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1. Introduction

Lean Manufacturing was first used to describe Toyota’s car-making process and has its roots in
Japan. It is considered a pivotal moment in the transition from traditional manufacturing thinking to lean
thinking [1]. These are 6 advantages of lean manufacturing: less process waste, reduced production time,
less rework, cost savings, reduced inventory. Eliminating all types of waste inside the firm is the main
goal of implementing a lean manufacturing system. A lean system comprises two fundamental pillars:
the first being “jidoka” and the second being “just-in-time”. A lean manufacturing system’s main
objective is to produce high-quality goods as quickly and inexpensively as possible [2].

In their study, Rahman et al. [3] demonstrated that the Kanban system can be used to implement lean
production with minimal inventory and reduced costs. The author of this research also implemented the
Kanban system and found that it led to a reduction in operating costs, waste, scrap, and loss, while also
allowing for more flexible workstations and better control of production warehouses.

Another study by Anil S. Badiger et al. [4] explored ways to improve device performance through
the implementation of Kaizen and poka-yoke. This study's objective was to improve productivity and
overall performance, and its findings revealed that OEE rose from 49.9% to 74.68%. This rise in OEE
led to better resource utilization, higher availability, higher product quality, and stronger employee trust
in their work.

Some time ago, professionals who had been utilizing Six Sigma and Lean Manufacturing merged
these approaches, giving rise to what is known as Lean Six Sigma (LSS). A lean culture forms the perfect
basis for the swift and effective incorporation of the Six Sigma quality practices. Moreover, Six Sigma
metrics guide the implementation of Lean Manufacturing practices when they are most suitable.
Additionally, the methods and processes of Six Sigma should be employed to minimize defects in
processes, which is often a critical prerequisite for the success of a lean production project [5]. Lean Six
Sigma, which focuses on continuously improving processes, gained prominence in the 1980s as Toyota
emerged to dominate the US car market. They achieved this by producing cars that were not only less
expensive but also of higher quality than American manufacturers [6]. It can be applied to enhance the
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quality management of equipment maintenance. This approach tackles deficiencies and inefficiencies
within the equipment maintenance process, leading to increased efficiency and improved equipment
maintenance quality [7].

Another, Lean Six Sigma focuses on delivering customer satisfaction by providing high-quality
products, on-time delivery, balanced work processes, eliminating waste, efficient work performance,
and easy observation and management. It’s quickly becoming a key driver for many technology-driven,
project-driven organizations. Various approaches to Six Sigma have been adopted to increase the overall
performance of different business areas. Those efforts all contribute to improve the efficiency and
maximizing the value of the Six Sigma method. Six Sigma principles and implementations are more
likely to succeed by continually improving organizational culture [8].

In today's competitive landscape, wood manufacturers face mounting pressure to embrace new
manufacturing practices and management strategies. This shift is driven by the need to reduce
production costs, streamline delivery times, and improve overall product quality to remain competitive
in an increasingly globalized market [9]. Within the wood products industry, the pursuit of continuous
improvement underscores an ongoing commitment to enhancing both quality and productivity [10]-[11].
Over the past decade, Lean Six Sigma (LSS) has found adoption in numerous companies as they
restructure their manufacturing processes. LSS revolves around monitoring production yields, reducing
costs, and shortening cycle times [12]. J. Guerrero et al. [13] applied LSS implementation in a small
furniture company, revealing potential benefits, including a 25% reduction in defects, a 13% decrease
in waste, and a 14% increase in sales productivity in the first year.

The use of Lean Six Sigma tools and techniques led to significant improvements in productivity and
product quality at a furniture manufacturing company, based on the methodology's accomplishments
and efficacy [14]. Leading B2B supplier of premium wooden furniture, the company's headquarters are
situated on a 30-hectare campus in Binh Duong, Vietnam. The company boasts an indoor manufacturing
area of over 10 hectares, complete with a swimming pool, kindergarten, and after-school center for its
employees' families. With over 750 skilled employees and over 28 years of experience, the company
distributes over 120 containers of premium furniture per month to over 20 countries worldwide, with
the US, Japan, and Korea being their main markets. The author of this report optimized multiple areas
of the company's production process by implementing Lean Six Sigma concepts. The main goals were
to lower production costs, raise output productivity, and enhance product quality. A strong basis is
established for the development and broader adoption of these methods in the furniture production
industry, as well as their potential expansion into other related industries, by utilizing the extensive
techniques and tools of Lean Six Sigma, as described in this article.

2. Literature review and methods
2.1. Lean six sigma

Lean Six Sigma is a management methodology that combines Lean and Six Sigma, emerging as a
highly effective approach to improving processes and reducing costs in manufacturing companies. This
study integrates the seven quality control tools into the PDCA cycle and DMAIC process to optimize
the production process [15]-[16]. Lean approach focuses on minimizing waste and lead time, optimizing
production flow, and increasing productivity, all of which are highly desirable outcomes for
manufacturers. Companies can use Lean technologies to detect and reduce waste in their manufacturing
processes, resulting in considerable cost savings and increased efficiency. Six Sigma, on the other hand,
is a fantastic technique for increasing product quality and minimizing defects. Six Sigma assists
businesses in eliminating defects and lowering repair costs, resulting in higher customer satisfaction and
revenues. However, implementing Lean Six Sigma methods in a business is not easy, and quick success
is not assured. It takes a clear commitment from senior leadership to make decisions based on a long-
term perspective, even if it means sacrificing short-term financial goals.

2.2. Six Sigma DMAIC methodology

To attain the maximum level of Six Sigma, 3.4 faults per million, Motorola created a five-stage
process known as the 'DMAIC Model'. The five steps are described below: define the problem or
opportunity for improvement; measure process performance and identify the key inputs; analyze the
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data to determine the root cause of the defects (in this step, fishbone diagram, 5-WHYS, ...); improve
the process by eliminating defects using kanban cards, check sheets, etc.; control the new process and
continuously monitor performance.

3. Results and Discussion
3.1. Productivity Improvement

The Dayna chair product line has 8 continuous packaging stages that are carried out on 2 conveyor
belts arranged at right angles to each other as shown in Figure 1.
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and cushion *| Balance legs " label backrest
. J \ J \ J \. . J
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'S ~ s \ ' ~ 'S )
Pack and seal — Make box = Pairchairs |-~ Wrap chair
box legs
\ J \ J \, J \ J

Figure 1. Dayna Side Chair packaging process

Table 1. Cycle time of each step before improvement

Step/Time (5 | 3 Cuion | ioge - |dust, abe| backrest | - ege |7 Chirs| Make box | OV
T01 31.72 51.31 10.34 56.74 92.2 26.21 46.23 78.67
T02 27.37 54.07 12.78 52.53 100.49 30.18 62.67 67.05
T03 30 46.78 11.36 47.61 105.73 36.89 50.56 77.34
T04 27.38 54.11 12.05 52.66 92.12 37.56 41.12 54.06
T05 27.65 41.59 10.11 64.3 96.86 35.12 46.35 54.48
TO6 29.09 38.33 13.89 63.4 90.28 27.31 44.93 62.67
T07 32.21 48.12 11.54 50.12 110.41 28.47 55.01 56.12
TO8 38.29 49.13 10.15 57.25 89.25 28.32 49.45 62.78
T09 37.02 44.86 11.4 49.15 90.86 30.15 48.89 61.45
T10 32.7 41.67 9.86 48.53 97.89 27.25 47.71 65.34

Average Time 31 47 11 54 97 31 49 64
Take-time 57 57 57 57 57 57 57 57
Tmax 97 97 97 97 97 97 97 97

120

Tmax
Tkt tine

Cycle Time of Steps (s)

Assemble Balance Blow o Wrap Wrap  Palr  Make Pack
seatand legs dust. seat chair chairs box andseal
cushion label backrest legs box

Figure 2. The Cycle Time chart for each stage before improvement
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The author identified five areas for improvement based on data and observations: establishing a
support device for the foam-cutting process, arranging material shelves and work tables during the
packaging stage, removing the bottleneck of the bottle necktie during the leg wrapping operation, and
ensuring consistent operation and material positioning during the box wrapping process as shown in
Figure 2.

3.1.1. Remove the bottleneck of bottle necktie removal in the leg wrapping process

Table 2. Status before and after improvement of the leg wrapping process.

BEFORE AFTER
Result

= 57 (second)

Takt time =

Issue

The finished products remain stagnant
on the conveyor, causing it to stop for
troubleshooting.

The number of finished products has
decreased.

Workers no longer need to run to
perform tasks, resulting in faster and
more comfortable operations.

Workers have to run around to perform |}
tasks and often experience shoulder
fatigue by the end of their shift.

Workers perform tasks more accurately |

The coordination between two workers | &
and do not waste materials.

is ineffective.

Everyone has improved their work
, performance.

Before the change, the author watched and documented the ineffective packaging procedure in the
inefficient area. There were excessively many pointless steps and inefficient movements, which at this
point created a bottleneck. After identifying the reasons and non-value-added operations, the author
offered and implemented remedies to eliminate them, improving process efficiency and avoiding
wasteful resource waste.

Workers doing other people's tasks lead '
to uneven work performance.

Table 3. The result after improving the leg wrapping process.

Content Before After Effective
Cycle time (s) 97 47 Reduced 51.55%
WIP 6 1 Reduced 83.33%

3.1.2. Standardize the operation and material placement position at the box wrapping process

The workers' packaging procedure includes a number of wasteful steps. Furthermore, material
positioning is inefficient, wasting time and reducing packaging output. The author observed and altered
the operation, redefining the location of materials to make it more sensible. The results indicated that
the packing process’s cycle time fell from 64 seconds to 48 seconds (a 25% reduction), and it was less
than the Takt time.

3.1.3. Design a support device for the foam-cutting method

Foam is one of the necessary materials in the packaging process, used for packing tables, chairs,
sofas, etc. The process of preparing foam specifications is an important and necessary step in the
packaging process. However, the current situation shows that this process requires two people to work
together, the speed of producing foam sheets according to demand is not fast, and the workers can easily
get tired when performing a large amount of work.
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Figure 3. Design ideas of cutting tool for foam Figure 4. The worker is implementing a new the foam-
cutting method

From those identified issues, the author proposed a new foam cutting plan that involves using a
cutting tool for foam. This tool has a simple structure and is made from readily available materials from
the company (Figure 3).To assure the tool's safety and stability during use, the author calculated and
evaluated its durability with Inventor simulation software. The tool was then manufactured and directly
integrated into the production process (Figure 4). After a period of implementation, the author obtained
the following results:

Table 4. Results of implementing a new the foam-cutting method

Content Before After Effective
Workers 2 1 Reduced 50%
Time (s) of cutting 100 foarms (1050*1000) 80 50 Reduced 37.35%
Tolerance (mm) +8 +6 Reduced 28.57%

3.1.4. Set up and arrange material shelves, and work tables at the packaging stage

The author applied the 5S method to organize and arrange tools and materials on shelves and
workstations in a visual manner, following the principles of easy retrieval, minimal movement, and
straightforward management. This facilitated the packaging process, and eliminated waste and
inefficiency during operations. The author proposed and implemented a labeling system for material
shelves to improve worker awareness and facilitate management (Figure 5).

Figure 5. Packaging material shelf before (a, b) and after (c, d) improvement.

3.1.5. Design the layout for placing finished products, defective products, quality inspection, and repair
of defective products

Because the packaging area was not clearly divided into zones for outgoing products, finished goods
placement, and material storage, products were spilling into walkways and other areas, making it
difficult to supply packaging materials, equipment, and raw materials, resulting in delays and hampered
access (Figure 6).
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Figure 6. Packaging area before improvement

The author planned and implemented a packaging area layout to clearly designate the location of
finished items, work-in-progress, defective products, and products in need of repair.

Table 5. Standard lines and colors in the packing area

Line Color Image Mean

Yellow Transport, workspaces,..
Solid line -

Green I Finished products

Red I Defective products
Dashed line Green I B . Non-Finished products

Red I B e Repair of defective products.

The layout is planned on the FIFO principle, with elements that impact each other located close
together. Products that are close to delivery will be placed outside for ease of transportation and time
savings.

Figure 7. Packaging area before improvement
3.1.6. Effective

1204
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Takt time
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Cycle Time of Steps (s)
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Figure 8. The Cycle Time chart for each stage after improvement
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After applying lean methods and tools to improve the process, the author measured the results of the
stages again (Figure 8). Table 6 shows the parameters before and after the improvement recorded by the
author.

Table 6. Summary of parameters before and after improvement

Content Before After Effective

Cycle time (s) 97 47 Reduced 51.55%
WIP 6 1 Reduced 83.33%
The area occupies the material (m?) 12 4.3 Reduced 64.17%
Material delivery time (s) 300 60 Reduced 80%
Tool search time (s) 180 10 Reduced 94.44%
Number of product boxes placed in the packing area 110 120 Increased 8.33%
Packaging delivery time for packing (s) 1,800 900 Reduced 50%
Area of finished product placement (m?) 182.75 192.50 Increased 5.06%
Area of package placement. 20.55 12.16 Reduced 40.82%
Productivity (Product/person/work session). 17 33 Increased 94.12%

3.2. Quality Improvement
3.2.1. Define

The author proceeded to use the Dayna Side Chair product line to increase product quality. This is
because this chair line is mass-produced and has a high rate of product problems.

3.2.2. Measure
Sampling principles: Systematic random sampling method.

Table 7. Statistical table of frequency of defects

No. Defect Quantity Rate (%) Accumulation (%)
1 Dent 36 20.81 20.81
2 Touch up 32 18.50 39.31
3 Gap 30 17.34 56.65
4 Dust 22 12.72 69.36
5 Wrinkled 15 8.67 78.03
6 Crack 12 6.94 84.97
7 Sagging 10 5.78 90.75
8 Rough 7 4.05 94.80
9 Scabrous 6 3.47 98.27
10 Dappled 3 1.73 100
TONG 173 100

Table 8. Batches check of Dayna Side Chairs

Batches Quantity
B1 200
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B2 150
B3 150
B4 200
B5 150
Average 170

The current Sigma level of the Dayna Side Chair product line:
Total number of defects in sample * 1,000,000

sample size units * number of defect opportunities per unit in the sample
_ 173 1,000,000 101764
17010
With DPMO = 101,764, referring to the appendix table for Sigma levels, the current Sigma level for
Dayna Side Chair is obtained as: 2.75.

DPMO =

According to the Pareto chart, the amount of 1e00] i
dents, touch-ups, and gaps accounts for the vast o
majority of all product faults. As a result, the author . J a0
concentrated on identifying and implementing _
practical ways to restrict these flaws, ultimately " 1
improving product quality and optimizing the i Jao
manufacturing process. e .

200 {2 B i o s 1

/ 7 VAT RS, Sagging
O O

Figure 9. The Pareto chart shows the order of
commonly occurring defects.
3.2.3. Analyze

Using a fishbone diagram, the author analyzed the root causes of defects, such as dents, touch-ups,
and gaps.

Poorly managed sanding is one of the
primary sources of dents, as Figure 10
illustrates. Furthermore, because the
wood production business is known for
producing a lot of dust, improper
handling of dust particles during
production can lead to dust collection
over dents, making it challenging to
sand before painting.

In Figure 11, the author analyzed and
listed possible causes of the issue of
touch up, and then pinpointed the root
cause using the 5-WHYS method. The
primary cause of this error is due to -
painters not following the established &= i i
painting process as specified on the e .
sample card. The problem arises from
the lack of clear guidelines for placing
the paint sample card in a visible
location for the painter to observe and
properly follow the standardized
painting procedures.

PRODUCTS

Objecive

Working
process is
not fixed

Figure 11. The fishbone diagram of Touch up
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Gap faults are widespread in items
with  several joints or complex
components. These elements frequently
result in a certain level of looseness.
Figure 12 shows the fundamental causes ) b s
of this problem. The author observes
that, while gap errors are typically S
apparent and correctable during the
sanding process, insufficient lighting
and light source angles have resulted in
certain gaps being undetected during the Figure 12. The fishbone diagram of Gap
mistake correction procedure.

Assembly

Subjective

Equipment
efficiency is still

3.2.4. Improve
3.2.4.1. Improving the process of sanding before painting.

Therefore, the author has changed the procedure so that each worker will perform operations on a
specific position of the chair instead of three people processing on the same chair to create a production
flow and implementing better defect control measures (Figure 13).

Figure 13. The process of sanding after improvement
3.2.4.2. Upgrading the inspection procedure of the QC department.

The author observed that several factors contributed to the inadequate defect checks by the QC team
during the sanding process throughout the observation and cause analysis phase. The author used visual

Figure 14. Table of defects in hard-to-see locations Figure 15. Painted area after improvement

3.2.4.3. Improved process of paint steps and color cards.

Currently, the team has identified an issue that the painting workers have not followed the paint color
card or have lost the paint color card. After improvement, the color card is placed next to the painting
operator near the paint tank (Figure 15.a). In addition, the paint quality control team (Figure 15.b) will
be appointed to inspect the color at each painting stage to detect defects and prevent them.

3.2.4.4. Improving the angle and light quality of the lamp.

After conducting observations in the paint area, the author observed that the lighting system in the
area was installed to shine straight down from top to bottom and the brightness was not guaranteed. The
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author proposed a plan to change the arrangement of tilted lighting to help paint workers observe the
product more easily, as they can clearly see product angles.

BEFORE AFTER

Figure 16. Painted area lights before and after improvement

3.2.4.5. Result

The after Sigma level of the Dayna Side Chair product line:
Total number of defects in sample * 1000000

sample size units * number of defect opportunities per unit in the sample
_ 112 +1000000 65 882

170 %10

With DPMO = 65,882, referring to the appendix table for Sigma levels, the current Sigma level for
Dayna Side Chair is obtained as: 3.0.

40

DPMO =

[ IBefore
I A fter

Dent Touch up Crack

Figure 17. Number of defects before and after improvement
3.2.5. Control

The author randomly chose 20 chairs from each production batch and did continuous measurements
15 times to ensure product quality after improvement. Conclusion: It is evident that the frequency of
defects is within control limits (Figure 18), and there are no unstable situations.
a) b)

12 12

9

©
h

Quantity of Dent
w
AN
i
i
i
i
j
é‘
'S
N
i
o
Quantity of Touch Up
b i
f
T
'
;
$
'
§
o

Quantity of Crack

g

Figure 18. Control chart of defects before improvement
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3.2.6. Economic efficiency

Table 9. Cost savings after improvement.

Cost Before After
Average loss per order $20.76 $12.86
Average loss per month (estimated for 60 orders) 20.76 * 60 = $1245.6 12.86 * 60 = $771.6
Average loss per year 1245.6 * 12 = $14947.2 771.6 * 12 = $9259.2
Savings 14947.2 - 9259.2 = $5,688

After improving product quality, the result shows a saving of over $5,688 per year that would have
been paid for poor quality costs.

4. Conclusions
4.1. Productivity Improvement

This study demonstrates that implementing Lean Six Sigma can significantly enhance productivity
and quality in wood manufacturing. Future research could explore the application of these
methodologies in other manufacturing sectors. This study showed increased productivity by removing
the bottleneck of the bottle necktie during the leg wrapping operation. The packing should be done in
one continuous motion to ensure consistent operation and material positioning during the box wrapping
process. The results showed that the cycle time for the packing process decreased from 64 seconds to
48 seconds, which is a 25% reduction. The new cycle time is now less than the takt time. To improve
efficiency, we need to develop a support device for the foam-cutting process, increase productivity, and
reduce the time spent on delivering foam during the packing process. Additionally, we should organize
material shelves and work tables during the packaging stage to raise worker awareness and streamline
management. It's also important to create a layout for storing finished and defective products, inspecting
quality, and repairing defects, with the goal of optimizing the layout to minimize unnecessary
movements.

4.2. Quality improvement

Furthermore, research brings increases in quality: Significant drop rates are shown below: The dent
decreased by 38.89%, the touch-up by 40.63%, and the gap by 43.33%. The sigma level increased by
0.25 points on the sigma scale, from 2.75 to 3.0; the quality control chart findings reveal errors within
the higher and lower control limits, showing the success of the improvements; saved over $5,688 per
year on low-quality costs.
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