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PT. RST, a leading paper factory in Indonesia, prioritizes 

timely production by optimizing productivity, efficiency, and 

paper quality. This study assesses the reliability of the Cut 

Size (CS) paper cutting machine, which is enhanced through 

the implementation of Total Productive Maintenance (TPM) 

as a management philosophy to ensure high-efficiency 

operations. To evaluate machine performance, Overall 

Equipment Effectiveness (OEE) measurement was used. The 

data was collected from January to September 2023. Hence, 

an analysis was conducted to improve the performance of the 

CS machine. The average OEE value of 70.9% falls short of 

the target of 72%. This research aims to improve the 

performance of the CS machine through the TPM approach, 

focusing on the Focused Maintenance pillar. Using tools such 

as Pareto diagram, why-why analysis, fishbone diagram, and 

the 5W1H method, several sources of problems causing the 

decrease in OEE value will be identified and addressed. 

 

KEYWORDS: Total Productive Maintenance (TPM), Cut 

Size (CS), Overall Equipment Effectiveness (OEE). 

 

 

NOMENCLATURE 
Av Availability   

LT Loading Time 

DT Downtime 

TAv Time Available 

PSD Plan Shutdown 

EqF Equipment Failure 

SL Setup Losses 

BD Breakdown 

PDT Process Downtime 

CgR Change Roll  

 

CgW Change Wrapper 

CgO Change Order 

CgS Change Size 

PE Performance Efficiency 

RSL Reduced Speed Losses 

DSp Design Speed 

OSp Operation Speed 

QR Quality Rate 

Dfp Defect in Process 

Df Defect 

Ru Roll Used 

  

 

1.0 INTRODUCTION 
 

PT. RST, as one of the leading international-scale paper 

factories in Indonesia, which fulfilling global demand for 

paper, catering to the ever-growing market needs. Timely 

delivery of products is crucial for PT. RST, and the 

availability of these products heavily relies on the 

dependability of paper cutting machines, which directly 

influences productivity, efficiency, and paper quality. PT. 

RST utilizes the Total Productive Maintenance (TPM) 

concept as a management philosophy to ensure that 

production equipment and machines operate at high efficiency 

levels. Within the TPM concept, one method used for 

measuring machine performance is calculating the Overall 

Equipment Effectiveness (OEE) value, a critical indicator for 

evaluating machine performance in daily operations [1], [2]. 

OEE measurement is a significant method for assessing 

production machine performance, encompassing three 

interconnected factors: availability, performance, and quality. 

This method is used to determine how efficiently and 

productively a machine operates. During 2023, from January 

to September, the average OEE value generated by the CS 

paper cutting machines owned by PT. RST was 70.9%, as 

shown in Table 1 (PT. RST, 2023). Based on the average 

OEE value produced by the Cut Size machines, it appears that 

the TPM concept implemented by the Finishing Department is 

not optimal, as indicated by performance below the 

company's set target of 72% (PT. RST, 2023). 
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Table 1: The OEE CS Jan – Sept 2023 (PT. RST, 2023) 

 
 

This research is an expansion of a previous study [3] that also 

examined the effectiveness of CS paper cutting machines. The 

objective was to pinpoint potential sources of problems that 

could lower OEE values and devise action plans to eliminate 

and prevent issues affecting OEE through the TPM Focused 

Maintenance pillar. The OEE is a standard for measuring 

factory performance, introduced by Seiichi Nakajima in the 

early 1970s during his tenure at a Japanese factory 

maintenance institute. It is essential in production processes to 

maintain machine performance and availability. Higher values 

in these two variables theoretically lead to better product 

quality as well [4]. Nakajima [1] observed that world-class 

companies maintain high levels of availability, performance, 

and quality in their equipment, which are key components for 

achieving high OEE scores. World-class companies are 

renowned for having OEE scores of 85% or higher. 

According to [5][6], the three OEE factors can be 

explained as follows: 

- Availability: Measures the time used for business or 

personal operations in a day, comparing equipment 

loading and downtime. 

- Performance Efficiency: Compares equipment speed 

during production with its maximum speed. 

- Rate of Quality: Determines product quality by comparing 

production to the total material used. 

 

The concept of six big losses, developed by Nakajima within 

TPM, categorizes productivity losses from an equipment 

perspective, addressing common causes of equipment-based 

productivity loss in manufacturing. According to Nakajima 

[1], the six big losses are as follows: 

1. Equipment failure: Refers to scheduled production 

periods interrupted due to various reasons, including 

major equipment failures such as machines or tools 

malfunctioning or breaking down, hindering the smooth 

production process. 

2. Setup and adjustment: The period during which 

equipment should be operating to produce goods but is 

hindered by a series of setup or other preparation 

activities. 

3. Idling and minor stops: Periods when scheduled 

production equipment can be disrupted by various minor 

issues, including material feeding errors, material spills 

affecting machine performance, or incorrect settings 

affecting production outcomes. 

4. Reduced speed: Any decrease in production process speed 

can result from various factors, ranging from equipment 

production issues, operator errors, to process defects 

themselves. 

5. Process defects: Defects occurring in the manufacturing 

process can lead to significant waste, including wasted 

raw materials, rework, or generated waste. 

6. Reduced yield: Product losses due to defects or issues 

during the manufacturing process can directly impact 

production efficiency and the quality of the final product. 

 

Total Productive Maintenance (TPM) began development 

in the 1970s in Japanese companies and was later applied in 

US manufacturing industries. Maintaining equipment 

conditions that support production process execution is 

crucial in implementing production unit maintenance. The 

goal of productive maintenance is to achieve what Nakajima 

[1] refers to as profitable PM. Figure 1 illustrates the general 

development of maintenance methods. 

 

 

Figure 1: Maintenance methods development 

 

TPM is a proactive approach that involves total participation 

from all employees within an organization to ensure 

continuous improvement of equipment and processes, 

focusing on eliminating all types of losses, including 

breakdowns, setup and adjustment times, downtime and 

minor stops, reduced speed, and defects. TPM also 

emphasizes the development of a culture of continuous 

improvement and overall equipment effectiveness (OEE) 

enhancement through the implementation of autonomous 

maintenance, planned maintenance, focused improvement, 

and other related activities [7]. 

The TPM is a holistic approach to equipment maintenance 

aimed at achieving flawless production by minimizing 

breakdowns and minor stops, creating a safe working 

environment, and emphasizing preventive and proactive 

maintenance to maximize equipment operational efficiency 

and involve everyone in the organization, from top 

management to production mechanics and support groups. 

TPM blurs the lines between production and maintenance 

roles by empowering operators to help maintain equipment, 

creating shared responsibility for equipment that encourages 

greater involvement by shop floor workers [8]. 

The TPM is a close cooperation between maintenance and 

the entire organization, aiming to improve production quality, 

reduce waste, lower production costs, enhance equipment 

capabilities, and develop the overall maintenance system in 

manufacturing companies. TPM activities and actions focus 

not only on preventing machine or equipment breakdowns 

and minimizing machine or equipment downtime but also 

address various factors that can lead to losses due to low 
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equipment efficiency, causing losses for the company [9], 

[10]. The TPM approach, as demonstrated in research 

conducted by Sahu & Mishra [11] at a steel factory, the study 

results indicated a significant improvement in equipment 

effectiveness and overall production rate after implementing 

TPM, while reducing defects and rework. Additionally, 

maintenance costs and repair time also decreased. Time 

wastage, such as downtime, reduced rework, and job 

rejection, could be successfully eliminated. Singh et al. [12] 

mentioned in their study on implementing TPM in an 

automotive company's machine workshop that TPM's success 

depends on various pillars like 5-S, Jishu Hozen, Planned 

Maintenance, Quality maintenance, Kaizen, Office TPM, and 

Safety, Health & Environment. OEE increased from 63% to 

79%, showing productivity and product quality 

improvements. 

A study on implementing TPM strategies to improve OEE 

in the jute industry in Bangladesh by Haider & Rafiquzzaman 

[13] found that equipment failure losses reduced by 14.84% 

through continuous improvement. Defect rates decreased by 

19.45% through preventive action. Most importantly, OEE 

increased by 3.8% by enhancing productivity and product 

quality. However, the researched company faces many 

challenges. Their OEE (58.81%) is still significantly lower 

than the benchmark for world-class manufacturing OEE 

(85%). Nevertheless, this research, through TPM 

implementation, provides insights for companies to 

understand OEE issues and how to improve them. 

To succeed in TPM using a comprehensive approach 

emphasizing synergy between maintenance and overall 

organizational effectiveness, there are eight fundamental 

pillars as seen in Figure 2. Each addresses specific aspects 

crucial for optimizing equipment, improving productivity, and 

fostering a culture of continuous improvement in the 

manufacturing environment. The eight pillars include focused 

maintenance, planned maintenance, autonomous maintenance, 

early management, quality maintenance, training and 

education, office TPM, and safety, health, & 

environment[14], [15], [16], [17]. Focused maintenance, also 

known as focused improvement, is a systematic problem-

solving approach aimed at identifying and eliminating root 

causes of equipment-related losses. It is one of the eight 

common pillars supporting improvement goals in TPM [18], 

[19]. Focused improvement is a systematic approach to 

problem-solving aimed at identifying and eliminating sources 

of inefficiency, defects, and waste in manufacturing processes 

to achieve higher quality, productivity, and cost-effectiveness 

[20]. 

Kaizen is a management philosophy originating from 

Japan and is often considered the key to Japan's success in 

maintaining competitiveness in the global market. The term 

"Kaizen" comes from Japanese, consisting of two words: 

"kai" meaning change, and "zen" meaning good or better. 

Therefore, Kaizen, which translates to "continuous 

improvement" in Japanese, is a key concept in lean 

manufacturing. It involves making small, incremental changes 

to processes and systems to enhance efficiency, quality, and 

safety. Kaizen is a bottom-up approach that encourages all 

employees to identify and solve problems rather than relying 

solely on management decisions [21], [22], [23]. Masaaki 

[24] explains that one of the fundamental principles of Kaizen 

is the active participation of all employees in continuous 

improvement processes. 

 

Figure 2: TPM pillars 

 

In Kaizen, all employees are encouraged to actively 

participate in finding solutions to problems and improving 

performance. Additionally, Kaizen emphasizes the 

importance of using data and facts in decision-making, as well 

as the development of employees' skills and abilities. 

The PDCA cycle (Plan-Do-Check-Act), as seen in Figure 

3, also known as the Deming Cycle, is a fundamental 

principle of the scientific method based on the proposition of 

change, implementing change, measuring results, and taking 

appropriate action. The relationship between Kaizen and the 

PDCA concept is crucial. Kaizen, meaning "continuous 

improvement" in Japanese, focuses on implementing small 

changes every day that lead to significant improvements over 

time. The PDCA process supports both the principles and 

practices of continuous improvement and Kaizen [25], [26], 

[27], [28]. 

A Pareto diagram, also known as a Pareto chart, is a 

graphical representation of data that helps identify the most 

significant factors contributing to a problem or issue. The 

diagram aids in identifying the most significant factors 

contributing to a problem or issue, allowing businesses to 

focus resources on the aspects that have the greatest impact on 

the company. Pareto charts are useful in manufacturing 

settings for analyzing quality and defect data and can be used 

to pinpoint defects that need prioritization to achieve the 

greatest overall improvements [29], [30], [31]. While initially 

used for analyzing quality issues in manufacturing, Pareto 

diagrams can also be applied in various other contexts such as 

project management, customer service, and even strategic 

decision-making. Pareto diagrams can help identify areas 

where quality improvements will have the greatest impact, 

allowing for a more focused approach on crucial aspects, 

thereby achieving quality improvements more efficiently [32]. 

 

 

 

Figure 3: PDCA cycle 
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Fishbone analysis, also known as cause-and-effect 

diagrams or Ishikawa diagrams, is a visual tool used to 

identify and organize potential causes of a specific problem or 

effect. It is a structured approach that helps generate cause 

ideas for a problem and is often used in root cause analysis. 

The diagram resembles a fishbone, with the problem or effect 

placed at the fish's head and its causes extending to the left 

like fish ribs. Major causes branch off from the backbone, 

while additional branches indicate source causes. This 

diagram helps separate the content of an issue from its history 

and allows team consensus on the problem and its causes 

[33]. The steps in creating a fishbone diagram [34] are as 

follows: 

• Agree on the problem statement (effect). The initial step 

in creating a fishbone diagram is to formulate a clear and 

detailed statement about the problem or effect being 

faced. 

• Create main categories of causes and connect to the "fish 

backbone." After creating the problem statement, the next 

step is to create broad categories that could potentially 

cause the problem. For example, if using 5M/6M, this 

could mean man (human), machine, method, material, 

measurement, and if using 6M, environment could be 

added. 

• Identify and list possible causes within each category, 

drawing small lines to represent sub-causes if needed. 

• Here, each main category is further divided into sub-

categories or specific possible causes. For example, under 

the human category, sub-categories could include 

inadequate training, workload overload, or lack of skills. 

Then, small lines (branches) are used to connect these 

sub-categories to the fish backbone. 

• Analyze the diagram to identify potential causes of the 

problem. Once the entire diagram is filled with various 

possible causes, this stage involves in-depth analysis to 

identify the potential causes that may be the source of the 

problem. 

After the causes have been identified, improvement steps can 

be tested, implemented, and then re-analyzed through an 

iterative process, making fishbone analysis not just a tool for 

identifying problems but also for delving deeper and 

addressing their underlying sources [31], [35]. 

The Why-why analysis is a simple investigation method 

developed by Sakichi Toyoda, the founder of Toyota 

Industries. This method aims to uncover the root cause of a 

problem by asking "why" repeatedly until reaching the 

fundamental source. This technique is based on the idea that 

by asking "why" repeatedly, one can understand the 

underlying cause of a problem rather than just addressing its 

symptoms [36]. The 5W1H method is a problem-solving 

technique that helps view ideas and problems from various 

perspectives. It is a question-and-answer method aimed at 

understanding problems better and finding their root causes. 

The abbreviation 5W1H stands for what, where, when, why, 

who, and how. This method is often used in brainstorming 

sessions to generate new ideas or find solutions to problems. 

It can also be used in project management to ensure all factors 

are considered before taking action. This method allows for 

understanding the situation by analyzing all aspects to identify 

the problem. By using the 5W1H method, teams can develop 

precise and effective solutions that address the underlying 

problem rather than just dealing with its symptoms [37]. 

2.0 METHODOLOGY 
 

2.1 Data Collection 

The analysis process in this study began by recalculating 

the OEE values of PT. RST using the Nakajima concept [1]. 

All data needed for the calculations were collected. The 

method used for data collection in this research involved 

conducting question-and-answer sessions with several experts 

in the CS paper cutting machine. Several parameters used in 

the OEE calculation are as follows: 

• Time available: the time available to run the machine for 

production processes. 

• Plan shutdown: planned downtime for maintenance or 

repair of equipment and machine components. 

• Operating time: the time the machine is actively operating 

outside of planned downtime. 

• Unplanned shutdown/breakdown: unplanned downtime 

due to equipment failure or disruption. 

• Process downtime: downtime during the production 

process. 

• Setting and adjustment time: time required to set up and 

adjust the machine for changes. 

• Weekly cleaning: time spent cleaning the machine 

periodically. 

• Fogging: downtime for eliminating all types of potentially 

falling insects entering the production process through 

fogging. 

• Change roll: time required to change paper rolls. 

• Change wrapper: time required to change product ream 

packaging. 

• Change order: time required to change production orders. 

• Change size: time required to change product size. 

• Operating speed: the actual operating speed of the 

machine. 

• Design speed: the maximum design speed of the machine. 

• Net production: the net production output of the machine. 

• Roll used: the number of paper rolls used in production. 

 

2.2 Data Processing 

The series of fundamental calculations is carried out to re-

evaluate the values obtained by PT. RST in order to measure 

and evaluate the performance of the CS paper cutting machine 

involving six big losses as seen in Figure 3. 

 

 

Figure 3: Six Big Losses Diagram 

 

In line with Nakajima's concept [1], Equation 1 is used to 

calculate the availability value used by PT. RST, which 

involves time wasted due to equipment failure and setup and 
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adjustment losses. Furthermore, Equations 2 through 5 are 

sequentially used to calculate loading time, downtime, 

equipment failure, and setup losses. 

Av  (1) 

LT = TA – PSD (2) 

DT = EqF + SL (3) 

EqF = BD + PDT (4) 

SL = (CgR + CgW + CgO + CgS) (5) 

The total equipment failure/breakdown time calculation 

measures the total time when the machine experiences 

unplanned failures or damages, including downtime due to 

technical issues affecting production and stoppages due to 

errors in the production process. For the calculation of total 

setup and adjustment loss or setup losses, this study calculates 

the total time spent on each setup, material changeovers, 

machine adjustments before production, as well as time used 

for machine cleaning and insect elimination efforts through 

fogging at PT. RST. This is time that does not directly 

contribute to production and can affect machine availability. 

In the context of performance efficiency calculation, in 

line with the concept of six big losses, it involves idling & 

minor stoppage and reduced speed losses in its calculations 

[1]. However, due to data collection at PT. RST being 

manual, and specifically for idling & minor stoppage, which 

would obviously keep operators busy recording such minor 

disruptions, it does not use calculations in time units but 

rather uses units of production speed in reams per minute. 

To accommodate this limitation, this study only focuses 

on calculating reduced speed losses, along with several main 

causes of this speed loss. Equation 6 is used to calculate the 

value of production machine performance efficiency. Then, 

Equation 7 is used to calculate the value of the reduce speed 

losses that occur. 

 

PE = 100% - RSL (6) 

RSL = (DSp- OSp)/DSp x 100% (7) 

This calculation compares the actual operating speed of 

the machine with the design speed of the machine. Thus, this 

study will help identify to what extent the machine operates at 

the expected speed and whether there are differences between 

actual performance and expected performance due to various 

factors, both internal machine issues and external machine 

factors. This will enable understanding the factors affecting 

speed loss and assess its impact on operational efficiency. 

In the process of calculating production quality on the CS 

paper cutting machine, it involves calculating Defect in 

process and reduced yield [1]. However, in the PT. RST 

environment, where no new products are produced, the 

reduced yield calculation is not applied in the OEE 

calculation process. Similarly, PT. RST does not use time 

units in quality rate calculations, but rather uses a calculation 

by comparing net production output with raw material used. 

Equation 8 is used for calculating the quality rate value and 

Equation 9 is used to calculate the value of defects that occur 

during the production process. 

 

QR = 100% - DfP (8) 

DfP = x 100% (9) 

 

 

The defect in process calculation is an important aspect in 

assessing the production quality of the CS machine. This 

section calculates the amount of raw material (paper) lost due 

to defects or errors in the production process compared to the 

total amount of raw material used. Next, the results of the 

availability, performance efficiency, and quality rate 

calculations are combined for the OEE calculation. Equation 

10 is used to calculate the OEE value generated by a 

production machine. 

 

OEE = Av x PE x QR                                              (10) 

 

 

3.0 RESULT AND DISCUSSION 
 

3.1 The OEE Calculation 

According to Equations 1 through 4, for the availability 

calculation, the values of availability for the CS machine 

during January to September 2023 based on the re-evaluation 

can be seen in Table 2. Similarly, as per Equations 6 and 7, 

for the performance efficiency calculation, the performance 

values for the CS machine based on the re-evaluation can be 

seen in Table 3. Following Equations 8 and 9 for the quality 

rate calculation, the quality rate values for the CS machine 

based on the re-evaluation can be seen in Table 4. Table 5 

shows the OEE values for the CS machine owned by PT. RST 

based on the re-evaluation conducted in this study. The OEE 

value calculated by PT. RAK previously seen in Table 1 was 

70.9%. However, the OEE value based on the re-evaluation 

using Nakajima's concept (1988) in Table 5 is 71.1%. The re-

evaluation results in this study offer a new perspective on PT. 

RAK regarding machine efficiency calculation.  

 

Table 2: The CS availability Jan-Sept 2023 (re-calculate) 

 
 

Table 3: The CS performance Jan-Sept 2023 (re-calculate) 
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Table 4: The CS quality rate Jan-Sept 2023 (re-calculate) 

 
 

Table 5: The CS of the OEE Jan-Sept 2023 (re-calculate) 

 
 

The study reveals that the difference stems from the allocation 

of machine downtime values, particularly related to weekly 

cleaning and fogging activities. The research found that PT. 

RAK included machine downtime for these activities in the 

non-allowed downtime category. However, it becomes 

intriguing when realizing that these activities are actually 

planned to be carried out every month as part of routine 

maintenance. The inaccurate placement of downtime values 

directly affects the machine availability calculation and 

certainly affects the obtained OEE value. Although there is a 

difference of 0.2% in the calculated OEE value, the average 

OEE result still falls short of the Company's target, which is 

set at 72%. This result illustrates the complexity of challenges 

faced by the Cut Size machine in achieving the expected 

efficiency level. 

 

3.2 Finding Problematic Using Pareto Diagram 

To identify the focus areas for improvement that can 

significantly impact OEE value, this research employs the 

Pareto diagram as the primary analytical tool. By utilizing the 

Pareto diagram, the research provides a visual perspective 

revealing the contribution of each Cut Size machine to the 

most noticeable OEE decrease. The Pareto diagram unveils 

information that enables researchers to identify which Cut 

Size machines contribute the most to the low OEE value. In 

Table 6, there are OEE gap values for each machine against 

the set target. The analysis of OEE gap values from each 

machine is done meticulously, and then, using the Pareto 

diagram as shown in Figure 4. It can identify the machines 

that contribute the most to the gap. The Pareto diagram allows 

the author to prioritize machines that require more attention in 

efforts to improve performance effectively. 

By applying the 80-20 concept from the Pareto diagram, 

this research identifies the main focus on Cut Size machines 

that significantly contribute to the OEE value decrease, thus, 

in Figure 4, it is identified that CS1, CS6, and CS2 are the 

main focus that plays a role in influencing overall operational 

performance. 

 

 
Figure 4: Pareto for OEE gap 

 

The next step is to examine each parameter contributing to the 

low OEE value. The analysis of OEE parameters involves a 

comprehensive evaluation of several variables, including 

machine downtime, production speed, and quality level of 

production results. Table 7 shows some of these OEE value-

forming parameters for CS1, CS6, and CS2 machines. 

 

Table 6: Gap of CS’s OEE 

  CS1 CS2 CS3 CS4 CS5 CS6 CS7 CS8 CS9 CS10 

Average of 

OEE 
64.2 68.8 73.7 71.9 72.1 68.5 69.2 72.3 75.1 75.5 

Gap OEE 7.8 3.2 -1.7 0.1 -0.1 3.5 2.8 -0.3 -3.1 -3.5 

 

Table 7: OEE parameters value of CS1, CS6 & CS2 

  CS1 CS6 CS2 

Availability 81.5 82.9 88.7 

Performance 83.5 86.8 78.7 

Quality 94.3 95.0 99.5 

 
Continuing the in-depth analysis of OEE value-forming 

parameters on the selected Cut Size machines, findings 

emerge from this research. For CS1 machine, it is revealed 

that availability plays a role in decreasing the OEE value. A 

similar observation can be found in CS6 machine, where 

availability value becomes the main focus of the potential 

improvement area to optimize operational efficiency. 

Meanwhile, when highlighting CS2 machine, the analysis 

results show that performance value becomes the spotlight 

that significantly impacts the decrease in OEE value. The 

equipment failure plays a crucial role in decreasing 

availability value. Table 8 shows equipment failure data that 

occurred in CS1, and Table 9 shows equipment failure data 

that occurred in CS6 during January to September 2023. In 

Figure 5, it can be clearly seen that issues like bad folding 

carton, ream jam, and strapper problem are the main problems 

that decrease CS1 availability value. And in Figure 6, it can 

be clearly seen that issues like paper jam, bad folding 

wrapper, ream jam, sheet stacking out, and misalignment 

wrapper are the main problems that decrease CS6 availability 

value. 
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3.3 Finding the Root Causes Using Why-Why Analysis 

The next step is the search for the root causes of each 

problem using the why-why analysis method. This process 

becomes a crucial step to detail more deeply and understand 

the fundamental reasons behind each problem affecting the 

performance of Cut Size machines. Involving collaboration 

from experienced teams in Cut Size machine operations, 

namely the Finishing Maintenance Head, Senior Mechanical 

Supervisor, Senior Mechanical Specialist, and Senior Process 

Engineer explored as far as possible every layer of problem 

causes. In Table 10, there’s a list of issues that decrease the 

availability value for CS1 and CS6 based on the Pareto 

diagram, which can be seen in Figures 5 and Figure 6. 

Each problem listed in Table 10 will be formulated 

together with the aforementioned experts using the why-why 

analysis method. From several machine problems causing a 

decrease in the availability value of machines CS1 and CS6, 

which were investigated using the why-why analysis method. 

The several problems leading to recommendations for 

periodic replacement activities were identified. Further 

information can be found in Table 11. All periodic component 

replacement activities should consider historical data on the 

replacement of each component to determine the optimal 

replacement time. 

 

Table 8: Problem for equipment failure at CS1 

 
 

 

Table 9: Problem for equipment failure at CS6 

 

 

Figure 5: Pareto for equipment failure in CS1 

 

 

 

Figure 62: Pareto for equipment failure in CS6 

 

 

Table 10: Problem listed 

 
 

Furthermore, from the investigation results using the why-

why analysis method for machines CS1 and CS6, several 

issues leading to recommendations for periodic cleaning, 

checking, and tuning activities were found. Detailed 

information can be found in Table 12. All these recommended 

activities need to be published and socialized to all team 

members to be implemented optimally, so that the same 

problems do not occur again. For problems requiring 

additional action plans, further discussions are held to 

formulate the appropriate plan for problem resolution. Details 

regarding some of these issues can be seen in Table 13. 
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Table 11: List for periodic component replacement 

 
 

Table 12: List for regular maintenance activities 

 
 
3.4 Finding the Root Cause of CS2 Problems with the 

Fishbone Method 

The use of the Fishbone diagram is an important step in 

detailing the sources of problems that occur in complex 

issues. Highlighting the decrease in OEE value on machine 

CS2 as seen in Table 7, the main problem identified is the 

performance efficiency of the machine. The decrease in 

performance efficiency is mainly caused by operating the 

machine at a speed below the design's intended speed. By 

categorizing each potential cause into categories such as 

human, method, material, machine, and environment, the 

Fishbone method provides a comprehensive view of the 

sources of problems. By exploring every possible cause in 

detail, ensuring there are no limitations in detailing the factors 

affecting CS2 machine performance. 

Table 13: List of issues that require action plan 

 
Table 14: List of major CS2 problems  

 
 

Figure 7 shows the Fishbone diagram created from 

collaboration among experts. Through the approach of the 5 

main categories, namely human, method, material, machine, 

and environment, we can see several major problems that 

could potentially slow down the machine. This table shows 

problems from various aspects, which then become the focus 

for developing improvement plans to enhance machine 

performance. From the analysis with the Fishbone diagram, 

several root problems causing the main decrease in the speed 

of Cut Size machine CS2 can be identified. Detailed 

information about the main problems revealed through 

Fishbone analysis can be found in Table 14. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Fishbone diagram of CS2 speed reduction 
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Table 1615: Action plans for CS1 & CS6 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Table17: Action plans for CS2 

 
3.5 Determining Action Plan with 5W1H Method 

Table 13 lists the identified problems with Cut Size 

machines CS1 and CS6, which require detailed action plan. 

Detailed analysis is then carried out for each problem using 

the 5W1H method. This method allows us to understand the 

essence of the problem by asking questions about what the 

problem is, why it occurs, how the improvement steps will be 

implemented, where the action plan will take place, when the 

implementation schedule is, and who is responsible for 

executing the action plan. Table 14 provides details of the 

action plans prepared to address the main problems that can 

affect the availability of machines CS1 and CS6. A similar 

process is also carried out for problems identified through the 

Fishbone diagram method, which can then be transferred into 

Table 16, affecting the performance of machine CS2. 

Furthermore, in Table 17 provides further details of the action 

plans prepared to address the main problems identified earlier, 

focusing on optimizing CS2 machine performance. 

 

4.0 CONCLUSION 
 

In order to identify the source of problems that could decrease 

the performance of the Cut Size machines owned by the 

Finishing Department, the research begins with recalculating 

the OEE value of these machines. An interesting difference 

was found in the calculation of the OEE value, especially 

regarding the inclusion of machine downtime for weekly 

cleaning and fogging activities. The Finishing Department 

included the machine downtime for these activities in the non-

allowed downtime category, which affects the machine 

availability calculation and the overall OEE value. Although 

there was a 0.2% improvement in recalculating the OEE value 

of the Cut Size machines, the average OEE value obtained 

(71.1%) still falls short of the company's target set (72%).  

Furthermore, in order to eliminate and prevent the 

recurrence of the same problems, by applying the focused 

maintenance pillar of TPM, through the 80-20 concept from 

the Pareto diagram, it was identified that CS1, CS6, and CS2 
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are the main focus areas affecting overall operational 

performance. Availability value plays a crucial role in 

reducing the OEE value for CS1 and CS6, while the 

performance value influences the decrease in OEE value for 

CS2. The Pareto diagram also reveals significant 

contributions from equipment failures in CS1 and CS6 that 

affect machine availability and OEE value. 

Based the why-why analysis method, several 

recommendations for periodic component replacement and 

periodic maintenance activities were generated to help 

improve machine availability and OEE value. Additionally, 

by using the fishbone method and 5W1H, action plans were 

identified to address the identified problems, starting from 

component replacement to operator training, thereby reducing 

the likelihood of recurring problems in the future. 
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