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ABSTRACT  

This study aims to identify the types and causes of defect, and also provide recommendations for improvements to reduce and 

prevent defect in the optical fiber coloring process. The fault Tree Analysis (FTA) Method is used in this study to identify the 

relationship between the causative factors and the shape of the fault tree. The Failure Mode and Effect Analysis (FMEA) method 

is used to analyze the causal factors identified by the FTA method. The results of the FTA Method show that the dominant defect 

type that occurs in the optical fiber coloring process is stripped fiber. The percentage of striped fiber defects is 36% which caused 

by machine, material, and method factors. The final result of the Failure Mode and Effect Analysis (FMEA) method is the highest 

Risk Priority Number (RPN) value, namely clogged ink housings (dies) with an RPN value of 294. 
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1. INTRODUCTION  

Quality is conformance to requirement, which is what is required or standardized [16]. A product has quality if it conforms to 

predetermined quality standards. Quality standards include raw materials, production processes and finished products. One of the 

effective quality improvement models is to identify possible product failures that have the potential to disappoint customers by 

anticipating all stages of product design, process and function [11]. Quality in the manufacturing industry in addition to 

emphasizing on the products produced, must also pay attention to quality in the production process [2]. In fact, it is best if the 

attention to quality is not on the final product, but on the production process or products that are still in the process (work in 

process), so that if there are known defects or errors, they can still be corrected. 

PT. Jembo Cable Company is a company engaged in the manufacturing industry, which produces various types of cables. Fiber 

optic cable is one of the various types of products produced by PT. Jembo Cable Company and is one of the products that are 

produced in large quantities. Quality is one of the important factors that must be maintained by PT. Jembo Cable Company to 

maintain the competitiveness and loyalty of their customers. The production process system has been implemented properly, but 

in fact there are still defects in the products that are not in accordance with predetermined quality standards. 

 

Figure 1. Graph of the Defects Percentage of the Fiber Optic Coloring Process 

Figure 1 shows that In May 2020 - August 2020 the Fiber Optic Coloring Process produced 7,161 drums with an average of 

50,400 Meters per drum. Of the 7,161 drums produced, there were defective products with a defective number of 292 drums, this 
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resulted in a longer repair time. The quality of the resulting product must be maintained and improved so that the company is able 

to compete with other companies and maintain consumer confidence in the company's products. Good product quality and 

according to standards is very important for the sustainability of the company. 

2. LITERATURE REVIEW 

2.1. Fault Tree Analysis (FTA) 

Fault Tree Analysis (FTA) is a technique that provides a systematic explanation of the combination of events that may occur in a 

system that results in damage. The failure tree analysis is a deductive analysis, where an event is caused by a previous event. 

Previous events are caused by further other events, component failure or operator (human) failure. The causes of each failure were 

further analyzed so that it arrived at the basic event conditions. The top event of the failure tree indicates an unwanted event or 

condition. The Top Event must first be identified, then events that directly cause the Top Event to be identified and linked to the 

Top Event using a logical relationship [11]. The Fault Tree Analysis (FTA) method is a technique used to identify risks that play a 

role in identifying risks that contribute to failure [9]. This method is carried out with a top down approach, which begins with the 

assumption of failure from the top event (Top Event) and then details the causes of a Top Event to a basic failure (root cause). 

Logic gates describe conditions that trigger failure, both single conditions and a collection of various conditions. The construction 

of a Fault Tree Analysis (FTA) includes logic gates, namely AND gates and OR gates. A fault tree illustrates the state of the 

system components (basic events) and the relationship between the basic event and the top event represents the connection in the 

logic gate. The FTA steps are as follows: 

1. Identification of the Top Level Event 

At this stage, the type of damage that has occurred (undesired event) is identified to identify system errors. Understanding of 

the system is done by learning all the information about the system and its scope. 

2. Create a Error Tree Diagram 

The fault tree diagram shows how top level events can appear on the network 

3. Analyze the fault tree 

Error tree analysis is used to obtain clear information on a system and the necessary improvements. 

2.2 Failure Mode an Effect Analysis (FMEA) 

Failure Modes and Effects Analysis (FMEA) is a methodology used to evaluate failures that occur in a system, design, process, or 

service. Identification of potential failures is carried out by weighting the value or score of each failure mode based on the level of 

occurrence (occurrence), severity (severity), and level of detection (detection) [10]. FMEA is a powerful preventive method for 

risk management, which aims to eliminate the potential failures associated with individual machine components. FMEA is used to 

identify potential failure modes, determine their effect on product manufacturing, and suggest actions to avoid failure (Suresh et 

al., 2017). Failure Mode and Effect Analysis (FMEA) is a systematic method for identifying and carrying out problem prevention 

solutions to the processes and products to be carried out. FMEA focuses on prevention, increase work safety, increase customer 

satisfaction. FMEA is divided into FMEA design and process FMEA [15]. In the process of making a product, failure can occur, 

which is called failure mode. Each failure mode has a potential cause and effect arising from that failure. In other words, each 

potential effect has its own risks. FMEA process technique is a way to identify failures, effects and risks of processes or products 

and solutions to reduce these failures. The risk of failure and its effects is determined by the following three factors [8]: 

[1] Severity 

Severity is a matter of identifying the potential impact of a failure by ranking failures according to their consequences. The 

level of effect of failure (severity) has a ranking of 1 to 10. For Rank 1 is the lowest seriousness level (low risk) and rank 10 

is the highest seriousness level (high risk). 

[2] Occurrence  

Occurrence it is probable that such causes could occur and result in a form of failure over the life of the product. The 

occurance ranking is ranked 1-10. For rank 1 is a low incidence rate (not often) and ranking 10 is a high incidence rate (often) 

[3] Detection  

Detection is a method (procedure), test, or analysis to prevent failure of a service, process, or customer. In determining the 

Detection ranking, there is a ranking of 1-10. Rank 1 is the level of control that can detect failure (always can) and ranking 10 

is the level of control that cannot detect failure. 

FMEA recognizes what is called a Risk Priority Number (RPN), which is a value that will describe which areas need to be our 

priority for improvement. RPN is measured based on rating considerations from the three factors above, namely Severity, 

Occurrence, and Detection. 
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3. RESEARCH METHODOLOGY 

Figure 2 shows that in this study, researchers used literature and expert interviews to identify what types of defects occur in the 

optical fiber coloring process. This research involved 3 experts in the field of production. Respondents' positions and years of 

service indicate their expertise. Then the researchers designed the FTA model, so that it can be known what factors cause defects 

in the product. The identified factors then become input for the FMEA method. the result of FMEA is in the form of RPN value 

which will be the basis for proposed improvements to be made, to improve product quality.  

 
Figure 2. Research Steps Using FTA and FMEA 

 

4. RESULT AND DISCUSSION 
 

4.1. Defect Identification 

Data collection carried out in this study sourced from PT. Jembo Cable Company. The data taken is in the form of production data 

and defect data that occurred in the Optical Fiber Coloring Process for the period May-August 2020, as well as the Fiber Optic 

Coloring Process flow. Based on the results of data collection that has been done, it is known that the types of defects that occur in 

the optical fiber coloring process are 4 (four) types of defects, namely: Striped Fiber, Broken Fiber, Sticky Fiber and Charred 

Fiber. This data collection is obtained through an interview process with the Qualiy Control (QC) Department and machine 

operators. Direct observations in the field were also carried out by researchers to adjust secondary data obtained from the 

company and see actual conditions during the production process. Figure 3 shows the largest to the smallest types of defects are as 

follows: 

1.Defect type of Striped Fiber with a defect percentage of 36.00% 

2. Types of sticky fiber defects with a defect percentage of 22.90% 

3. types of broken Fiber defects with a defect percentage of 20.90% 

4. defective type of Charred Fiber with a defect percentage of 20.20%. 

 

Figure 3 shows that the most dominant type of defect is Striped Fiber defect with a defect percentage of 36.00%. So that the main 

repairs are focused on the Fiber Striped defect. 
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Figure 3.Pareto Chart Of Defect 

4.2. Fault Tree Model 

FTA is used to determine what factors cause the defect of striped fibers. From the results of the analysis that has been made using 

Fault Tree Analysis (FTA) based on Figure 4. The factors that cause the occurrence of striped fiber defects in the optical fiber 

coloring process are the factors of Material, Machine, and Methods. These factors are as follows: 

1. Machine factor 

The machine factor is one of the most important factors, with the machine really helps the smooth running of the production 

process. However, with a procedure or method that is not done properly, the machine cannot produce the output according to 

what has been determined. This striped fiber defect is influenced by several reasons, including: a) The staining result is less 

than perfect, this happens because the Dies / ink house is clogged and the ink mixing is not evenly distributed. b) Incomplete 

drying, this happens because of the lack of heat generated by the UV Tube 

2. Material Factors 

The use of good quality materials determines the results of a quality product. So material selection is an important factor in 

the production process. This striped fiber defect is influenced by several reasons, including material quality that is not 

standard, coloring ink that has expired which makes the quality of the material used does not meet standards 

3. Factor Methods 

The method used in the production process plan determines the results and also the quality of the products produced. Method 

errors can be a loss for the company. This is what causes striped fiber defects where the cause is incorrect machine setting 

that is, there is still a lack of nitrogen needed when starting loading 
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Figure 4. Fault Tree Model 

4.3. FMEA 

Failure Mode and Effect Analysis (FMEA) functions to provide weighting for the Severity, Occurance, and Detection values 

based on the potential effects of failure and causes of failure, then the results are obtained for the Risk Priority Number (RPN) 

value. The RPN value is obtained from the results of the assessment carried out by the company who is an expert / expert selected 

to fill out the FMEA questionnaire. Questionnaire fillers are people who understand and have a position in the company's 

organizational structure. The value of Severity (S) is obtained from data on the number of production and disabilities, then an 

interview is conducted to find out the weight of the value that corresponds to the impact of the disability that occurs in the 

Coloring Process, by ranking failures according to the consequences. The Occurance (O) value is obtained by interviewing the 

company by ranking it based on the average incidence of each of the factors that cause disability in the Coloring Process. The 

Detection value (D) is obtained by conducting interviews with the company based on the level of control in the Coloring Process 

which is able to detect failure or not. Table 1 shows the RPN values generated for each cause of disability. 

 

Table 1. Failure Mode and Effect Analysis (FMEA) 
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In Table 1, we can see the results of the calculation of the Risk Priority Number (RPN), and it is known that the cause of the 

highest Striped Fiber failure in the Optical Fiber Coloring Process is the Clogged Dies Section with an RPN value of 294. 

4.4. Proposed Improvement 

The proposed plan to improve product quality to reduce striped fiber defects in the coloring process will be carried out using the 

5W + 1H method. This method will identify each cause of the failure mode that exists, by clarifying what the repair plan is, why it 

needs fixing, where to fix it, and who is fixing it and how to fix it. Table 2 shows the proposed improvements that can be done to 

reduce the possibility of fiber defects that occur. This proposal is expected to improve product quality periodically and gradually 

in the future. 

Table 2. 5W +1H  

Types 

of 

Defects 

Cause of 

failure 
What (What is the 

plan for repair?) 
Why (Why is 

it necessary 

to repair?) 

Where (Where 

is the repair 

done?) 

When (When 

was the repair 

done?) 

Who (Who 

made the 

repair?) 

How (How did the 

repair be made?) 
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Dies 
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cleaning on the 

Dies soaked in 

thinner 
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striped fiber 
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carried out on 

the ink bottle 

tubes, hoses 

and dies 

housing. 

Every 400 km 

of the process 

or when the 

color change 

is done 

machine 

operator in 

the process 

coloring 

operator performs 

cleaning Dies with 

thinner immersed in 

the ink bottle tube, 

hose and die 

housing every 400 

km of the process or 

When changing 

colors. 

stirring 

the ink 

unevenly 

Adding speed and 

time to the ink 

mixing machine 

or purchasing an 

ink mixing 

machine with 

better specs so 

that the ink 

and oil can be 

blended 

evenly 

In theProcess 

area Coloring 
Before the 

production 

process starts 

Machine 

operator in 

the 

coloring 

process 

Operator add speed 
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mixing machine or 
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purchase of an ink 
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spec 

 

5. CONCLUSION 

Based on the results of research conducted on the Fiber Optic Coloring Process, the most dominant type of defect in the Optical 

Fiber Coloring Process during the period May 2020 - August 2020, is a type of striped fiber defect with a defect percentage of 

36.00% of the 4 types of defects that occur. The causes of the Striped Fiber defect are:Machine factor (clogged Dies / Ink House, 

uneven ink stirring, and less hot UV tube), Material factor (Ink dye used has expired), Factor Methods (Nitrogen filling is still 

lacking). Proposals for improvements given to overcome the occurrence of striped fiber defects based are perform routine cleaning 

on Dies using thinner on the ink bottle tube, hose and Dies house every 400km of the process or when doing a color change, 

adding speed and time to an ink mixer or proposing a purchase of an ink mixer with better specifications, routinely check the 

nitrogen tube every time it starts loading to ensure that nitrogen needs are up to the standard, make an agreement with the dye ink 

supplier to send the material according to the required standard and timeframe, as well as double-check when the material arrives 

so that it is expected that in purchasing dye ink to get the best quality possible, make a checklist of the lifetime of UV lamp tools 

to quickly detect if the UV lamp has decreased performance, so that it is replaced as soon as possible by the maintenance 

department according to its lifetime so that the heat generated can be better. 
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