrics, help iden-
tify strengths and weaknesses within processes and pave
the way for improving their status. Supportive tools, often
referred to as Six Sigma tools, including cause-and-effect
diagrams, Pareto charts, Failure Mode and Effects Analy-
sis (FMEA), and Voice of the Customer (VOC) analysis,
significantly contribute to addressing issues and challenges
effectively, providing a clear picture of the company’s per-
formance for further investigation.
The objective of this article was to investigate the quality im-
provement in the oil industry by implementing the DMAIC
phases using the Six Sigma methodology. The industrial
company successfully achieved this objective by enhancing
equipment efficiency through reducing unplanned downtime
via operator training, ultimately resulting in profitability.

Table 5. Stakeholder analysis.

Stakeholder/
Stakeholder Group

Stakeholder
name

Impact
Level-

Strongly
Against

Modernity
Against Neutral Modernity

Supportive
Strongly

Supportive

Action(s) to
Address This
Stakeholder

Group

Contact

Plant Executive
Director Mr.Shokoohi Decision

Authority R U

Invite senior
managers of

the organization
to participate in
the symposium

Production
manager Mr.Bornak Decision

Authority R

Production SV

Ms.Shahrokhi,
Mr.Sotoodeh ,

Mr.Noori,
Mr.Parsapour

Will Be
Affected R U

Invite senior
managers of

the organization
to participate in
the symposium

Planning
Manager Mr. Bagherpiry Impacts

Outcome R U

Invite senior
managers of

the organization
to participate in
the symposium

Planning SV Mr.Bagheri ,
Mr.Safarzadeh

Impacts
Outcome R U

1. Holding briefings
and symposiums

for experts
2. Holding training

courses

Technical
manager

Mr.Hashemipour/
Mr.Karimi

Impacts
Outcome R U

1. Holding briefings
and symposiums

for experts
2. Holding training

courses

electrical and
mechanical technician

Mr.Samanipour,
Mr.Samarghandi,

Mr.Heidari,
Mr.Ghorbani

Decision
Authority R U

1. Holding briefings
and symposiums

for experts
2. Holding training

courses

Quality Assurance
Manager / FSMS Mr.Amiri Impacts

Outcome R U

Invite senior
managers of

the organization
to participate in the

symposium

Quality Assurance SV /
FSMS

Mr.Mohammadi,
Mr.Rezaee

Impacts
Outcome R U

1. Holding briefings
and symposiums

for experts
2. Holding training

courses

Shop floor all of shortening operators Impacts
Outcome R

1. Holding briefings
and symposiums

for experts
2. Holding training

courses

Finance Impacts
Outcome R R

Invite senior managers
of the organization to

participate in the
symposium

Current R; Desire U
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Table 6. Table of CTQs.

NEEDS CTQs MEASURE DEFECT DEFINITION Kano

Reduce Planing
Stoppage Time

Synchronization
time between

PM and CIP time

Reducing Stoppage
from 64 hours to

60 hours

Increasing time by
more than 60 hours

Performance
Needs

Reduce MS
and BS Time

Improve the status
of planing stopage
time as PM activity

Reduceing MS time
Increasing MS time
from 26,000 minutes

per month

Performance
Needs

Table 7. Failure Mode Effects Analysis (FMEA) - CTQ1.
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Continue of Table 7.

Chart 1: Process SIPOC diagram.

2228-5970[https://dx.doi.org/10.57647/j.ijic.2024.1504.23]

https://dx.doi.org/10.57647/j.ijic.2024.1504.23


12/26 IJIC15 (2024) -152423 Esmaili et al.

Table 8. Failure Mode Effects Analysis (FMEA) – CTQ2.
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Table 9. Quick solution table for CTQ1.

Table 10. Quick solution table for CTQ2.

Table 11. Assumption test table in the analysis phase.
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Table 12. Table of recorded data and tested hypotheses for OEE.

Date Average of OEE Formula
001225 55% 1
001226 84% 1
001227 91% 1
010131 78% 2
010201 80% 2
010211 64% 2
010214 46% 2
010216 61% 2
010217 50% 2
010218 90% 2
010219 86% 2
010303 71% 2
010304 78% 2
010305 88% 2

Table 13. Timeline information table to investigate the effectiveness of training in AJ and RP.

Row Labels Sum of No -
Training

Sum of
Person ∗hour OEE% AJ

(min)
RP

(min)
2021 446 13380

9 60 1800 0.802582214 1540 2645
10 244 7320 0.800071308 1825 3329
11 142 4260 0.805567182 1233 3123

2022 220 6960
1 14 420 0.813989136 2876 3521
2 76 2280 0.770603443 3138 1720
3 38 1140 0.767166607 2610 1629
4 8 240 0.758242533 2898 1882
5 49 1830 0.762411244 3050 1472

Table 14. Information table of 3 shift work requirements.

The time of changing the essentials in every three shifts - minutes.
Month Parsapur setudeh nori

1 1403 1131 870
2 711 465 519
3 358 569 702
4 580 553 749
5 577 490 405

Table 15. Weighting table of factors affecting improvement.
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Continue of Table 15.

Table 16. Overall results of the improvement made.

Weekly - Positive consequences Positive effects Final
(Personel * Hours) during execution in the after implementation in weight

duration of execution improved process other processes
Weight criteria 2 % 12 % 10 %

Holding internal trainings 6 % 81 % 4 % 0.10
Rotating the workforce 6 % 13 % 30 % 0.04

Preparation of device manuals and manuals 87 % 7 % 66 % 0.08
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Table 17. Information table for standardization of solutions.

Row Kind of
CTQ Main CTQ Xi′ CTQ Action Plan Variable type

1 CTQ1 Ineffective repair time

The presence of
specialized and
trained people
during repairs

1- Assessment of maintenance
training needs for operators

2- Preparation of
educational program

3- Involving all production
operators in carrying out repairs

Standardization of
variable qualitative

variable

2 CTQ1

Failure to pay attention
to the correct layout of
the production plan to
reduce the changeover,

CIP times

Compliance with the
production schedule

according to the order
of oil color

(from low to high color)

Submit production
instructions based on

oil paint to the
planning unit

Standardization

3 CTQ1
Failure to pay attention

to the timely replacement
of parts and equipment

Preparing a master list
of the last replacement

time of parts and
specifying the next
replacement time

Standardization

4 CTQ1
Not having an effective
program to overhaul the

devices annually

Preparation of the
annual master list

of equipment
prioritization

Standardization

5 CTQ1
Not having a program
to prioritize between

devices to perform repairs

Validation of all problems
registered in the system

Approval of people
in the CMMS system

Poke-Yoke

6 CTQ2
Lack of sufficient

knowledge of operators

Preparation of
instructions and

reference standards
for the reference of

the operator

Standardization

7 CTQ2
Inadequate skills of

equipment contractors
(pumps,...)

Preparation of instructions
and reference standards for
the reference of the operator

Standardization

8 CTQ2

Not paying attention
to the repair receipt

or replacing the parts
before stopping the machine

Doing CLIT Standardization

9 CTQ2
Failure to provide
spare parts on time

by the purchasing unit

Preparation of the master
list of spare parts inventory

and sending in time intervals
to specific people in a

systematic way

Standardization
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Chart 2: CTQ decision tree.

Chart 3: Cause and effect diagram of brainstorming sessions.
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Chart 4: Cause and effect diagram of brainstorming sessions.

Chart 5: Pareto chart FMEA - CTQ 1.

Chart 6: Pareto chart FMEA - CTQ 2.

Chart 7: Test of Equality of Means for Two Independent Communities: Person∗hour, AJ.
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Chart 8: Equality test of means of two independent communities: Person∗hour, RP.

Chart 9: Confidence interval for mean RP-TIME VS OPERATORS.

Chart 10: Correlation matrix between three parameters AJ, RP and PM.
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Chart 11: The influence matrix of the parameters of planned stops in the first stage.

Chart 12: The impact matrix of the parameters of the scheduled stops in the second stage.

Chart 13: Matrix of effects of unplanned stops parameters in the first stage.
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Chart 14: Matrix of effects of unplanned stops parameters in the second stage.

Chart 15: OEE trend chart and unplanned stops.

Chart 16: I-MR diagram of unplanned stops for the first 12 months.
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Chart 17: I-MR diagram of unplanned stops for the second 12 months.

Chart 18: I-MR control chart of OEE index for the first 12 months.

Figure 3. The results of the two-way hypothesis test of the independence of the averages of two communities.
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Figure 4. The test of the equality of the averages of several communities to check the significance of the average difference
in 3 shifts.

Figure 5. Regression test of scheduled stops in the first stage.

Figure 6. Regression test of scheduled stops in the second stage.
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Figure 7. Regression test of unplanned stops in the first stage.

Figure 8. Regression test of unplanned stops in the second stage.
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