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Abstract: Defective items are those that are produced during the manufacturing process but do not
meet the imposed quality standards. These items can be repaired economically if certain costs are
covered, which must be less than the post-repair selling value of the product. Semi-finished textiles are
produced by the research institute. There are still issues with the production of semi-finished cloth. As a
result, the researcher attempted to control and evaluate flaws in the production of semi-finished fabrics
by combining the DMAIC approach (Define, Measure, Evaluate, Improve, and Control) with the six-
sigma method. A million production operations have a 3.3% Defect Per Million Opportunities (DPMO),
or a sigma level value of 2,625 or 133,219 probability of damage, according to the study's findings.
There are two types of production-related damage: non-process and process. After one month of
implementing and evaluating improvements, there has been a gradual improvement in all production
processes, with the most recent calculation for June 2024 yielding a sigma value of 3.51.
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1. Introduction

Industrial rivalry is today facing more challenging hurdles in both production and services. Over
time, customer wants for goods and services have been identified not only in terms of quantity but also
of quality. As a result of this occurrence, making quality the primary approach will provide a
competitive edge in the market's dominance competition [17][27]. Companies must begin organizing
strategies to develop both the company's business processes and the quality of the products produced
now and in the future. In the age of Industry 4.0 and Society 5.0, a company must implement new
methods in order to compete with other businesses. One of them is that businesses must be able to use
quality management systems like six sigma and technology that are integrated in cyberspace and the
real world and are currently widely used by multinational corporations [87]; [47; [5]. Not every
business can reach excellent quality. There are numerous obstacles associated with high-quality items
that must be applied and managed by the firm in order to improve and sustain the company's continuity
[67]; [7]. Furthermore, companies that have received the ISO 9001 certification for quality management
systems. To survive in the international market, the company must maintain the quality of its products
[87; [97]; [107; [117]. In Indonesia, there are many manufacturing companies, particularly those that
produce textile fabrics. One of them is a company that manufactures semi-finished or raw cloth. PT.
Dwi Mandiri is a textile firm that weaves cloth. So far, there are still faults or discrepancies in the
weaving process for manufacturing cloth [127; [187; [147; [15]. The following defects can occur
during the weaving process when making cloth: 1). A rare weft is a defect caused by a problem with the
density of the weft; 2). Rare warp is a flaw caused by a problem with warp thread density; 3). Filling
stretches are defects caused by incorrect weft thread installation; 4). Warp streaks are flaws caused by
the mixing of different types of warp threads in the fabric; 5). Floating ends, a flaw caused by an error in
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the threading of the warp that is not woven; 6). Ring temple defects occur when the needles in the ring
temple do not rotate, causing holes in the fabric's edges. To overcome these issues in the company,
defect analysis using the six sigma method can be performed as a business process improvement that
aims to find and reduce the factors that cause defects and errors, reduce cycle time and operating costs,
increase productivity, meet customer needs and lean thinking for six sigma [167; [17]; [187; [197; [1].

2. Research Method

To determine the level of defects that occurred in the company, data was collected through
observation and interviews with the head of production. The data obtained were woven fabric
production results from January 2024 to June 2024.
Stages of Analysis
This study's analysis stages are as follows [207; [217; [227]:

1. Determine the problem phase (define) using six sigma by observation to determine quality
activity targets and collect types of production defect data in the first six months of 2024.

2. The second stage of this research is the collection of primary data from January 2024 to June
2024 with the goal of determining the sigma value of quality during that time period.

3. The third stage involves analyzing data on the number of defects and using cause and effect
diagrams to determine the root cause of the problem and potential quality improvements.

4. The fourth stage is improved, which is the stage in which the solution from the analysis is
implemented to eliminate the causes of existing problems using Failure Mode and Effect
Analysis (FMEA) with three indications as Occurrence (O), Severity (S), Detectability (D).

The fifth stage is control, which is concerned with maintaining changes made during the improve

phase in order to monitor, improve, ensure continued success, develop control plans, and update renewal
documents. Level sigma methods are used in this fifth stage [237; [247; [257]; [267; [27][287; [297;

rs07.

3. Results

In accordance with best practices for implementing lean management, data processing is carried out
by following the steps of the DMAIC pattern [317; [327]; [33]. The goal of this pattern is to make it
easier to apply the method in the production process. Those steps can be seen below:

3.1. Define

Based on the findings of the company's research and identification kind of type reject dominan as
Warp feed are sparse (WFS), Warp threads are sparse (WTS), Filling streaks (F'S), Warp streaks (WS),
Floanting ends (FE), Reject ring temple (RRT). Table 1 shows examples of these types of flaws.

Tabel 1.
Period defect production results data January 2024 - June 2024 (in a thousand).

. Type of Reject .
No Month Production WFS [WTS PFE \7{]75 FE TRRT Production total
1 January 3.728 128 170 1538 139 126 116 4.563
2 February 3.983 142 153 134 185 157 198 4.867
3 March 3.898 132 134 153 153 125 124 4.721
4 April 3.876 165 | 152 | 172 | 156 | 183 | 193 4.898
5 Mei 3.759 127 183 124 138 172 126 4.633
6 June 3.890 182 127 126 153 129 137 4.748
8.1. Measure

The company measures the value of the production quality characteristics based on the company's
defects per million opportunities (DPMO) and analyzes the sigma level during the Measure stage.
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1. Calculating DPO (Defect Per Opportunities):

Total Production Defect
DPU =

Critical t lit
Total Production x Critical to Quality

2. Calculating DPMO (Defects Per Million Opportunities)

DPU = Total Production Defect x 1.000.000
B CTQ x Total Production

So that the overall DPO and DPMO results are as follows:

Table 2.
DPO and DPMO calculation data results.
Period Total Defective cTQ | (DPO) DPMO Sigma
products produk levels
January 4.663.061 834.870 6 0,030 30493,784 3,47
February | 4.867.914 972.218 6 0,082 32694,672 3,34
March 4.721.463 822.519 6 0,029 29034,750 3,40
April 4.898.789 1.022.194 6 0,034 34777,098 3,31
Mei 4.633.428 873.5639 6 0,031 31421,624 3,46
June 4.748.583 857.628 6 0,030 30101,190 3,48
Total sigma levels 3,36

According to the DPMO, the production section had a sigma level of 3.3 in April and September, or
was in a condition of 8.4 sigma, with a possible damage of 972,218 in April and 1,022,194 in October for
a million production processes. If production processes were not improved to reduce the level of product
damage produced in each production process, this would undoubtedly be a loss for the company. The
sigma level has been at an average of 3.36 for the past 6 months, which is still far from sigma level 6.

3.1. Analyze

Cause and effect diagrams are used to visualize a variety of possibilities that lead to problems in the
process. The cause-and-effect control chart in the image below shows information obtained from job
interviews about the things that cause these problems.
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Figure 1.
Fishbone analysis.

Figure 1 shows that defects in raw fabric at the company are caused by human factors, such as the
occurrence of floanting ends caused by the process of weaving the warp that is not woven and
insufficient skills, filling streaks caused by improper installation of the weft thread by the operator on
the weaving machine, and warp streaks caused by difterences in thread type. The warp is mixed into the
fabric type. For example, sample ring defects are caused by the thread getting dirty on the sample ring
roll, causing the sample ring to jam and not rotate, and rare weft is caused by non-standard warp thread
tensioners, which causes the density of the weft to increase.

3.8. Improve

After determining the causes of damage and the types of product damage, a recommendation or
proposal for general corrective action is prepared in an effort to reduce the level of product damage. An
analysis of the problem was performed using the FMEA (failure mode and effect analysis method) to
determine the critical level of the fishbone diagram.

Table 3.
Failure mode and effect analysis for identification of problems.
No Before implementation of six sigma After implementation of six sigma
factors | O S D RPN (0] S D RPN
8 8 7 448 7 6 6 252
1. Man 8 9 8 576 7 6 7 294
8 8 8 512 8 7 7 392
8 8 7 448 7 6 7 294
2. 7 7 7 3438 6 7 7 294
Material | 7 8 7 392 6 6 7 252
3. 7 6 7 294 6 6 6 216
Machine | 6 7 7 294 6 6 7 252
4. 8 7 8 448 6 7 7 294
Method | 8 7 7 392 7 7 7 343

The following are the results of the FMEA analysis:
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1. Human Factor

a.

Disseminate the results of the SOP regarding procedures for cutting warp on weaving combs,
conduct training to improve skills and accuracy in cutting quality, and re-inspect the work of
bow operators.

Carry out failing identification of the weft raw material storage rack, provide clear identity for
jumbo weft regarding weft yarn specifications, and socialize the results of the SOP regarding
procedures for processing jumbo weft products to increase skills and accuracy regarding the
quality of jumbo weft products and failing identification of raw yarn materials. warp, provide a
clear identity to the warp thread cylinder in terms of warp thread specifications, and disseminate
the results of the SOP in terms of procedures for working on beaming products for warp threads
in order to increase skills and accuracy in product quality.

Providing regular training on work systems, skills and knowledge of different types of raw
materials, products, and handling production machines. Workplace discipline should be
improved.

2. Materials Faktor

a.

b.

Coordination with suppliers to double-check before sending to the company, as well as
socialization of SOPs.

Carrying out raw yarn material identity failure, providing clear identity for cones, cylinders,
jumbo weft yarns to cones and beams of warp yarn in terms of yarn specifications.

It is proposed to equip the raw material testing laboratory with testing equipment and to
disseminate the results of the SOP, as well as to perform double-checking using cheek sheets to
check the quality of the warp and weft yarns in order to anticipate errors in mixing other types
of yarn with the specifications of the fabric being produced.

3.  Machine Faktor

a.

Disseminate the results of the SOP regarding preventive maintenance, every machine setting in
beamsteel implementation, the sample ring must be cleaned from the remains of previous
production threads, checked again after the beamsteel process is complete using a machine
condition report cheek sheet, and the technician must conduct training to improve skills and
accuracy regarding quality and machine condition.

Before running the loom to produce cloth, the machine's condition is re-checked, and samples of
fabric produced by the machine are taken to check the quality of the fabric, including comb
density, warp and weft thread quality, to anticipate errors in mixing other types of thread with
the specifications of the fabric being produced.

4.  Method Faktor

a.

Carry out identity failure of the weft yarn raw material storage rack, providing clear identity to
all types of yarn specifications.

Disseminate the SOP results regarding procedures for providing identity to specifications for all
types of thread in both the raw material and production process warehouses.

3.4. Control

Following the implementation of improvements, the next step is to implement control with a better
strategy for repairing defects in the manufacturing process. All of these issues arise as a result of human
factors, materials, machines, and methods [347]; [357]; [86]. As a result, overcoming this type of reject
must be done at the company. The achievement of the sigma level each period serves as the reference for
the control chart. At this stage, a control chart is created with the goal of determining the upper and
lower limits of control so that it can be determined whether the company's rejects are within reasonable
limits or not.
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4. Conclusions

Based on the results of the company's analysis of production defects using the six-sigma method, it
has a sigma level of 3.36 or is in a 3-sigma condition with a probability of damage of 133,219 for a
million production processes or 13.3% Defect Per Million Opportunities (DPMO) in the 2024 period.
The damage caused during production is then divided into two categories: reject process and reject
nonprocess. Reject Process produces the most product damage, accounting for 57.1% of total damage,
while Reject Nonprocess produces as much as 42.9%. This is caused by machine and human factors such
as a lack of supervision of production employees, regular machine maintenance and repair, and the
selection of high-quality raw materials for use in the manufacturing process. After one month of
implementing and evaluating improvements, there has been a gradual increase in all production
processes, with a sigma value of 8.51 obtained from the most recent calculation for June 2024.

5. Funding

Based on the results of the Company's six sigma analysis of production defects, it has a sigma level
of 8.36 or is in a 3-sigma condition in 2024, with a probability of damage of 133,219 for a million
production processes or 13.3% Defect Per Million Opportunities (DPMO). The damage caused during
production is then divided into two categories: reject process and reject nonprocess. Reject Process
produces the most product damage, accounting for 57.1% of total damage, while Reject Nonprocess
produces as much as 42.9%. This is caused by machine and human factors such as a lack of supervision
of production employees, regular machine maintenance and repair, and the selection of high-quality raw
materials for use in the manufacturing process.

Copyright:
© 2024 by the authors. This article is an open access article distributed under the terms and conditions
of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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