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Abstract. 

This study was conducted to evaluate the level of effectiveness of the NPK 2 Bagging facility at PT XYZ 

through the application of the Overall Equipment Effectiveness (OEE), Six Big Losses, and Failure Mode 

and Effect Analysis (FMEA) methods. The data taken is facility data during the January-July 2026 

period. OEE is used to measure effectiveness based on availability, performance, and quality, while Six 

Big Losses is used to identify dominant losses. Furthermore, FMEA is used to determine the priority of 

failure modes based on Severity (S), Occurrence (O), and Detection (D) through the calculation of Risk 

Priority Number (RPN). Based on the results of data processing, the average effectiveness of the facility 

is shown by an availability value of 80.19%, performance of 85.21%, and quality of 99.48%, with an 

average OEE value of 67.23%. Meanwhile, the evaluation using the Six Big Losses method showed that 

Equipment Failure Loss and Reduced Speed Loss were the losses with the highest percentage, 12.67% 

and 12.58%, respectively, and Setup and Adjustment Loss of 7.14%. The three losses were then analyzed 

using FMEA to determine the failure mode with the highest risk priority as the basis for the preparation 

of repair proposals. Improvement proposals were focused on improving facility maintenance, controlling 

the weighing system and operating speed, as well as reducing setup time and facility adjustment. 

Keywords: Overall Equipment Effectiveness (OEE), Six Big Losses, Risk Priority Number (RPN), Failure 

Mode and Effect Analysis (FMEA) and  Bagging NPK. 

 

I. INTRODUCTION 

The fertilizer industry plays an important role in supporting the agricultural sector because fertilizers 

are used to meet the nutritional needs of plants [1]. In addition to the production process, packaging is an 

important stage to ensure that products that have met quality standards are ready to be stored and distributed. 

The effectiveness of packaging facilities also affects the company's ability to achieve production targets [2].  

PT XYZ is a manufacturer of a single fertilizer, compound fertilizer. This research focuses on the 

Bagging Department, especially the NPK 2 Bagging facility which is used to package NPK fertilizer 

products after obtaining quality approval. The bagging process includes the flow of products from the 

cooling bay to the hopper, then through the feeding conveyor, elevator, and tripper conveyor to the bagging 

silo before packaging. Based on company data for the January until July 2026 period, NPK 2 Bagging 

production has fluctuated, with the lowest production in June at 5,024 tons and the highest in July at 17,961 

tons. The achievement of production targets also varies between 27.91%–96.56%, indicating that the 

performance of the facility is still unstable. 

To analyze these conditions, this study uses Overall Equipment Effectiveness (OEE) to measure the 

effectiveness of facilities based on Availability, Performance, and Quality [3]. Furthermore, Six Big Losses 

is used to identify and determine the most dominant losses, while Failure Mode and Effect Analysis (FMEA) 

is used to identify failure modes and determine risk priorities based on Severity, Occurrence, and Detection 

through the Risk Priority Number (RPN) value [4]. The combination of these three methods provides a 

gradual analysis starting from measuring effectiveness, identifying dominant losses, to determining the 

priority of failure modes as the basis for the preparation of improvement proposals [5]. Based on the above 

conditions, this study was used to determine the effectiveness of the NPK 2 Bagging facility based on OEE, 

analyze the Six Big Losses, determine three dominant losses, and determine the failure mode with the 

highest risk priority in each dominant loss using FMEA as the basis for the improvement proposal. 

 

II. METHODS  

This study uses a quantitative approach combined with qualitative assessment to analyze the 

effectiveness of the NPK 2 Bagging facility at PT XYZ. The quantitative approach is used to calculate 

Overall Equipment Effectiveness (OEE) which includes Availability, Performance, and Quality [6], and Six 

Big Losses to identify and determine the dominant losses. Furthermore, qualitative assessment is used in 

Failure Mode and Effect Analysis (FMEA) to identify failure modes and determine risk priorities based on 
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Severity (S), Occurrence (O), and Detection (D) through Risk Priority Number (RPN) values [4]. The data 

used is operational data and production of facilities during the January-July 2026 period. 

The object of the study is the NPK 2 Bagging facility used to package NPK fertilizer products. 

Production facilities that experience disruption or damage can experience downtime that affects the smooth 

running of the production process, so the condition and reliability of the facility need to be considered in the 

effectiveness analysis [7]. The process begins after the product is finished and meets the requirements as a 

final product, then temporarily placed in a cooling bay until the product temperature is below 40°C and 

obtains nutrient content approval from Quality Control (QC). The approved product is then moved using a 

wheel loader to the hopper and flows through the feeding conveyor, elevator, and tripper conveyor to one of 

the two bagging silos alternately. Next, the product is packaged at the NPK 2 Bagging facility and the sack is 

closed using a sewing machine before proceeding to the next stage. 

The research stages were carried out sequentially, starting from data collection, OEE calculation, Six 

Big Losses analysis, to FMEA analysis. The OEE calculation was used to determine the level of facility 

effectiveness based on three main indicators. The results of the Six Big Losses analysis were used to 

determine the three dominant losses that contributed the greatest to the decline in facility effectiveness [8]. 

The three losses are then the basis for identifying the relevant failure modes to be analyzed using FMEA. 

Each failure mode is assessed based on S, O, and D, and then RPN is calculated to determine one failure 

mode with the highest risk priority on each dominant loss [9]. The results of the analysis are then used as the 

basis for the preparation of improvement proposals to increase the effectiveness of the NPK 2 Bagging 

facility. 

 Overall Equipment Effectiveness (OEE) 

Overall Equipment Effectiveness (OEE) is used to measure the level of effectiveness of the NPK 2 

Bagging facility based on three main components, namely Availability, Performance, and Quality and has an 

ideal value in table 1[10]. The three components describe the facility's ability to utilize the available time, 

produce products according to ideal capabilities, and produce products that meet quality requirements. The 

OEE value is calculated by multiplying the three components as in formula 1.  

𝑂𝐸𝐸 = (𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 × 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 × 𝑄𝑢𝑎𝑙𝑖𝑡𝑦) × 100%     (1) 

Table 1. Ideal value on OEE 

Factor OEE OEE Processed 

Availability 90% 

Performance 95% 

Quality 99% 

Overall Equipment Effectiveness (OEE) 85% 

The aspects that make up the OEE are as follows: 

a. Availability  

Availability is a comparison between the actual operating time and the loading time. Loading time is the 

time available for production activities after deducting planned downtime[11]. The calculation of 

Availability is carried out with the equation as in formula 2. 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒−𝐷𝑜𝑤𝑛𝑡𝑖𝑚𝑒

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
× 100%                       (2) 

Loading time is obtained from working time after deducting planned downtime in formula 3. 

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 = 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 − 𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝐷𝑜𝑤𝑛𝑡𝑖𝑚𝑒   (3) 

Furthermore, the operating time is obtained by subtracting downtime from the loading time in formula 4. 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 = 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 − 𝐷𝑜𝑤𝑛𝑡𝑖𝑚𝑒    (4) 

In this study, downtime is used to describe the time when facilities are unable to carry out production 

processes due to disruptions or damage recorded in the company's operational data. 

b. Performance  

Performance is used to determine the actual ability of a facility to produce products compared to its ideal 

capabilities[12]. Performance calculation uses Ideal Cycle Time obtained from data or company standards. 

The Performance equation is in formula 5. 
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𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 =  
𝐼𝑑𝑒𝑎𝑙 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 × 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
× 100%    (5) 

c. Quality  

Quality is used to determine the level of products that meet quality requirements compared to total 

production [13]. Products that experience defects or reprocesses are considered as products that do not meet 

the category of good products. Quality calculation is carried out by equation in formula 6. 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 =
𝐺𝑜𝑜𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 

𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
× 100%                   (6) 

Good Product is obtained from total production minus defective products in formula 7. 

𝐺𝑜𝑜𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 = 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 − 𝐷𝑒𝑓𝑒𝑐𝑡 𝑃𝑟𝑜𝑑𝑢𝑐𝑡        (7) 

The results of the Availability, Performance, and Quality calculation are then used to obtain the OEE value 

of the NPK 2 Bagging facility. 

 Six Big Losses 

In addition to the measurement of Overall Equipment Effectiveness (OEE), the effectiveness of 

production facilities can be further analyzed using Six Big Losses to identify the types of losses that cause 

reduced effectiveness. The Six Big Losses include Equipment Failure Losses, Setup and Adjustment Losses, 

Idling and Minor Stoppage Losses, Reduced Speed Losses, Process Defect Losses, and Reduced Yield 

Losses as seen in formulas 8 - 13. This analysis is used to determine the contribution of each loss and 

determine the most dominant losses in the NPK 2 Bagging facility as the basis for further analysis using the 

Failure Mode and Effect Analysis (FMEA) method [14]. 

a. Equipment Failure Loss 

𝐸𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝐹𝑎𝑖𝑙𝑢𝑟𝑒 𝐿𝑜𝑠𝑠 =
𝐵𝑟𝑒𝑎𝑘𝑑𝑜𝑤𝑛 𝑇𝑖𝑚𝑒

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
× 100%            (8) 

b. Setup and Adjustment Loss 

𝑆𝑒𝑡𝑢𝑝 𝑎𝑛𝑑 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝐿𝑜𝑠𝑠 =
𝑆𝑒𝑡𝑢𝑝 𝑎𝑛𝑑 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑇𝑖𝑚𝑒

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
× 100%    (9) 

c. Idling and Minor Stoppage Loss 

𝐼𝑑𝑙𝑖𝑛𝑔 𝑎𝑛𝑑 𝑀𝑖𝑛𝑜𝑟 𝑆𝑡𝑜𝑝𝑝𝑎𝑔𝑒 𝐿𝑜𝑠𝑠 =
𝑀𝑖𝑛𝑜𝑟 𝑆𝑡𝑜𝑝𝑝𝑎𝑔𝑒 𝑇𝑖𝑚𝑒

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
× 100%       (10) 

d. Reduced Speed Loss 

𝑅𝑒𝑑𝑢𝑐𝑒 𝑆𝑝𝑒𝑒𝑑 𝐿𝑜𝑠𝑠 =  
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒−(𝐼𝑑𝑒𝑎𝑙 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 × 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛)

𝐿𝑜𝑎𝑑𝑖𝑛𝑔  𝑇𝑖𝑚𝑒
× 100% (11) 

e. Process Defect Loss 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐷𝑒𝑓𝑒𝑐𝑡 𝐿𝑜𝑠𝑠 =
𝐼𝑑𝑒𝑎𝑙 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 × 𝐷𝑒𝑓𝑒𝑐𝑡 𝑃𝑟𝑜𝑑𝑢𝑐𝑡

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
× 100%   (12) 

f. Reduced Yield Loss 

𝑅𝑒𝑑𝑢𝑐𝑒 𝑌𝑖𝑒𝑙𝑑 𝐿𝑜𝑠𝑠𝑒𝑠 =
𝐼𝑑𝑒𝑎𝑙 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 ×𝐿𝑜𝑠𝑠/𝐺𝑎𝑖𝑛

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
× 100%    (13) 

 Failure Mode and Effect Analysis (FMEA) 

Furthermore, Failure Mode and Effect Analysis (FMEA) is used to identify failure modes, causes, 

and impacts of failures and determine risk priorities based on Severity, Occurrence, and Detection through 

the Risk Priority Number (RPN) value [15]. FMEA was conducted after the analysis of the Six Big Losses to 

identify and determine the priority of the failure mode at the NPK 2 Bagging facility. The identification of 

failure modes was carried out based on the results of observations and interviews with personnel related to 

the operation and maintenance of the facility. Furthermore, each failure mode was assessed by the 

respondents based on three parameters, namely on a scale of 1–10. Severity (S) indicates the severity, 

Occurrence (O) indicates the level of occurrence, while Detection (D) indicates the ability to detect failure. 

The results of the respondents' assessment were recapitulated to obtain S, O, and D values used in the 

calculation of the Risk Priority Number (RPN) in table 2. 

Table 2. S O D Assessment Criteria 

Scales Severity (S) Occurrence (O) Detection (D) 

1 Very small impact Almost never happens Very easy to detect 

2–3 Low impact Rare Easy to detect 
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4–5 Medium impact Sometimes it happens Quite easy to detect 

6–7 The impact is quite high Quite often Difficult to detect 

8–9 High impact Frequent Very difficult to detect 

10 The impact is very serious Very common Almost undetectable 

The values of the three parameters are used to calculate the Risk Priority Number (RPN) with equation 14. 

𝑅𝑃𝑁 = 𝑆 × 𝑂 × 𝐷   (14) 

The results of the RPN are then sorted to determine the failure mode with the highest risk priority as the 

basis for the preparation of improvement recommendations. 

 

III. RESULT AND DISCUSSION  

Data Collection 

This study uses data related to the operation of the NPK 2 Bagging facility in the form of primary 

data obtained from reports on the results of interviews with various parties, related to the number of working 

days, working hours, the number of bagging production results, defective products, and good products. The 

data analyzed covers the period from January to July 2026, which includes information about facility 

downtime, the amount of production output, and products that require reprocessing. The results of the data 

collection are further presented as follows:  

a. Data on the number of days and hours worked 

Table 3. Data on Number of Days and Hours of Work 

Month Number of Days Shift 
Total 

(Hours) 

Work 

Hours 

Jan-26 31 3 46.5 744 

Feb-26 28 3 42 672 

Mar-26 31 3 46.5 744 

Apr-26 30 3 45 720 

May-26 31 3 46.5 744 

Jun-26 30 3 45 720 

Jul-26 31 3 46.5 744 

             Source: Company Data January 2026 - July 2026 

b. Data of Downtime Bagging NPK 2 

Table 4. Data Downtime Bagging Npk 2 

Category Time ( minutes ) 

Electrical & Instrument 3333 

Production 15347,5 

Heavy Equipment 1040 

Mechanical 3040 

Operational 7910 

Utility 270 

Others 2765 

Shutdown Program 79020 

           Source: Company Data January 2026 - July 2026 

c. NPK 2 Bagging Results Data  

Table 5. Npk 2 Bagging Results Data 

Month 
Number of Targets 

/Month (Kg) 

Production 

Yield/Month(kg) 

Target 

Achievement (%) 

Jan-26 18.600.000 13.383.100 71,95% 

Feb-26 16.800.000 13.856.950 82,48% 
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Mar-26 18.600.000 12.290.050 66,08% 

Apr-26 18.000.000 16.248.650 90,27% 

May-26 18.600.000 7.068.000 38,00% 

Jun-26 18.000.000 5.024.450 27,91% 

Jul-26 18.600.000 17.961.200 96,57% 

                             Source: Company Data January 2026 - July 2026  

d. Data product reprocess Bagging NPK 2 

Table 6. Data product Reprocess 

Month 

Bagging Yield 

Quantity/Month 

(Tons) 

Number of 

Production 

Defects ( Tons ) 

Number of Good 

products (tons)  

Jan-26 13.383 68 13.316 

Feb-26 13.857 81 13.776 

Mar-26 12.290 50 12.241 

Apr-26 16.249 108 16.141 

May-26 7.068 32 7.037 

Jun-26 5.024 18 5.006 

Jul-26 17.961 126 17.835 

      Source: Company Data January 2026 - July 2026 

The quantitative data collected was used in the OEE analysis, with assessments based on three main 

ratios, namely availability, performance efficiency, and quality level. In addition, qualitative data were used 

in the FMEA analysis with assessments based on aspects of severity, incidence, and detection, which was 

then continued in the calculation of the Risk Priority Score (RPN). 

OEE Calculation Results 

Overall Equipment Effectiveness (OEE) is a calculation method used to assess the level of 

effectiveness of an equipment [16]. The stages in calculating the OEE value include the following steps: 

a. Availability 

Availability of uptime using the following calculations    

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 = 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 – Downtime 

Loading Time = Weekdays − Planned Downtime 

For example, the calculation of Availability in January 2026 is carried out as follows 

Loading Time = 744 − 93 = 651 hours  

Operating Time = Loading Time − Downtime = 651 − 165.88 = 485.13 hours 

Availability = (Operating Time / Loading Time) × 100% = (485.13 / 651) × 100% = 74,52 % 

With the same calculation, the Availability value of the Bagging NPK 2 facility until July 2026, can be 

seen in Table 7. 

Table 7. The Value of Availability 

    

Month 

Work 

Hours 

Setup & 

Adjustme

nt 

(Hours) 

Planned 

Downti

me 

Breakdo

wn Time 

Downtim

e 

Loading 

Time 

(Hours) 

Operatin

g Time 

(Hours) 

Available 

Time 

Jan-26 744 46.5 93 119.38 165.88 651 485.13 74.52% 

Feb-26 672 42 84 104.47 146.47 588 441.53 75.09% 

Mar-26 744 46.5 93 77.25 123.75 651 527.25 80.99% 

Apr-26 720 45 90 81.83 126.83 630 503.17 79.87% 

May-26 744 46.5 93 64.50 111.00 651 540.00 82.95% 

Jun-26 720 45 90 47.58 92.58 630 537.42 85.30% 

Jul-26 744 46.5 93 66.75 113.25 651 537.75 82.60% 

Average   80% 

       Source : Data Processing 
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b. Performance Efficiency 

For example, the calculation of Availability in January 2026 is carried out as follows 

Performance Efficiency = (Total Production × Ideal Cycle Time) / Operating Time × 100% 

= ( 13.383 kg × 0.035 hours/kg) / 485.13 hours × 100% = 97% 

With the same calculation, the Availability value of the Bagging npk 2 facility until July 2026, can be 

seen in Table 8. 

Table 8. Calculation of Performance Efficiency Bagging Npk 2 

 

Month 

Production 

Quantity/Month 

(Ton) 

Ideal Cycle 

Time (Month/ 

Ton) 

Operating Time OR (%) 

Jan-26 13.383 0.035 485.13 97% 

Feb-26 13.857 0.035 441.53 110% 

Mar-26 12.290 0.035 527.25 82% 

Apr-26 16.249 0.035 503.17 113% 

May-26 7.068 0.035 540.00 46% 

Jun-26 5.024 0.035 537.42 33% 

Jul-26 17.961 0.035 537.75 117% 

Friendly 85.21% 

      Source : Data Processing 

c. Rate of Quality Product 

Quality Ratio = (Total Production − Defect) / Total Production × 100% 

For example, the calculation of the Quality Ratio in January 2026 is carried out as follows: 

Quality Ratio = (13.383 − 68 )/13.383 × 100% = 99.5 % 

The same calculation for the value of the rate of quality product at the NPK 2 bagging facility until July 

2026 can be seen in Table 9. 

Table 9. Perhitungan Rate Of Quality Bagging Npk 2 

 

Month 

Production 

Quantity/ Month 

(tons) 

Production 

Reprocessing 

Quantity (tons) 

Number of Good 

products (tons) 

 

QR 

Jan-26 13.383 68 13.316 99.5% 

Feb-26 13.857 81 13.776 99.4% 

Mar-26 12.290 50 12.241 99.6% 

 Apr-26 16.249 108 16.141 99.3% 

May-26 7.068 32 7.037 99.6% 

Jun-26 5.024 18 5.006 99.6% 

Jul-26 17.961 126 17.835 99.3% 

Friendly  99.5% 

      Source : Data Processing 

Based on the calculation of the OEE of the Bagging NPK 2 facility for the period January-July 2026 

in table 10. obtained an average Availability of 80.19%, Performance of 85.21%, and Quality of 99.48%, 

resulting in an average OEE of 67.23%. The Availability value shows that there is still a loss of operating 

time due to downtime and breakdown, while Performance shows that the facility's ability to maintain 

production speed is still fluctuating, especially in May and June. Meanwhile, the Quality value of 99.48% 

indicates that the quality of the product is very good. The average OEE of 67.23% indicates that the 

effectiveness of the NPK 2 Bagging facility is still not optimal, so an analysis of the Six Big Losses was 

carried out to identify the dominant losses as the basis for determining the focus of improvement. The results 
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of the Six Big Losses analysis are then the basis for identifying the failure mode through FMEA and 

determining the order of corrective actions by referring to the Risk Priority Number (RPN) value [17]. 

Table 10. Calculation Results of OEE Bagging NPK 2 for the Period January-July 2026 

Month Availability (%) Performance (%) Quality (%) OEE (%) 

January 74.52% 96.55% 99.50% 71.59% 

February 75.09% 109.84% 99.42% 82.00% 

March 80.99% 81.58% 99.60% 65.81% 

April 79.87% 113.02% 99.34% 89.67% 

May 82.95% 45.81% 99.55% 37.83% 

June 85.30% 32.72% 99.64% 27.81% 

July 82.60% 116.90% 99.30% 95.89% 

Average 80% 85% 99% 67.23% 

Source: Calculation Data January 2026 - July 2026 

 Analysis Results of the Six Big Losses 

Based on Table 11, Equipment Failure Loss is the highest loss of 12.67%, for example in January 

2026 with the calculation formula (Breakdown time/Loading Time), Equipment Failure Mode = 119.38/651 

= 18.34% and the same calculation is carried out until July 2026 which produces an average of 12.67%,  

followed by Setup and Adjustment Loss having an average value of 7.14%. For example, in January 

2026 a calculation was made by comparing Setup Time to Loading Time using the formula Setup and 

Adjustment Loss = (Setup Time/Loading Time) × 100%, so that Setup and Adjustment Loss = (46.50/651) × 

100% = 7.14% was obtained. The same calculation was carried out from February to July 2026, so that an 

average Setup and Adjustment Loss of 7.14% was obtained.  

Furthermore, Idling and Minor Stoppage Loss has an average value of 2.43%. For example, in 

January 2026, a calculation was made by comparing Minor Stoppage time to Loading Time using the 

formula Idling and Minor Stoppage Loss = (Minor Stoppage Time/Loading Time) × 100%, so that Idling and 

Minor Stoppage Loss = (18/651) × 100% = 2.76%. The same calculation was carried out from February to 

July 2026, with Minor Stoppage values of 16.50 hours, 15 hours, 17 hours, 13.50 hours, 12 hours, and 16 

hours, respectively. The results of the calculation resulted in an Idling and Minor Stoppage Loss value of 

2.81%, 2.30%, 2.70%, 2.07%, 1.90%, and 2.46%, respectively, resulting in an average Idling and Minor 

Stoppage Loss of 2.43%. 

Reduced Speed Loss has an average value of 12.58%. For example, in January 2026, a calculation 

was made by comparing the actual operating time with the ideal production time to the Loading Time using 

the formula Reduced Speed Loss = [(Operating Time − (Ideal Cycle Time × Production Amount))/Loading 

Time] × 100%, so that the Reduced Speed Loss = [(485.125 − (0.035 × 13,383.1))/651] × 100% = 2.57%. 

The same calculation was carried out from February to July 2026, resulting in an average Reduced Speed 

Loss of 12.58%. 

Process Defect Loss has an average value of 0.38%. For example, in January 2026, a calculation was 

made by comparing the time lost due to defective products to Loading Time using the formula Process 

Defect Loss = (Ideal Cycle Time × Number of Production Defects)/Loading Time × 100%, so that Process 

Defect Loss = (0.035 × 67.5)/651 × 100% = 0.36%. The same calculation was carried out from February to 

July 2026, so that an average Process Defect Loss of 0.38% was obtained. 

Reduced Yield Loss has an average value of 0.17%. For example, in January 2026, a calculation was 

made by comparing the time lost due to Reduced Yield to Loading Time using the formula Reduced Yield 

Loss = (Ideal Cycle Time × Loss/Gain)/Loading Time × 100%, so that Reduced Yield Loss = (0.035 × 

32.5)/651 × 100% = 0.17%. The same calculation was carried out from February to July 2026, so that an 

average Reduced Yield Loss of 0.17% was obtained. 

These results show that losses that need to be prioritized are Equipment Failure Loss, Reduced 

Speed Loss, and Setup and Adjustment Loss, which serve as the basis for identifying failure modes and 

prioritizing risk using FMEA. 
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Table 11. Six Big Losses Analysis 

Types of Losses Average (%) Rank 

Equipment Failure Loss 12.67% 1 

Reduce Speed Loss 12.58% 2 

Setup and Adjustment Loss 7.14% 3 

Idling and Minor Stoppage Loss 2.43% 4 

Process Defect Loss 0.38% 5 

Reduce Yield Loss 0.17% 6 

        Source: Data Processing 

 Dominant Losses Analysis 

Based on table 12, the three highest losses were obtained at the NPK 2 Bagging facility, namely 

Equipment Failure Loss valued at 12.67%, Reduced Speed Loss valued at 12.58%, and Setup and 

Adjustment Loss at 7.14%. Equipment Failure Loss is related to failure modes in the form of obstacles in the 

sewing machine, damage to drive components, and sensor interference that can cause the facility to stop or 

experience disruptions. Reduced Speed Loss is related to disruption of the weighing process and operating 

speed under ideal conditions that can reduce production speed. Meanwhile, Setup and Adjustment Loss is 

related to setup/adjustment that lasts a long time so as to reduce effective production time. These three losses 

are then the basis for FMEA analysis to assess failure modes based on Severity (S), Occurrence (O), and 

Detection (D), after which determining risk priorities using RPN values as the basic object for making 

recommendations for improvement. 

Table 12. The Most Important Losers 

Losses Average Rank 

Equipment Failure Loss 12,67% 1 

Reduced Speed Loss 12,58% 2 

Setup and Adjustment Loss 7,14% 3 

    Source: Data Processing 

 FMEA Analysis 

FMEA was carried out as an advanced stage after the analysis of the Six Big Losses to identify and 

determine the priority of the failure mode at the NPK 2 Bagging facility. This analysis focused on three 

dominant losses, namely Equipment Failure Loss, Reduced Speed Loss, and Setup and Adjustment Loss. 

Each loss was then traced so that it provided a failure mode that had the potential to affect the effectiveness 

of the bagging process, For example, the failure mode of sewing machine damage had a value of Severity (S) 

of 9, Occurrence (O) of 6, and Detection (D) of 5. The value of the Risk Priority Number (RPN) was 

calculated using the formula RPN = S × O × D, so that RPN = 9 × 6 × 5 = 270 was obtained. The calculation 

of S, O, D, and RPN was then carried out on all failure modes that had been identified in table 13. [18]. 

Table 13. FMEA Analysis on NPK 2 Bagging Facility 

No Related Losses Failure Mode S O D RPN 

1 Equipment Failure Loss Sewing machine malfunction 9 6 5 270 

2 Equipment Failure Loss Sensor malfunction 8 5 5 200 

3 Equipment Failure Loss Damage to drive components 9 5 5 225 

4 Reduced Speed Loss Disruption of the weighing process 8 6 5 240 

5 Reduced Speed Loss Operating speed under ideal conditions 8 5 5 200 

6 Reduced Speed Loss Unstable material flow 7 6 5 210 

7 Setup and Adjustment Loss Facility setup takes a long time 7 6 5 210 

8 Setup and Adjustment Loss Adjustment of old machine parameters 6 5 5 150 

9 Setup and Adjustment Loss Repetitive component adjustments 6 5 4 120 

       Source: Data Processing 

For the failure mode, which is assessed based on three parameters, namely Severity (S) which 

indicates the severity for the impact of failure, Occurrence (O) which provides the level of probability of 

failure, and Detection (D) which is the ability to detect failure. From the results of the assessment, the Risk 
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Priority Number (RPN) value is then obtained by multiplying the levels of Severity (S), Occurrence (O), and 

Detection (D), which is formulated as RPN = S × O × D. 

With the results of the calculation above, the failure modes with the highest RPN in each dominant 

loss are sewing machine damage in Equipment Failure Loss with RPN 270, weighing process disruption in 

Reduced Speed Loss with RPN 240, and facility setup lasting for a long time in Setup and Adjustment Loss 

with RPN 210. The failure mode is set as a repair priority because it has a high RPN value in each dominant 

loss and subsequently becomes the basis for the preparation of proposals for improvement. 

Proposed Improvements 

From the findings of the OEE, Six Big Losses, and FMEA analysis, it is focused on the failure mode 

with the highest risk priority [19]. From Equipment Failure Loss, repairs are carried out through regular 

checking of the condition of the sewing machine, lubrication, and replacement of worn components. In 

Reduced Speed Loss, periodic checks and calibration of the weighing system as well as monitoring of 

material flow and actual speed to keep the process running at optimal conditions. 

In Setup and Adjustment Loss, the improvement is focused on reducing setup time and facility 

adjustment by preparing equipment and components before the process starts and establishing a clear work 

sequence. The implementation of these improvements is expected to reduce dominant losses and failure 

modes that have high risk priority so that the effectiveness of the NPK 2 Bagging facility can increase [20]. 

 

IV. CONCLUSION  

Based on the results of the study, the effectiveness of the NPK 2 Bagging facility during the January-

July 2026 period resulted in an average OEE of 67.23%, with Availability of 80.19%, Performance of 

85.21%, and Quality of 99.48%. The results of the Six Big Losses analysis showed three dominant losses, 

namely Equipment Failure Loss of 12.67%, Reduced Speed Loss of 12.58%, and Setup and Adjustment Loss 

of 7.14%. Based on the FMEA analysis, the priority failure mode for each loss was determined based on the 

highest RPN value, namely sewing machine damage in Equipment Failure Loss with RPN 270, weighing 

process disruption in Reduced Speed Loss with RPN 240, and long-lasting facility setup in Setup and 

Adjustment Loss with RPN 210. These results are the basis for proposed improvements in the form of 

increasing preventive maintenance on sewing machines, controlling the weighing system and operating 

speed, as well as reducing setup time to reduce losses and increase the effectiveness of the NPK 2 Bagging 

facility [21]. 
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