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ABSTRACT: This study aimed to determine the level of sigma defects of socks and provide suggestions for quality improvements in
reducing the percentage of socks defects. The scope of this research is in one of the garment industries with socks produced on the
Lonati Single brand Knitting machine, which has decreased production due to production defects that do not meet the target. The
methodology used in this study is the Define Measure Analyze Improve Control (DMAIC) approach and implementation of Six
Sigma. The results of this study that the level of Sigma before a repair is 3.7017 and after the repair is 3.9614 and proposes that all
improvement efforts be included in the Standard Operational Procedure (SOP) to be documented and applied because the percentage
of socks defects decreased from 11.08% to 5.54%.

Keywords: DMAIC, Knitting Socks, Six Sigma, Quality Improvement

ORGU CORAP SEKTORUNDE KALITE iYILESTIRME iCiN DMAIC
YAKLASIMINDA ALTI SIGMA UYGULAMASI

OZET: Bu calisma, coraplarin sigma kusurlarmin seviyesini belirlemeyi ve gorap kusur yiizdesinin azaltilmasinda kalite
iyilestirmeleri i¢in Onerilerde bulunmayr amaglamistir. Bu arastirmanin  kapsami, iiretim hatalarinin {iretim hedeflerinin
karsilanamamasi1 problemine neden oldugu, bu sebeple iiretimi azalmis olan ve Lonati Single marka 6rme makinesinde iiretilen
coraplarin yer aldig1 hazir giyim sektorlerinden biri lizerinedir. Bu ¢aligmada kullanilan metodoloji, Define Measure Analyze Improve
Control (DMAIC) yaklasimi ve Alt1 Sigma'nin uygulanmasidir. Onarim 6ncesi Sigma seviyesinin 3.7017 ve onarim sonrasinin 3.9614
oldugu bu g¢alismanin sonuglari; tiim iyilestirme cabalarinin dokiimantasyonunun saglanmasi ve uygulanabilmesi i¢in Standart
Operasyonel Prosediire (SOP) dahil edilmesini 6nermektedir ¢linkii gorap hatalari ¢alisma ile 11.08%” den 5.54%’ e diisiiriilebilmistir.
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1. INTRODUCTION

In the production process of socks in Indonesia, it should
increase the quantity of production and reduce production defects
to compete well in the global market. This study discusses how
socks products can increase production and reduce defects
according to the target. The implementation of Six Sigma with
the DMAIC approach has often been used in various industrial
sectors, including the knitting socks industry sector. Still, for
socks products, there is no literature discussing Six Sigma.

Therefore, the background of this research problem is to analyze
the main factors that cause dominant defects in socks, how to
improve the chief weaknesses in stocks, and how the DMAIC
approach can measure the magnitude of the sigma level. This
study aimed to determine the sigma defects of socks and suggest
quality improvements in reducing socks defects.

The contribution of this research is to serve as a scientific work
that can answer the improvement of the quality of socks,
especially the single type, and practice can be used as literature
material in similar research. Six Sigma and its application areas
are investigated, and as a result of the obtained findings, six
sigma applications have been made in the textile industry where
the quality is desired to be improved [1]. Continuous quality
improvement can be achieved by implementing Failure Models
Effects Analyze (FMEA) in automotive SMEs. Then the
identified improvement points and their effects were different for
individual case companies, but all showed continuous quality
improvement. Six Sigma is a customer-driven approach
representing the systematic implementation of various statistical
methods, tools, and techniques for quality improvement and
customer satisfaction [2].

The Six Sigma - DMAIC methodology will be applied to solve
the problem. Therefore, the collection center will no longer have
economic losses due to impurity discounts [3]. Using Six Sigma
and the DMAIC methodology in this home appliances company
has reduced the number of defective aluminum parts,
significantly affecting customer satisfaction and cost savings [4].
It is expected that we can boost the performance of the
traditional boat building industry by implementing Six Sigma
[5]. A product is said to be of high quality if the product meets
the criteria set by the company and is following the wishes of
consumers [6]. Customer complaint management was carried out
in a company from the plastics industry by applying the Six
Sigma project management methodology [7].

2. LITERATURE REVIEW

The priorities were included in the Quality Function Deployment
(QFD) in the voice of the customer, and the quality house was
established with the addition of technical requirements [8]. The
development of TiO2/SiIO/GLYMO based nanocomposite
solution by sol-gel method and the improvement of the fastness
properties of the garment leathers by using the nanocomposite on
leather in the finishing process with lacquer has been
investigated [9]. Indoor air quality is an essential factor that
affects human health and comfort. Then indoor air contains
various pollutant gases such as NO,, SO, CO, and volatile

organic compounds development of current and future status
value flow maps will be completed [10]. The interactions
between elements can be identified using the Design of
Experiment (DoE) method in the textile [11]. Identify and
analyze the quality control process to determine the main factors
causing the occurrence of defective products. The method used is
Six Sigma and FMEA. With the research results, the Defect
value per Million Opportunity (DPMO) obtained is 181.67, and
the sigma value is 5.07 [6].

They are improving product quality with the method used in Six
Sigma and Fishbone Diagram. With the results of his research, a
new set of optimal combinations is applied to the lay carriage to
increase the sigma level from 0.7 to 2 and Capability (Cp) from
0.2 to 1.47 [12]. The measurement results obtained that the
average sigma level is 3.32, and the sigma level included in
Sigma three will cause a 25-40% [13]. The waste weight of
defective products is 26.25% and the waiting time for waste is
16.02%, the DPMO value is 2,150, and the sigma value is 4.36
[14].

The DMAIC approach and the DoE method can reduce non-
conforming polyester bypass fibers in Indonesia [15]. The
results of the research input from the average index value of
productivity, material (98.85%), and energy (95.11%) %) [16].
Raw material quality control and process quality control hurt the
number of defective products and quality (Cost of Quality). In
contrast, the quantity of faulty products positively affects
production costs [17]. The research results can increase the
sigma level from 3.74 and reduce contamination in the third row
resulting in a sigma level of 4.32 [18].

Reducing production costs while improving quality in the
garment industry, with the methods used are Six Sigma, Pareto
Diagrams, and Fishbone Diagrams with research results before
the sigma level improvement is 2.69. After repairs, it increases to
2.80 [19]. Furthermore, it reduces the number of perforated
defects in prayer rug products in the garment industry with the
method used in Six Sigma with the results of the sigma value
after implementing improvements of 3.31 [20]. Cost of Poor
Quality (COPQ) is known as the cost of quality, meaning how
much cost is incurred due to failure of quality; COPQ also means
the cost or price the company must pay when it is not perfect or
the costs incurred as a result of wrong or product failure that
does not meet customer standards [21]. Statistical Process
Control (SPC) is a well-established technique in a context that
has recently been used in software production [22]. Lean Six
Sigma (LSS) approach is a structured and systematic
methodology for improving a process focused on reducing
process variance as much as possible, minimizing defects
(products/services that fall outside of specifications) by using
statistics and problem-solving tools intensively [23].

3. MATERIAL AND METHODS
3.1 Material

Dominant defects in several socks industries in Indonesia
generally occur almost the same in all types of knitting
machines, especially single knit machines, there has been a
problem phenomenon in the knitting process where if the process
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is not smooth, defects will occur, thus disrupting the resulting
production. decrease.

The secondary data population obtained in this study is
production data and defect data for a certain period in one of the
socks industries in Indonesia. One of these industries is already
representative of the other socks industry because machines and
making socks are almost identical. The sample in this study is a
sample of socks checked by a QC operator, and the results of the
inspection results are recorded in a production check sheet and
defects. To make a sample of socks, the material is from several
color threads consisting of a composition of yarn consisting of
50% cotton, 30% acrylic, 7% polyester, 3% nylon, and 10%
spandex.

3.2 Methods

According to previous studies, that this defect improvement is
very necessary to be able to reduce the dominant defects in the
apparel industries, therefore this research needs to use methods
in handling it so that the repair of these defects can be directed.
From previous research, several industries in terms of defect
repair use the Six Sigma method with the DMAIC approach.
This study will also measure the level of sigma in ready-to-wear
clothing, especially socks because previous studies have not had
a sigma level target. Then in the DMAIC cycle, especially in the
Improve stage, we will use the Design of Experiment (DoE) tool
due to the combination experiment between needle types and
variations in yarn.

The methodology used was based on PDCA/DMAIC, with the
following stages: Define, Measure, Analyze, Improve, and
Control, DMAIC can explore the optimization of the internal
process is assumed as a critical factor to be capable of answering
to the molds industries [24]. Quality variations exist in product
specifications, losses/defects are in the form of unsatisfactory
products, poor quality repair problems, sizes too tiny, sizes too
large, or other issues [25], in his book quoting back about
losses/defects Taguchi. Quality improvement is when the
company identifies the problem, creates a repair team, analyses
the root cause of the problem, and eliminates it [21].

Kaizen is an organization making it an absolute priority until an
emergency problem [26]. Practical methods for reducing costs,
improving quality, and fostering continuous improvement in
products or processes [27] in Six Sigma. In his book, the Kaizen
process of implementation and quality improvement redistributes
Hitoshi Yamada. The success of six Sigma depends upon the
selection of different tools and techniques at each stage.
Furthermore, the tools and techniques selection depends on the
type of problem [28].

The Six Sigma program has a five-phase cycle, namely DMAIC
for process improvement, becoming increasingly popular in Six
Sigma organizations [21]. The DMAIC stage is just a workflow
used to determine what the customer wants [29]. The article
understudy was developed according to the stages of the DMAIC
methodology Figure 1.

3.2.1 Define Stage
3.2.1.1 The COPQ

The data analysis technique in this study by recording all types
of quality complaints from customers for one year so that costs
are needed for repair and prevention of repeated complaints from
customers. As for what is included in the COPQ in the socks
industry, namely, return costs from customers, employee rework
costs, inspection costs, training costs, and socks defect costs.

However, collect data reports and types of complaints, stockwork
in process, warehouse stock, overtime costs, and training costs
for two periods (June 2019 ~ May 2020) before improvement
and the period (June 2020 ~ May 2021) after improvement which
are the source of the problem in the Knitting and input into
Microsoft Excel. More details can be seen in Table 1.

3.2.1.2 Pareto Diagram

Pareto is a bar graph that shows problems based on the order of
the number of events. The order starts from the number of the
issues that occur the most to those that occur the least [30]. The
data analysis methods in this study are to take a data report on the
check sheet for defects and types of defects filled in by the
inspector for 40 lots, then input them into the computer in
Microsoft Excel. Next, perform the addition of defects according
to the type of defects. Finally, input defect data and kind of defect
into Minitab-19 software, then a Pareto Diagram graph will be
formed.

3.123CTQ

CTQ is a defect problem that significantly affects the production
process [12]. As for the steps to determine CTQ, collect
production data reports (pairs) and defects (pair) from January
2020~June 2020 on single type knitting machines and input them
into Microsoft Excel, as shown in Table 2.

To find out the CTQ of the types of defects that often appear for
six months, the next step is to break down the number of defects
according to the kind of defect. Furthermore, the types of defects
that often appear or critical qualities will be identified in this
study.

N )
v v 1 v
COPQ )
Fishbone
Pa‘mto Six Sigma Diagram, . DO_E SOP
Diagram FMEA Six Sigma
CTQ

Figure 1. DMAIC Methodology
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Table 1. COPQ Metodhology in PT Gunze Socks Indonesia (GSI)

No Cost of Before Improvement (June 2019 ~ May 2020) After Improvement (June 2020 ~ May 2021) Charae Cost for
Parameter COPQ (Rp) COPQ (%) COPQ (Rp) COPQ (%) 9
1 | Inspection Knitting
2 | Defect/scrap Knitting
3 | Rework Finishing
4 | Return Finishing
5 | Training Knitting
Grand Total
Table 2. CTQ Research Method
No Month — Year Production (pair) Total defect (pair) Defect (%)
Column B C
1 Jan-20 roduction defect 9
p ;) x100%
6 Jun-20 . . ..
Grand Total Total Production Total Defect Average Defect

3.2.2 Measure Stage

To determine the sigma level, the research method takes
production report data and defects on a single type knitting
machine for 40 lots before improvement and then inputs it into
Microsoft Excel. Determining the sigma level can use the help of
Microsoft Excel and calculation of DPU, DPO, and DPMO with
the formula:

a) Defects Per Unit = Amound Defect (1)
Amound Unit
b) Defects Per Opportunity (DPO) = ﬂ (2)
C
c) Defect Per Million
Opportunities (DPMO) = DPO x 1,000,000 3)
d) Level Sigma
=N0RM51NV(OJWQWW—DPM0)+L5 4)
1,000,000
3.2.3 Analyze Stage

3.2.3.1 Fishbone Diagram

Fishbone is an analysis that is carried out by starting from the
consequences or problems that arise and then in a structured way
looking for possible causes. In general, six factors can cause
deviations in business processes, namely 4M (Material, Method,
Machine, Man) and 1E (Environment). In this study, data on the
main root causes were obtained from brainstorming meetings
with operators and leaders who have expertise in repairing
knitting defects.

3.2.3.2 FMEA

This study's FMEA data analysis method is to make a Focus
Group Discussion (FGD) at the meeting and determine the
failure factors included in the FMEA table. Then, it is continued
by assessing the risk priority number (RPN) value of the

potential failure mode. Each of the three risk factors is usually
assigned a deal on a numerical scale ranging from 1 to 10. After
there is a Risk Priority Number (RPN) value with the formula
RPN = OxSxD, where Occurrence (O) is the probability,
Severity (S) is the seriousness of the failure, and Detection (D) is
the ability to detect failure before the impact of the failure effect
manifests. The next step is to prioritize the RPN value that has
been determined (rating scale). After FMEA analysis, a further
in-depth research is carried out using why-why analysis.

3.2.4 Improve Stage
3.2.4.1 DoE

This check phase study analyzed the experimental results between
2 factorials (needle type and yarn hardness variation). This
experiment is expected to reduce the hole in the sock product to
become a reference in mass production later. Design of
Experiment (DoE) is the action applied in the previous step
analyzed, before and after comparisons are made to verify if there
is improvement and if the set goals are achieved. The data
analysis technique in this study used an experimental composition
between two factors that were carried out to correct the defects of
socks on the Lonati Single machine, namely the needle type
factor and the yarn hardness variation factor. These two factors
will produce six levels of variation in the experimental
combination, resulting in the percentage of defects for each level
of interpretation by experimenting with each combination of
variables on the same machine resulting in a production sample
lot of 25 lots. Perform this experiment with duplicate experiments
to ensure that this experiment produces valid data. After getting
12 experimental data, input into the Minitab-19 software, then the
optimal parameters will be known.

3.2.4.2 Six Sigma

To determine the sigma level, the research method takes
production report data and defects on a single type knitting
machine for 40 lots after improvement and then inputs it into
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Microsoft Excel. The steps to get the sigma level are the same as
before at 3.2.

3.2.5 Control Stage

Standard Operational Procedure (SOP) is the data analysis
technique in this research is to document every action before and
after the repair into the SOP. In this study, the conditions of the
observations or improvements are recorded in SOPs, One Point
Lesson (OPL), Work Instructions (WI), and other documents.
This is done so that all forms of rules or instructions can be
socialized to employees so that new employees will understand
the procedures that already exist in the company factors. A
suggestion for improvements that can be made to reduce the type
of rust defects in the roof panel packaging process is by making
an antirust spraying SOP [31].

4. RESULT AND DISCUSSION

In this section, the results of several DMAIC stages will be
reported according to the method used. The results of several
methods used will be discussed following the stages.

4.1 Define Stage
4.1.1 COPQ

The results of the related COPQ regarding the cost parameters
that the Knitting section has issued can be seen in Table 3

Table 3. COPQ analysis

Table 3 shows that the knitting section includes inspection fees,
scrap costs, and training costs. The results showed that the
company spent IDR 4,035,000 for quality before repair and IDR
3,235,000 after repair. So there is a cost reduction for poor quality
repairs of IDR 800,000. Meanwhile, the reward and return
parameters are the burdens of the finishing section.

4.1.2 Pareto Diagram

The results of the Pareto Diagram before the repair can be seen in
Figure 2. It means that the data on the defect of the socks before
taking corrective action is the initial data. After restoration, the
Pareto diagram can be seen in Figure 3, which means that the
socks defect data after repairing.

Based on Figure 2, the most Pareto or dominant defects (red block
color) are hole defects of 42.6%. Therefore, these perforated
defects must be followed up immediately for improvement.

In Figure 3, it can be seen that the dominant defect before
improvement, namely the hole defect in the red beam, becomes
the 2nd position after the loosened yarn defect. Disability after
repair decreased by 16.7% which means decreased by 139%.

413CTQ

To get a CTQ, the data needed is a production report document
and a six-month defect report. Testing when determining the type
of defect that often appears is more accurate because socks
defects vary widely in types defects. The report data documents
can be seen in Table 4.

Cost of Before Improvement (June 2019 ~ May 2020)

After Improvement (June 2020 ~ May 2021)

N Charge Cost f
©  parameter COPQ (Rp) COPQ (%) COPQ (Rp) COPQ (%) arge Cost for
1  Inspection Rp 1,925,000 46% Rp 1,075,000 32% Knitting
2 Defect/scrap Rp 710,000 17% Rp 360,000 11% Knitting
3 Rework Rp 140,000 3% Rp 100,000 3% Finishing
4  Return - - - - Finishing
5  Training Rp 1,400,000 34% Rp 1,800,000 54%  Knitting

Grand Total Rp 4,175,000 100% Rp 3,335,000 100%
Pareto Chart of Defect Type Pareto Chart of Defect Type
2o [
(] _‘__-—" L--)
1000 50 -
B0 - L)
- i -
: 500 & E g = ® E
iI. ; i .
200 0 Lo ]
1 ]
ol [ Defect Type
Dafect Type ] o & & s q‘e f 4"* " f‘ J’ J
TGRS PR
Defect Amount 59 233 m [ 55 39 26 29 Dakort Amaunt bt b L L & " L ke L3
Percent az6 26 159 &1 51 ET 24 27 Purcent ) WI e Wy & A an 7
Cham % a2 mo e L) Lo L1 L] wa woo

Cum % 426 (1% 801 862 913 94,9 973 00,0

Figure 2. Pareto Diagram of Socks Defect Before Improvement
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Table 4. Production Report and Defects of Single Socks in Knitting Lonati Machine

No Month - Year Production (pair) Total Defect (pair) Defect (%)
1 Jan-20 65,370 5,307 7.51%
2 Feb-20 85,110 6,523 7.12%
3 Mar-20 87,152 7,200 7.63%
4 Apr-20 46,596 4,749 9.25%
5 May-20 23,956 2,573 9.70%
6 Jun-20 17,020 1,441 7.81%
Total 325,203 27,793 7.87%

Table 4 shows that the sample taken from January 2020 to June
2020 for 6 months resulted in a total of 27,793 defects with a
defect percentage of 7.87%. After getting the total defects, still in
the form of quantity defects and the types of socks defects have
not been seen, then the next step is to break down the
fundamental weaknesses into types of defects. So it will be seen
the kinds of imperfections that often appear or are called CTQ.
For more details, see Table 5.

Table 5. Types of Defects in Knitting Machine Lonati Single

No | Defect Type Total Defect (pairs)
1 Hole 10,468
2 Loose yarn 7,737
3 Platting 4,094
4 Break yarn 2,657
5 Striped 1,352
6 Wrinkle head 795
7 Small size 421
8 Needle line 269
Total 27,793

Based on Table 5, it can be concluded that the CTQ in this study
amounted to 8 types of defects that often appear. The most
dominant CTQ is a hole in the single socks because the Knitting
QC inspector will see this defect during a visual inspection of the
socks that have just come out of the machine.

4.2 Measure Stage

Before and after repairing the socks defect, the sigma level can
be determined by entering all production data and defects in

Table 6. Sigma Level Comparison

Microsoft Excel software and using formulas 1 to 4 in section
3.2. The results of data processing for Six Sigma can be seen in
Table 6.

Table 6 shows that the defect (%) before improvement is 11.08%
and after improvement is 5.54% while the target is 7% so that the
defect is decreased by 50% and has reached the target. The
DPMO results decreased by 50% so that the sigma level
increased by 6.50%.

4.3 Analyze Stage
4.3.1 Fishbone Diagram

Based on the results of meetings with operators and leaders using
brainstorming and why-why analysis, the main factors causing
the root of the problem were obtained. The next step from the
results of the Fishbone Diagram is to use Microsoft Visio
software, and it will look like Figure 4.

Figure 4 shows that the main causes of perforated defects in
machines, methods, and materials. While the root causes consist
of: the linking needle does not match, sewing thread hardness
varies, clumps of thread in the cutter, and socks go straight to the
plate. The report of the four main causes was obtained from
brainstorming with a single machine operator.

4.3.2 FMEA

Based on the meeting results in the focus group discussion
activity, which consisted of 11 members from the leader level to
the president director who had the capacity as an expert
judgment in determining FMEA scores. The results can be seen
in Table 7.

Parameter Unit Before Improvement After Improvement Remark
Total Production pcs 9,733 9,952
Total Defect pcs 1,078 551
Defect % 11.08 5.54 Target 7.00%
DPU unit 0.1108 0.0554
DPO opportunity 0.0138 0.0069
DPMO PPM 13,845 6,921
Level Sigma sigma 3.7017 3.9614
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Linking needle does not match
Yarn not entangled

Worn linking jack
Machine process

Friction with nee

QC check round less
Company budget

Jack linking is
not needle center
Cutter timing
Settings

changed

Clumps of thread in

Reduce operator

QC operators don't understand

Not yet training

Operator less check

Busy repair

Hole Defect

Sewing thread hardness

Fly waste a lot .
varies

From supplier

From suppli¢r
Yarn A/C PP

Machine space close Yarn 60/2 CCM

Not yet standard tention

Number of socks check

Knitting Lonati
Machine

Style of socks short

Tight socks
Method check

Machine a lot Yarn specification Less pull
Limited lavout Too slippery Reduce defect 3 asttgaight
Figure 4. Fishbone Diagram Result
Table 7. FMEA Analysis of Hole Defects
. . Potential Failure Potential Cause of
Potential Failure Mode Sev Effects Occ Failure Det RPN Rank

;r;cltl]nkmg needle does not 9 Hole defects 8 Yarn not entangled 7 504 1
Worn linking jack 6 Machine stop 5 Friction with needle 5 150 5
Cutter timing 8 Production down 6 SL:;thwrps of thread in the 8 384 3
iztrzllt(elrlnklng is not needle 6 Machine stop 5 Settings changed 4 120 6
QC check round less 4 Delay check 4 Reduce operator 6 96 7
QC operators don't 4 Missed defects 4 Lack of training 5 80 8
understand
How to check socks 6 Missed defects 7 SI(;L(S go straight to the 7 294 4
Sev_vlng thread hardness 9 Yarn tension . From supplier 7 441 5
varies varies
Machine space close 4 Machine stop 5 Limited layouts 3 60 9

Table 7 is the result of the FMEA showing that four main
causative factors result in dominant defects. Therefore, the
organization may decide that any RPN above 200 creates an
unacceptable risk. In this study, FMEA analysis by an
experienced repair team during FGD.

4.4 Improve Stage

4.4.1 DoE

After getting the improvement plan, the next step is to carry out a
Design of Experiment (DoE) with a combination of needle types
and variations of yarn hardness. The results of data processing
using Minitab-19 show that:

e  Multilevel Factorial Design: Design Summary

Factors: 2
Base runs: 6
Base blocks: 1

Replicates: 2
Total runs: 12
Total blocks: 2

e Number of levels: 2, 3

Journal of Textiles and Engineer

e  General Factorial Regression: Average Defect versus Blocks,
Needle Type, Hardness Yarn.

To find out the factors and variables used can be seen in Table 8.

Table 8. Factor Information

Factor Levels Values
Needle Type 2 Old Type, New Type
Hardness Yarn 3 Scale 45, Scale 55, Scale 65

SAYFA 275

Table 8 shows that the factors used in DoE have 2 factors
including needle type and variations in the degree of yarn
hardness. While the variables used consisted of 2 variables of
needle type and 3 variables of the degree of thread hardness.
Below is a calculation using Analysis of Variance(ANOVA) of
the factors used and the correlation relationship of the two
elements. More details can be seen in Table 9.
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Table 9. Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Model 6 0.007870 0.001312 159.90 0.000
Blocks 1 0.000000 0.000000 0.04 0.856
Linear 3 0.007865 0.002622 319.62 0.000
Needle Type 1 0.007415 0.007415 903.99 0.000
Hardness Yarn 2 0.000450 0.000225 27.43 0.002
2-Way Interactions 2 0.000004 0.000002 0.25 0.791
Needle Type*Hardness Yarn 2 0.000004 0.000002 0.25 0.791
Error 5 0.000041 0.000008
Total 11 0.007911

In Table 9, it is interpreted that individually, each factor is not
significant with a P-Value value of 0.000 for the needle type
factor and 0.002 for the yarn hardness factor. In contrast, the
interaction between the two elements is significant, with a P-
Value value of 0.791. Therefore, it can be concluded that the
input variable does not significantly affect the response value
(percentage of defects). From the above calculations, it can be
seen that the model summary determines R sq (adj). More details
can be seen in Table 10.

Table 10. Model Summary

S R-sq R-sq(adj) R-sq(pred)

0.0028641|  99.48% 98.86% 97.01%

Based on Table 10, the result of data is R-Sq(adj) = 98.86%,
which means > 65%, the needle type, and hardness yarn
contributed 98.86% to the dominant defect repair test results. The
results of the percentage of defects after carrying out a series of
corrective actions can be seen in Table 11

Table 11 shows that the comparison of improvement defects both
before and after. the result is that after the improvement is still
within the standard of the predetermined target of 21%.

4.4.2 Six Sigma

After improvements in the socks defect, the sigma level can be
determined by entering all production data and defects in
Microsoft Excel software and using formulas 1 to 4 in section
3.2. The results of data processing for Six Sigma can be seen in
Table 6.

4.5 Control Stage

The SOP is socialized to all employees. The SOP is intended so
that the employee can know and make corrective and consistent

Table 11. Comparison of Defect Improvement Results

improvements. This becomes the basis for process control that
can improve product quality. The SOP to improve holes in
Knitting Lonati Single SbyS Machines can be seen in Table 12.

4.6 Quality Improvement Recommendation

After making improvements by implementing Six Sigma in the
DMAIC approach, the recommendations that will be carried out
so that the quality of single socks can be maintained and even
can be improved are:

a) The use of a new type of linking needle with 2 indentations
for all Single Lonati Knitting Machines. This condition may
change at any time if there is a new type again, it is
necessary to experiment again with the DoE method.

b) Every arrival of Nylon 70/2 denier thread material as sewing
thread, it is necessary to carry out a random inspection of the
quality of the hardness of the thread. The standard obtained
is between hardness 52 - 58, otherwise, the thread may not
be used or returned to the supplier.

c) For every new item of socks that will be mass-produced, the
Intellectuals party will set up the timing cutter according to
the type of socks. So that this timing cutter adjusts the
cutting time so that there are no holes in the socks.

d) Inspection of the quality of the socks when they come out of
the machine is very important because the quality of the
socks will be seen visually by the inspector. The standard of
visual inspection before entering the plate is that the
inspection is carried out by pulling both hands so that the
quality of the socks at the end of the sock can be checked,
after that it is only checked with the sock plate tool.

Parameter Unit Before Improvement After Improvement Remarks
Production amount pcs 9,733 9,952
Defect amount pcs 1,078 551
Defect % 11.08 5.54 Target 7%
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Table 12. SOP Handling of Holes in Single Socks

No Figure of Improvement

Remarks

Beckert Indonesia.

The replacement of the old type of connecting needle (one groove) to
the new style (two tracks) is carried out in stages per machine, making
sure before installing the hand there is no ugly and dirty. The estimated
lifetime of 3 months, PIC is technicians, and supplier from PT Groz

Every arrival of Nylon 70/2 material must be a yarn hardness
inspection with a standard scale of 55 (tolerance +/- 3) and check the
received Certificate of Analysis (CoA) for yarn hardness test results
the supplier for each material arrival lot. The name of the incoming
yarn inspection tool is the hardness tester, PIC is QC incoming
material, and the supplier is PT Surya Barutama.

A
-

/)
[
g

|

Every new sock article must have a cutter timing check when changing
the thread of each part of the sock, and this is to reduce the remaining
lumps of yarn on the cutter, resulting in a hole in the cutter sock.
Improved cutter timing data size and PIC is merchandiser (set after the
thread is working, cut directly by the cutter).

Each QC round, the operator must check the gore line end of the sock
by pulling the hose with both hands. This is done because if it goes
directly into the acrylic plate, the defect will be challenging to see,
especially the gore line/tip of the sock. Do a random check every ten
pcs socks. If three pcs are defective, then they must check 100% and
vice versa. If only two pcs are wrong, then only random checks.

5. CONCLUSION

Based on the results and discussion in the previous chapter, it has
been found that the largest COPQ is in the knitting section
(Table 3), and CTQ has 8 types of defects that often appear in the
knitting section (Table 4), and the most dominant defect is
hollow defects (Figure 2 ). These findings indicate that the
knitting part of the sock process is the part with the most defects
so that it needs continuous improvement.

This study also resulted in the number of defects reduced in
percentage after making repairs. The improvement effects
increase the sigma level by 7% from 3.7017 to 3.9614. At the
same time, improvement defects can reduce defects before
improvement is 11.08% and after improvement is 5.54%. Sigma
level may increase if the DPMO yield decreases and to prove this
conclusion can be seen in Table 6.

Other researchers researched the Garment industry which aims to
reduce the number of perforated prayer mats. The method used is
Six Sigma with the results of the sigma level after repairs of 3.31
[20]. Meanwhile, in this study, the import was carried out using
the DMAIC method with Six Sigma, Pareto, Fishbone, DoE, and
SOP tools aimed at improving the quality of single-type socks to

reduce the number of defects or increase the sigma level. So if
you look at previous research, there has never been any research
on improving the quality of socks.

Several proposals for improvement of dominant defects include
repairing hole imperfections, namely by experimenting with two
types of needles combined with experiments with three types of
yarn hardness using the DoE method, improving the size of the
cutter timing data and before entering the plate, check by hand.
The results from DoE find the best variable composition, namely
new needle type and hardness yarn scale 55. The needle type and
hardness yarn contributed 98.86% to the dominant defect
improvement test results, and to prove this conclusion can be
seen in Table 10.

The theoretical implications of the results of this study are
expected to provide an overview and information about the
problem, the causes that occur, provide an alternative to repair
defects in socks in detail, and know the prevention of socks
defects. The practical implications of the results of this research
can be used to reference those interested in researching the same
or similar problems. Future research is recommended to improve
the production process by integrating lean methods to effectively
and efficiently produce.
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