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Article Info  ABSTRACT 

Article history  PT Tirta Investama Pandaan Plant is a manufacturing 
company focused on mineral drinking water (Bottled Water) 
production. So as to produce a standards product need to 
take the role of the machine to help people to do it, in the 
production process machine performance is still not 
effectively and efficiently yet, so that need for machines 
maintenance and performance measurement. One method 
used to measure the effectiveness of that Overall Equipment 
Effectiveness (OEE). The principles contained in this 
method are Avaibility, Performance and Quality. From the 
results of research conducted Contiform machine OEE 
values obtained 75.62%. Therefore, according JIMP could 
not be categorized as a Word Class Company. It is necessary 
to Six Big Losses calculation that includes Equipment 
Failure Set up and Adjustment Losses, Idle Stopppage 
Minor Losses, Reduce Speed Defect and Rework Quality 
and Yield or Losses. Six Big Losses From calculations 
carried out, there are 2 types of losses are dominant, namely 
Idle Minor Stopage with a percentage of the value of the 
Reduce Speed 13:53% and amounted to 29.82%. So do need 
root cause analysis that includes human factors, machine, 
material and method with fishbone diagram. 
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1.​ Introduction  

In the modern era of competitive industry, the effectiveness and efficiency of the production 
process are crucial elements that determine the competitiveness of the company. One of the main 
factors in achieving such efficiency is the performance of production machines (Ariyah, 2022). 
Machines that are able to operate stably, quickly, and produce quality products will help companies 
maintain consistency in production results and reduce operational costs (Liker, 2004). Therefore, 
monitoring and measuring the effectiveness of machines is an important activity in the operational 
management system of a manufacturing company (Nakajima, 1998).  

PT Tirta Investama Pandaan is one of the companies engaged in the Bottled Water (AMDK) 
industry sector, which relies heavily on automation systems and machine performance to support its 
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production activities. One of the main machines used in the production line is the Contiform machine, 
which is a bottle forming machine based on heating technology and air pressure against preform.  

However, along with the high intensity of the machine's work and the high production target, 
various problems began to emerge. Some of the obstacles identified are the high frequency of machine 
downtime, the number of defective or rejected products, and the mismatch between the ideal capacity 
of the machine and the actual output produced. This problem not only has an impact on production 
efficiency, but also increases maintenance costs and reduces labor productivity The data obtained 
during the production process of the Contiform machine is as follows. 

Table 1. Contifrom Machine Production Data 

 
 

The problem that occurred showed that the Contiform machine at PT Tirta Investama had not 
worked optimally. This is reinforced by the fact that the company has not fully implemented a 
quantitative and comprehensive machine effectiveness measurement system. In fact, with the right 
approach and methods, the root cause of machine inefficiency can be identified, analyzed, and 
corrected. One of the methods that is widely used in measuring machine effectiveness is Overall 
Equipment Effectiveness (OEE). This method assesses the effectiveness of the machine based on three 
main indicators: Availability (availability of machine operating time), Performance (machine working 
speed compared to ideal standards), and Quality (the number of products that comply with quality 
standards) (Hutabarat & Muhsin, 2020). 

The OEE method not only provides an overview of machine performance, but also opens up 
opportunities for deeper analysis through the identification of the Six Big Losses—the six main 
sources of losses in the production system. The six sources of losses include machine failure, setup 
time, minor stops, speed drops, product defects, and faulty production starts. By knowing the dominant 
source of loss, management can design a strategy to improve machine performance in a more precise 
and focused manner (Ilyas et al., 2023). 

The purpose of this study is to analyze the performance of the Contiform machine based on the 
measurement of the OEE value, identify the type of largest losses based on  the six big losses 
approach, and formulate suggestions for improvements to the engine performance based on the root of 
the problems found. 

2.​ Literature Review 
1)​ Overall Equipment Effectiveness (OEE)  
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Overall Equipment Effectiveness (OEE) is a key metric in operational management that is 
used to measure the efficiency and effectiveness of an equipment or machine in the production 
process (Wahid, 2020). This concept was first introduced by Seiichi Nakajima in the 1980s as part 
of the Total Productive Maintenance (TPM) methodology. OEE is calculated based on three main 
components, namely Availability, Performance, and Quality, each of which reflects a different 
aspect of machine productivity. Availability measures the percentage of machine operating time 
compared to available time, Performance evaluates the machine's operating speed relative to its 
maximum capacity, and Quality calculates the ratio of products that meet quality standards to the 
total products produced. By multiplying these three components, OEE provides a comprehensive 
picture of how optimally a piece of equipment is used in the production process. 

2)​ Six Big Losses 

Six Big Losses are a classification of different types of inefficiencies that significantly 
affect equipment performance and lower the value of OEE (Kristanto et al., 2022). This concept is 
directly related to the three components of the OEE, where each component of the OEE is affected 
by two main types of losses. In the Availability component, losses consist of Equipment Failure 
(unexpected machine breakdowns that cause downtime) and Setup and Adjustments (time wasted 
on preparation or production setup changes). For Performance components, the disadvantages 
include Idling and Minor Stops (short stops that disrupt the production flow) and Reduced Speed 
(engine operation below the specified maximum capacity). Meanwhile, in the Quality component, 
losses include Process Defects (product defects during the production process) and Reduced Yield 
(products fail during the production start-up phase). An in-depth understanding of the Six Big 
Losses allows production teams to implement targeted solutions, such as preventive maintenance to 
reduce Equipment Failure or process standardization to minimize Setup and Adjustments. 

3.​ Methodology 

Types of Research 
This study is a descriptive quantitative research that aims to measure the work effectiveness of 

Contiform machines at PT Tirta Investama Pandaan using the Overall Equipment Effectiveness (OEE) 
method. The quantitative approach is carried out to obtain numerical data that can be measured 
systematically, while the descriptive approach is used to describe and analyze phenomena that occur in 
actual time in the field. 
Research Location and Time 

This research was carried out at PT Tirta Investama Pandaan, a company engaged in the 
production of Bottled Drinking Water (AMDK). The research location is focused on production lines 
that use Contiform machines. Data collection was carried out for a period of one month, namely from 
June 1 to June 29, 2019. 
Research Object 

The object of this study is the Contiform machine, which is a bottle forming machine from 
preform material with a heating and air pressure system. This machine is one of the vital machines in 
the bottled water production process because it determines the physical quality of the products 
produced. 
Data Collection Methods​  

The data used in this study was collected through three methods, namely: 
a.​ Direct observation of the production process using Contiform machines to record working 

time, downtime, working speed, and number of defective products. 
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b.​ Interviews with employees in the production department, machine operator, and engineering 
department to obtain information related to the causes of downtime and the quality of 
production results. 

c.​ Literature review of relevant scientific literature such as journals, books, and previous 
research results that discuss the OEE method and its application in measuring machine 
effectiveness (Nakajima, 1998; Erlinda et al., 2009; Susetyo, 2017). 

Data Processing and Analysis Techniques 
Data analysis was carried out using the Overall Equipment Effectiveness (OEE) method. There 

are three main parameters that are calculated: 
a.​ Availability (A): Measures the proportion of actual operating time to planned time. 
b.​ Performance (P): Measures the actual production speed compared to the ideal speed of the 

machine. 
c.​ Quality (Q): Measures the percentage of products produced without defects. 
OEE Formula: 
OEE=Availability×Performance×Quality 

Data from each parameter was obtained from the results of field recording and calculated per 
day, then averaged over one month. 
Six Big Losses and Root Cause Analysis 

To find out the source of losses that cause low OEE values, the Six Big Losses approach is used, 
which identifies six main causes of loss of efficiency in production, namely: Equipment Failure, Setup 
and Adjustment, Idling and Minor Stoppage, Reduced Speed, Defects in Process, and Reduced Yield 
(Start-up losses) 
After that, a root of the problem analysis was carried out using the Fishbone Diagram 
(Cause-and-Effect Diagram) with the 4M+1E (Man, Machine, Method, Material, Environment) 
approach to identify the dominant factors causing the inefficiency. 

4.​ Results and Discussion 
Data Processing and Analytics  

The data processing in this study is a measurement of the Overall Equipment Effectiveness 
(OEE) value for Contiform machines. The value of Overall Equipment Effectiveness (OEE) depends 
on three ratios, namely: availability, performance, and quality. The data obtained on the Contiform 
machine can be seen in table.1 and the stages of data processing carried out in this study are:  

a.​ Planned down time  
Planned Down Time is the time allocated to carry out preventive maintenance or other 

maintenance activities that have been scheduled in advance so that the condition of the machinery 
and other production equipment is in good condition to support the production department in 
realizing their production schedule.  
b.​ Down Time Losses  

For example, the Set up and Adjusment time on June 1, 2019 on the Contiform machine 
data is 0 minutes.  
Downtime​ = Failure Repair + Setup and Adjustment  

= 70 +0  
​   ​ = 70 

c.​ Number of defect  
Number of Defects is divided into two types of defects, namely Reduced Yield and Reject 

and Rework Component. As on June 1 in the Contiform engine data, the amount of damaged 
goods produced was 0 bottles (none) which is referred to as the Reduced Yield amount. 

 
 

- 106- 

https://doi.org/10.35891/jkie.%20vxix.xxx


P-ISSN: 2460-011 3 l JKIE (Journal Knowledge Industrial Engineering) l ISSN: 2541-4461 
DOI: https://doi.org/10.35891/jkie.v11i3..6199 I Vol. 11, No. 3, December 2024, pp. 103-111 

 

d.​ Operating time  
Where Operating Time is the Loading Time minus the Failure and Repair Time and 

Set up & Adjustment Time. For example, June 1 in the Contiform machine data is as follows:  
Operating time​ = Loading time – Failure and Repair – Set up and Adjusment  

= 390 minutes – 40 minutes – 0 Minutes  
= 350 minutes   

Availability Ratio Calculation  
The data used in the measurement of the Avaibility Ratio are machine working time, planned 

downtime, downtime (Failure and repair and Set up and Adjustment) and the formula used to find the 
Availability Ratio is as follows:   

 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑇𝑖𝑚𝑒
𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒  𝑥 100%

From this calculation, it is known that the overall avaibility ratio value reaches 56.2% - 99.1%, 
for the lowest avaibility value is found on June 25, 2019 which is 56.2%, and the highest avaibility 
value is found on June 13, 2019 which is 99.1%. The Avaibility Ratio value of the entire machine is 
89.54%.  

Judging from the standard avaibility value for the analysis in this study, which is 95%, it can 
be concluded that the analyzed machine is still far below the standard value for the measurement of the 
Overall Equipment Effectiveness (OEE) value. The value of the difference between these values is 
very different, which is 5.6%. 
Performance Ratio Value Measurement 

The calculation of the Performance Ratio begins by calculating the Ideal Cycle Time which is 
the ideal cycle time of the engine. To calculate, it is necessary to pay attention to the percentage of 
working hours to delay, where the delay is equal to the total downtime. The formula for working hours 
is: 

 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 =  𝑇𝑜𝑡𝑎𝑙 𝑑𝑜𝑤𝑛𝑡𝑖𝑚𝑒
𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑟  𝑥 100%

 𝑖𝑑𝑒𝑎𝑙 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 =  𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑘𝑠𝑖  𝑥 𝑗𝑎𝑚 𝑘𝑒𝑟𝑗𝑎

Thus, the performance calculation from June 1, 2019 to June 29, 2019 is as follows:  
Table 2. Performance Standards 
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And from the table, it can be seen that the overall Performance ratio value reaches 18.28% - 

99.03%, for the lowest performance value is on June 25, 2019 which is 18.28%, and the highest 
performance value is 99.03%. The Performance Ratio value of the entire machine is 83.55%.  

Judging from the standard performance value for the analysis in this study, which is 95%, it 
can be concluded that the analyzed machine is still far below the standard value for the measurement 
of the Overall Equipment Effectiveness (OEE) value. The value of the difference between these values 
is very different, which is 11.45%. 
Quality Ratio Value Measurement 

The formula used to find the Quality Ratio is 
 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 = 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 𝑎𝑚𝑜𝑢𝑛−𝑑𝑒𝑓𝑒𝑐𝑡 𝑎𝑚𝑜𝑢𝑛

𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 𝑎𝑚𝑜𝑢𝑛𝑑  𝑥 100%

The following is a table of Quality Ratio Value Measurements on machines on June 1, 2019 – 
June 29, 2019: 

Table 3. Quality Calculation 
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Overall Equipment Effectiveness (OEE) Measurement   
After the Avaibility ratio, Performance ratio, and Quality ratio values are obtained, the next 

step is to calculate the OEE value. And the formula used for the measurement of the OEE value is:  
OEE = Avaibility × Performance × Quality 

Table 4. OEE Calculation Results 

 
Calculation of six big losses 

In this part, an analysis of the results of the loss calculation is carried out. This analysis aims 
to determine which losses are the most dominant cause low OEE values. The calculation of the 
average value of each loss in the period from June 1, 2019 to June 29, 2019 can be seen as follows: 

Table 5. Loss Calculation Results 

 
Root Cause Analysis  

This analysis was carried out by direct observation in the field and interviewing employees 
related to this study, namely operators, engineering departments, and quality control departments. The 
results of the interview are one of the possible causes of the difficulty in achieving the desired OEE 
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target. To obtain the results of the analysis that are in accordance with the purpose of this study, tools 
that are relevant to the data that have been collected are needed, so that to make it easier to identify 
this, a Cause and Effect Diagram is made later which will later be formulated an improvement plan to 
overcome the root of the problem.  

And in the interview, several parameters were taken, namely materials, machines, humans 
(employees), and methods. 

  ​ ​   
Figure 1.  Root Diagram of the Problem 

The above cause and effect diagram identifies causes based on 4 categories, namely humans, 
machines,  
materials and methods. 

4.​ Conclusion 

​ This study measured the efficiency of the Contiform machine at PT Tirta Investama 
Pandaan using the Overall Equipment Effectiveness (OEE) method. The results of the study 
showed an OEE value of 75.62%, which is still below the world class standard of 85%. The 
analysis of OEE components revealed that engine availability reached 89.54%, performance 
of 83.55%, and quality of 98.72%. The low availability value is mainly due to downtime for 
fault repair and setup adjustment, while suboptimal performance comes from reduced speed 
and minor stoppages. Even though the quality value is fairly good, there are still product 
defects that need to be fixed. 
​ The Six Big Losses analysis identified the two most dominant major losses, namely 
idle minor stoppage of 29.82% and reduce speed of 13.53%. Through the fishbone diagram 
approach, the root of the problem can be categorized into four main factors. Human factors 
include the operator's lack of skills in handling machine troubleshooting. The engine factor is 
related to the age of the old engine and the lack of preventive maintenance. The method factor 
shows that the standard operating procedure is not optimal, while the material factor is related 
to the inconsistent quality of the preform. 
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