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Abstract:

The aim of the article is to present the results of a case study focused on the implementation of the Six Sigma
methodology in order to improve the quality and increase the efficiency of furniture production processes. Posi-
tive results of implementation after the implementation of corrective measures were achieved in the values of
process capability coefficients, reduction of nonconformities and subsequent reduction of DPMO, increase of the
values of the level of efficiency and sigma of the critical process.In the processing of the results, classical methods
of research work were used such as analysis, synthesis, comparison, descriptive statistics, coefficients C, a Cpy,
DPMO, level of efficienty and sigma,and also graphic methods.
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INTRODUCTION

A company that wants to be a leader in its industry must
use new modern concepts and approaches. Most
enterprises in Slovakia are engaged in production
activities, while the production process itself consists of a
large number of complicated operations, which changes
the variability and capability of processes. The furniture
industry in Slovakia consists mainly of micro enterprises,
small and medium-sized enterprises. The aim of the work
is to present the results of a case study focused on the
implementation of the Six Sigma methodology in increas-
ing the capability of processes in a particular enterprise of
the furniture industry in the Slovak Republic. The uniform
criteria for comparison were the capability coefficients Cp,
and Cpk, as well as the DPMO values, the efficiency and
sigma levels, which were influenced by the different char-
acteristics of the processes, but at the same time, pro-
vided a uniform platform for comparison.

MATERIAL AND METHODS

The authors agree that Six Sigma is a methodology fo-
cused on the improvement of manufacturing processes,
where product quality is the response variable for all ac-
tivities. The aim of Six Sigma is to produce no more than
3.4 defects per million opportunities, making it an appeal-
ing proposition for production managers. This is perhaps
the most important definition of Six Sigma as a methodol-
ogy, since it implies that processes must be appropriately
standardized [2, 4, 11, 17, 19].

Six Sigma is the structured process improvement method.
It is providing the user with a more detailed outline of
Deming’s PDCA by guiding the initiative through a five-
stage cycle of define, measure, analyse, improve, control.
There are specific tools and techniques for each phase.
The key to success of Six Sigma is training, senior manage-
ment interest and active role in project selection [14, 16].
Authors see the success of Six Sigma implementation in
the support of top management, in the implementation
of quality programs and in the knowledge that influences
competitive advantage [1, 20, 25]. Authors point to short-
comings related to an organization's ability to apply Six
Sigma [17]. The lack of Six Sigma capabilities in the organ-
ization is therefore the result of a lack of support from top
management and insufficient resources (for change man-
agement), quality programs, as well as the maturity of the
organization and knowledge [21]. A major factor influenc-
ing the success of Six Sigma implementation is the failure
to manage cultural change and implement any quality phi-
losophy [12].

According to a number of researchers the process capa-
bility index PCl can be used a 6-sigma evaluation tool and
successfully applied in various industries. PCls measure
the quality and performance of processes [5, 8, 23]. In de-
termining the critical process, the process capability
measurements were performed according to the follow-
ing methods:
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— Measurement plan according [7, 13]: five-phase meas-
urement plan methodology.

— Cpand Cy capability indices: an assessment of the pro-
cess's critical capability in terms of compliance with
set or expected limits and average value [15, 18].

Process capability refers to the assessment of how well a

process meets specifications or the ability of a process to

produce parts that comply with technical specifications.

The authors consider the Cp and Cpk indices to be the most

used basic indicators of competence in the manufacturing

industry [3, 8, 16, 24].

Relevant data for the calculation of critical indicators of

furniture production processes were obtained from the

database of the surveyed enterprise and by own measure-
ment of process characteristics.

A critical process and a specific problem in the process

were identified by the defect analysis in the process. De-

fects were divided into material and technological. There
were used calculations of the DPMO value, the process ef-
ficiency as total output revenue and a level of Six Sigma.

DPMO (Defects per Million Opportunities) denominates

the number of defects that occur per one million of op-

portunities at the development or manufacturing of a

product [9].

The obtained data were processed and exported from Ex-

cel to modules of Descriptive Statistics and Industrial Sta-

tistics & Sigma — Process Analysis STATISTICA 12 CZ.

RESULTS AND DISCUSSION

The aim of the paper is to present the results of the im-
plementation of the Six Sigma methodology for improving
the quality and increasing the efficiency of furniture pro-
duction processes. Its implementation according to the
DMAIC steps was focused on determining and comparing
the suitability of furniture production processes through
Cp and Cyk capability indices, as well as DPMO results, effi-
ciency and sigma levels of the critical side banding pro-
cess. The implementation was carried out in a specific en-
terprise of the furniture industry. Part of the presented
results is also a comparison of the percentage of disagree-
ments in the critical process before and after the imple-
mentation of corrective measures to eliminate disagree-
ments and the benefits of implementing the Six Sigma
methodology within a three-month evaluation period. To
ensure the quality and performance of processes in the
furniture enterprise, according to the DMAIC steps were
used.

The stage Define:

Based on the analysis of non-conforming parts in the fur-
niture production process and subsequent DPMO calcula-
tions, efficiency levels and sigma levels, we came to the
conclusion that the critical process is the process of bond-
ing the side surfaces of furniture parts. A comparison of
DPMO values, efficiency levels and sigma of furniture pro-
duction processes is given in Table 1.

Table 1
Comparison of DPMO, efficiency and sigma levels of furniture
production processes

Level of efficiency  Level

State DPMO % of Sigma
Formatting 19512 98.05 3.53
Pressing 13308 97.70 3.73
Bonding of side 139389 86.06 258
surfaces
Grinding 16260 98.37 3.64
Drilling holes 13930 98.61 3.70
Mounting 17756 98.27 3.61

In the definition phase, an analysis of non-conforming
parts in the critical process of bonding the side surfaces
for the observed period of three months was also per-
formed, which is recorded in Fig. 1.

Non-conforming parts before change

Disagreements %
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Period

Fig. 1 Non-conforming parts before change

The development of the occurrence of non-conforming
parts showed their high values in the range from 22.3% to
31.4%, which subsequently caused high costs of poor
quality. In addition to the basic information provided in
the project charter, an important figure was the reduction
of non-conforming furniture parts by 10%, which was a
priority of the Six Sigma implementation project.

The stage Measure and Analyse:

The measurement of the characteristics of the critical pro-
cess, which was the application of glue in g/m? to the side
surfaces of furniture parts and the use of the measure-
ment plan for the technological conditions of the process,
formed the basic platform of the measurement phase. Pri-
mary data were used to calculate the capability coeffi-
cients Cp and Cpk. A comparison of the values of compe-
tence indices in furniture manufacturing processes is
given in Table 2.

Table 2
Comparison of the values of the capability indices C, and Cpyi
before and after the application of corrective measures
Values of capability
indices before

Furniture production processes

Co Cpok
Formatting 1.30 0.93
Pressing 1.42 1.15
Bonding of side surfaces 1.17 1.11
Grinding 1.40 0.61
Drilling holes 1.42 1.20

Mounting 1.36 0.57
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From the Table 2 of comparison of capability coefficients,
the lowest value is shown by the process of bonding the
side surfaces.

Decomposition of the causes of disagreements of the first
and second degree - Ishikawa diagram, using
brainstorming and Pareto diagram to clarify the main
causes of disagreements were selected methods in the
Analysis phase. The causes of disagreements in the critical
process are shown in absolute and cumulative terms in
the Pareto diagram in Fig. 2.

How we can see from the Fig. 2 the low ability of the crit-
ical process is mainly caused by incorrect setting of the
machinery, specifically the application of glue.

Causes of disagreements of the process of critical process
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Fig. 2 Pareto diagram of causes disagreements of the critical
process

In the stage of Improve it were process reaction plan, con-
trol diagrams, graphical methods of descriptive statistics,
histogram, and correction simulation as can be seen in Fig.
3.
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Fig. 3 Correction simulation of setting and technological
interval

The correction simulation clearly shows the technological
and setting intervals for the operation of the device for
bonding the side surfaces of furniture parts. Corrective
supplemented by the duty of the operator, is another
method that was used in solving problems with setting up
the device and is called the reaction plan. In the improve-
ment phase, to the problem solving escalation diagram
was also used, in which the process of informing, solving
and deciding on problems arising according to individual
levels of management and responsibility is graphically dis-
played.

In the stage of Control it were histogram, and Cpand Cpk
capability indices a suitable tool for comparing the capa-
bility of furniture production processes in the implemen-
tation of the Six Sigma. The values of the indices C, and
Cpk after the implementation of corrective measures are
given in Table 3.

Table 3

Comparison of the values of the capability indices C, and Cyi

before and after the application of corrective measures
Furniture production Values indices Values indices

processes before after
Processes Co Cok G Cok
Formatting 1.30 0.93 2.51 2.29
Pressing 1.42 1.15 2.81 2.80
Bonding of side surfaces  1.17 1.11 2.33 2.28
Grinding 1.40 0.61 2.77 1.97
Drilling holes 1.42 1.20 2.34 1.88
Mounting 1.36 0.57 2.26 1.87

A positive development in the capability (Fig. 4) also oc-
curred in the critical process, in which the value of the in-
dices Cpincreased by 1.16 and Cpk by 1.17.

Comparison of the capabilities of the bonding of side surfaces
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ARer Cp 117 233 116
/] Cpx 111 228 117
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g
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Fig. 4 Comparison of critical process capability indices

Favourable results after the application of corrective
measures were also recorded for the values of DPMO, ef-
ficiency and sigma levels, which can be seen in Table 4
with an overview of the original and current values of the
critical process.

Table 4
Comparison of DPMO values, efficiency and sigma levels of
the critical process

State DPMO Efficiency % Sigma
Before the 139389 86.06 258
change
After the 47663 95.54 3.17
change
Difference -91726 +9.48 +0.59

Positive developments can be seen in all categories of critical
process assessment, such as the DPMO value, which de-
creased by 91,726, the efficiency level value increased by
9.48% and the sigma value increased by 0.59. Based on the
above analysis, we can state that the application of corrective
measures met all the goals that were set at the beginning of
the project to improve the performance and quality, specifi-
cally in the critical process.

The basic data for the economic assessment of the success of
the selected procedures were the number of non-conforming
products measured during the period of 3 months before and
after the implementation of the proposed solutions and their
mutual comparison. Percentage expression of the occurrence
of non-conforming parts in bonding of side surfaces before
and after the application of corrective measures for a period
of 3 months are given in Fig. 5.
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Non-conforming parts after change
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Fig. 5 Non-conforming parts after change

As we can see in Fig. 5, the percentages of non-compliant prod-
ucts in the process of bonding the side surfaces decreased, thus
meeting the defined goal of reducing non-compliant products
below 10%.

In addition to data on non-conforming products in the critical
process for a period of three months, specific furniture prices
provided by the manufacturer were used in the economic eval-
uation of the savings achieved after the application of Six Sigma
concepts and the application of corrective measures within this
concept. Economic evaluation of the process of bonding the
side surfaces of furniture parts is given in Table 5.

Table 5
Economic benefits of six sigma implementation
in a critical process

Number of defective  Price Total
State
parts pcs €/pcs amount €
Before the change 483.00 12.50 6037.50
After the change 103.00 12.50 1287.50
Difference -380.00 4750.00

As we can see in Table 5 there was a decrease in non-com-
pliant parts from 483 to 103 pieces, which represents a
decrease of 27.33% of the total value of non-compliant
products to the level of 5.83%, thus achieving the set goals
defined in the initial phase of the project.

We stated that after the implementation of the proposed
solutions to improve the quality according to the Six Sigma
methodology and the use methods according to the
DMAIC steps, the costs were reduced by 78.67%.

A positive result of the changes was an increase in the ca-
pability of furniture manufacturing processes and a reduc-
tion in the number of non-conforming parts, especially
the critical process, where by adhering to all set process
parameters, consistent and correct selection of concepts,
methods and quality improvement tools can keep failure
below 6%.

CONCLUSION

The results of this article document that even today it is
possible to achieve a significant improvement in quality
and increase the efficiency of processes in the company
with the help of correctly designed methods and proce-
dures, with the use of consistently formulated goals and
with an active approach of the whole team. This study fo-
cused on this area using the Six Sigma methodology within
the DMAIC steps with an emphasis on the competence of
furniture production processes, specifically the critical
process of bonding the side surfaces of furniture parts.

Through Six Sigma and DMAIC steps in the furniture com-
pany, an improvement was achieved in all compared Cp
and Cpk capability indicators, DPMO, efficiency level and
sigma level values. The overall significant cost savings for
low-quality furniture components, as well as specific rec-
ommendations for maintaining the achieved favourable
state of process values, are helpful in illustrating the pos-
itive results of research evaluating and measuring process
capability and performance not only in furniture compa-
nies.
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