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Abstract  

 
In industrial applications, specifically in the manufacturing sector, it is essential to know the machine's status. Most 
companies have advanced machines; however, the data regarding the machine's condition are not highly considered 
resulting in many problems like low productivity and high rejection rate that constitute cost and environmental impact. 
This study aims to assess the die casting injection machines of a leading automobile manufacturing company in 
Indonesia that can be used for manufacturing companies experiencing the same difficulties. Twenty aluminum alloy 
die casting injection machines were studied in this research. The machine breakdown was summarized, and it turned 
out that machine 16 was the most problematic among the machines. The results show an Overall Equipment 
Effectiveness (OEE) of 40.95%. The idling and minor stoppages and breakdown loss was the main contributor to the 
problem having the abnormal die lock an RPN of 392, with severity (7), occurrence (7), and detection (8) as the 
leading cause based on the Failure Mode and Effect Analysis (FMEA) results. The findings will provide automobile 
manufacturing companies and other related industries comprehensive information on properly assessing productivity 
problems. Therefore, the results can give relevant perspectives on proper procedures integrating productivity analysis 
in the manufacturing process. 
 
Keywords  
Productivity Analysis, Overall Equipment Effectiveness (OEE), Six Big Losses, Failure Mode and Effect Analysis 
(FMEA) 
 
 
1. Introduction  
 
1.1 Background of the Study 
The use of aluminum alloy in automobile parts continues as industries seek light and high-strength materials for 
automobiles. The production of aluminum alloys continues to grow over the past years, replacing conventional 
materials such as iron due to durability and rust resistance features. Aluminum alloys are well-known materials for 
their machinability and castability, making them more manageable and efficient raw materials for automobile 
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manufacturing (Gao et al., 2015; Miller et al., 2000). High pressure die casting injection machine is commonly used 
in manufacturing aluminum alloy-related parts since it is used for diverse and complicated shapes that cannot be made 
using any other method. In addition, the die casting process is helpful for mass production as it works like a plastic 
injection machine giving injected parts equivalent to the finished goods (Otarawanna et al., 2009). 
     Several works of literature have been made to optimize the production process in producing economical and high-
quality products. Previous research has identified parameter optimizations as one of the best solutions to product-
related problems (Liu et al., 2020). For example, the quality issue is one of the main problems in the die casting 
process; error and non-conforming products cause much rework that constitutes cost. However, several companies 
besides the parameter optimization problem have another problem related to machine breakdown since high pressure 
die casting injection machine uses much pressure, heat, and other factors related to production. The researchers used 
the Overall Equipment Effectiveness (OEE) method to assess quantitative metrics for measuring individual 
productivity; literature reveals that it could measure irrelevant costs related to machines (Muñoz-Villamizar et al., 
2018). OEE is composed of 3 measures of equipment losses: performance rate, availability, and quality rate. Six Big 
Losses as aligned to OEE are categorized into six essential categories, namely: breakdown, setup and adjustment, 
defect and rework, start-up, reduce speed, and idling and minor stoppage (Chikwendu et al., 2020). 
     The cause-and-effect diagram will determine the machine factor error from the six big losses to determine the 
internal problems. The failure mode and effect analysis (FMEA) mainly determine the ranking of machine errors from 
the cause-and-effect diagram and previous analysis from the results of the risk priority number (RPN) (Wang et al., 
2021). This research proposes to determine the machine factors that contribute to machine breakdown by identifying 
vital factors through productivity analysis, including OEE, six big losses, cause-and-effect analysis, and FMEA. 
 
1.2 Motivation of the Study 
In a developing country like Indonesia, it is vital to assess the current situation correctly. However, studies regarding 
production efficiency, especially for the automotive industry, are scarce. In 2018 the Indonesian automotive industry 
accounted for 10.16 percent of its Gross Domestic Product (GDP) (Anggareni, 2018). The automotive export has a 
higher value compared to the importation (Amelia, 2014). Indonesia created a milestone entering the top countries 
producing automobiles landing on the 17th spot producing 0.98 million vehicles (Wright, 2018). Many studies have 
focused on identifying the optimal parameters of a die casting injection machine (Apparao et al., 2017; Dou et al., 
2020), but there is a limited study relating to productivity analysis and machine breakdown. The researchers believe 
that productivity analysis could solve the longing problem that involves the machine mechanisms related to machine 
breakdowns. Furthermore, the research finds a need to address this gap since die casting efficient production is one of 
the main problems of many companies, not only for the parameter issue but also for machine problems.   
 
1.3 Objectives of the Study 
The purpose of this research is to comprehensively investigate the productivity of the Injection Die Casting Machine 
by using the Overall Equipment Effectiveness (OEE) metrics of an automotive manufacturing company. Moreover, it 
provides automotive companies and other related industries information on the factors that need to be addressed when 
encountering low manufacturing productivity. This research evaluated one aluminum alloy injection die casting 
machine to represent the other machines in the production plant. The experiment was conducted in an automotive 
manufacturing plant to enrich the literature about OEE and Productivity Analysis that could also help the automotive 
manufacturing sector improve profit, efficiency and increase the plant OEE. 
 
2. Methodology 
 
2.1 Data Collection 
The research was conducted in the production department of one of the leading automobile manufacturing companies 
from January 13, 2020, to February 13, 2020. The researchers also conducted interviews, observations, and historical 
data collection. Data collection was carried out based on the department's current problem; historical data from August 
2019 to December 2019 was used to analyze the current problem. Moreover, it focused on problems that affect 
production performance. 
 
2.2 Conceptual Framework 
This study uses a machine productivity analysis approach to detect the causes of production process obstruction on 
the production floor. Furthermore, investigating the machine effectiveness using the Overall Effectiveness Equipment 
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(OEE) method. Then the total machine breakdown was computed to see the machine with the highest total breakdown. 
The types of losses and their calculations are determined based on the six big losses method. After determining the 
four types of causes based on company data, a cause-and-effect diagram was made. The cause-and-effect information 
is analyzed, and FMEA calculations are carried out based on the previous analysis processes. FMEA will then 
determine which one must be satisfied first so that the effective performance value increases. To understand the 
process flow, the researchers created a conceptual framework, as shown in Figure 1. 
 

 
 

Figure 1. Conceptual Framework 
 
2.3 Formulas 
The researchers used formulas in computing the OEE of the machine derived from Nakajima's formula for 
equipment effectiveness. The availability, performance, and quality rate were computed first before computing the 
OEE. After computing the OEE, the researchers computed the six significant losses: breakdown loss, setup loss, 
idling, and minor stoppages, reduced speed, defect loss, and reduced yield. The computation helped the researchers 
to conduct the preliminary assessment in investigating the internal problem. 
 
2.3.1 OEE Formulas 
The study used OEE to compute the machine's productivity performance; the formulas were adapted from the 
Nakajima (1988) study, as shown on equations 1,2,3 and 4.  
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝐴𝐴𝐴𝐴𝑅𝑅 = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂

𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂
 𝑥𝑥 100%                                                                                                             (1) 

𝑃𝑃𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝑃𝑃𝑃𝑃𝑅𝑅 𝑅𝑅𝐴𝐴𝐴𝐴𝑅𝑅 =  𝐼𝐼𝐿𝐿𝑂𝑂𝑂𝑂𝐼𝐼 𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝑂𝑂 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂 𝑥𝑥 𝑃𝑃𝑂𝑂𝑂𝑂𝐶𝐶𝑂𝑂𝑃𝑃𝑃𝑃 𝐴𝐴𝑇𝑇𝑂𝑂𝐴𝐴𝑂𝑂𝑂𝑂
𝑃𝑃𝑂𝑂𝑂𝑂𝐶𝐶𝑂𝑂𝑃𝑃𝑃𝑃𝑂𝑂𝑂𝑂𝐿𝐿 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂

 𝑥𝑥 100%                                                                               (2) 

𝑄𝑄𝑄𝑄𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝐴𝐴𝐴𝐴𝑅𝑅 =  𝑃𝑃𝑂𝑂𝑂𝑂𝐶𝐶𝑂𝑂𝑃𝑃𝑃𝑃 𝐴𝐴𝑇𝑇𝑂𝑂𝐴𝐴𝑂𝑂𝑂𝑂−𝐷𝐷𝑂𝑂𝐷𝐷𝑂𝑂𝐶𝐶𝑂𝑂 𝐴𝐴𝑇𝑇𝑂𝑂𝐴𝐴𝑂𝑂𝑂𝑂
𝑃𝑃𝑂𝑂𝑂𝑂𝐶𝐶𝑂𝑂𝑃𝑃𝑃𝑃 𝐴𝐴𝑇𝑇𝑂𝑂𝐴𝐴𝑂𝑂𝑂𝑂

 𝑥𝑥 100%                                                                                            (3) 
OEE = Availability Rate x Performance Rate x Quality Rate                                                                                     (4) 
 
2.3.2. Six Big Losses Formulas 
A bottom-up approach known as the Six Big Losses have been conducted after computing the OEE to see the negative 
factors that should be eliminated from the manufacturing process (Muñoz-Villamizar et al., 2018). The six big losses 
formulas used in the study can be seen in equations 5, 6, 7, 8, 9, and 10. 
𝐵𝐵𝑃𝑃𝑅𝑅𝐴𝐴𝐵𝐵𝐵𝐵𝑃𝑃𝐵𝐵𝑃𝑃 𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿 =  𝐵𝐵𝑂𝑂𝑂𝑂𝑂𝑂𝐵𝐵𝐿𝐿𝑂𝑂𝐵𝐵𝑂𝑂 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂

𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿
 𝑥𝑥 100%                                                                                                                (5) 

𝑆𝑆𝑅𝑅𝐴𝐴𝑄𝑄𝑆𝑆 𝑃𝑃𝑃𝑃 𝐴𝐴𝐵𝐵𝐴𝐴𝑄𝑄𝐿𝐿𝐴𝐴𝑃𝑃𝑅𝑅𝑃𝑃𝐴𝐴 𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝑅𝑅𝐿𝐿 =  𝑆𝑆𝑂𝑂𝑂𝑂𝐴𝐴𝑂𝑂 𝑂𝑂𝑂𝑂 𝐴𝐴𝐿𝐿𝐴𝐴𝐴𝐴𝑃𝑃𝑂𝑂𝑇𝑇𝑂𝑂𝑂𝑂𝑂𝑂 𝐿𝐿𝑂𝑂𝑃𝑃𝑃𝑃𝑂𝑂𝑃𝑃
𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂

 𝑥𝑥 100%                                                                        (6)          

𝐼𝐼𝐵𝐵𝐴𝐴𝐴𝐴𝑃𝑃𝐼𝐼 𝐴𝐴𝑃𝑃𝐵𝐵 𝑀𝑀𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃 𝑆𝑆𝐴𝐴𝑃𝑃𝑆𝑆𝑆𝑆𝐴𝐴𝐼𝐼𝑅𝑅𝐿𝐿 =  (𝑇𝑇𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂 𝑃𝑃𝑂𝑂𝑂𝑂𝐿𝐿𝐴𝐴𝐶𝐶𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂−𝑇𝑇𝑂𝑂𝑂𝑂𝑂𝑂𝐼𝐼 𝑃𝑃𝑂𝑂𝑂𝑂𝐿𝐿𝐴𝐴𝐶𝐶𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂) 𝑥𝑥 𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝑂𝑂 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂
𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂

 𝑥𝑥 100%                                       (7) 

𝑅𝑅𝑅𝑅𝐵𝐵𝑄𝑄𝑃𝑃𝑅𝑅𝐵𝐵 𝑆𝑆𝑆𝑆𝑅𝑅𝑅𝑅𝐵𝐵 =  (𝐴𝐴𝐶𝐶𝑂𝑂𝐴𝐴𝑂𝑂𝐼𝐼 𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝑂𝑂 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂−𝐼𝐼𝐿𝐿𝑂𝑂𝑂𝑂𝐼𝐼 𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝑂𝑂 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂) 𝑥𝑥 𝑇𝑇𝑂𝑂𝑂𝑂𝑂𝑂𝐼𝐼 𝑃𝑃𝑂𝑂𝑂𝑂𝐿𝐿𝐴𝐴𝐶𝐶𝑂𝑂 𝑃𝑃𝑂𝑂𝑂𝑂𝐶𝐶𝑂𝑂𝑃𝑃𝑃𝑃𝑂𝑂𝐿𝐿
𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂

 𝑥𝑥 100%                                             (8) 

𝐷𝐷𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝐴𝐴 𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝑅𝑅𝐿𝐿 =  𝑇𝑇𝑂𝑂𝑂𝑂𝑂𝑂𝐼𝐼 𝑅𝑅𝑂𝑂𝐴𝐴𝑂𝑂𝐶𝐶𝑂𝑂 𝑥𝑥 𝐼𝐼𝐿𝐿𝑂𝑂𝑂𝑂𝐼𝐼 𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝑂𝑂 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂
𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂

 𝑥𝑥 100%                                                                                             (9) 

𝑅𝑅𝑅𝑅𝐵𝐵𝑄𝑄𝑃𝑃𝑅𝑅𝐵𝐵 𝑌𝑌𝐴𝐴𝑅𝑅𝐴𝐴𝐵𝐵 =  𝑆𝑆𝐶𝐶𝑂𝑂𝑂𝑂𝑂𝑂 𝑥𝑥 𝐶𝐶𝐶𝐶𝐶𝐶𝐼𝐼𝑂𝑂 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂
𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝐿𝐿 𝑇𝑇𝑂𝑂𝑇𝑇𝑂𝑂

 𝑥𝑥 100%                                                                                                            (10) 
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3. Results and Discussion 
 
3.1 Results 
3.1.1 Machine Breakdown 
The study was conducted using actual data from a leading Indonesian automobile company. Moreover, to determine 
which machine affects the production process significantly, it is necessary to collect data related to each machine's 
breakdown time. The most significant machine representing each manufacturing process problem is the die casting 
injection machine 16, as shown in Table 1. Therefore, machine no. 16 was chosen to be investigated that includes the 
data on rest time, work time, number of trials, production capacity, defective products, the good product produced are 
also recorded to find the OEE value that could resolve the six big losses. 
 

Table 1. Breakdown times of all machines in minute 
 

 
3.1.2 Overall Equipment Effectiveness (OEE) 
Based on OEE calculations from equations 1, 2, 3, and 4, the average OEE value is 40.95%, as shown in Table 2. The 
OEE value is significantly lower than the world-class standard of 85% (Muñoz-Villamizar et al., 2018); therefore, it 
is necessary to improve the manufacturing process. However, the problem can be fixed if the root problem can be 
determined. Therefore, the researchers compute the six big losses for error classification that affects the machine 
performance. 
 

Table 2. OEE Calculation 
 

 
 
 
 
 
 
 
 
3.1.3 Six Big Losses 
Six Big Losses is representing the six classifications of losses. Furthermore, based on the computation result, the six 
big losses show that idling and minor stoppages were the highest cost of losses, followed by breakdown loss, reduced 

Machine 
No. 

Month Total 
Breakdown August September October November December 

1 2530.00 1730.00 2750.00 2625.00 2330.00 11965.00 
2 3280.70 1875.00 6960.00 3005.00 1720.00 16840.70 
3 2175.00 2010.00 7415.00 3930.00 2315.00 17945.00 
4 3705.00 2814.00 6459.00 3270.00 1335.00 17583.00 
5 1995.00 2095.00 5260.00 3710.00 1060.00 14120.00 
6 1495.00 430.00 3195.00 1560.00 235.00 6915.00 
7 2225.00 1540.00 2540.00 1100.00 360.00 7765.00 

10 3090.00 2250.00 6576.70 2530.00 2085.00 16531.70 
11 3120.00 2465.00 4901.00 2865.00 1290.00 14641.00 
12 2870.00 3012.00 7954.00 3105.00 1735.00 18676.00 
13 3175.00 2168.00 4120.00 3160.00 1875.00 14498.00 
14 3555.00 2110.00 8415.00 2885.00 1435.00 18400.00 
15 2590.00 1356.00 7620.00 4020.00 1945.00 17531.00 
16 3535.00 1630.00 7510.00 4775.00 1600.00 19050.00 
17 2205.00 1420.00 7399.00 3965.00 1440.00 16429.00 
18 2000.00 2995.00 5525.00 2309.00 1390.00 14219.00 
19 3159.00 1545.00 7005.00 3970.00 2555.00 18234.00 
20 3655.00 2493.00 5230.00 2960.00 1720.00 16058.00 

Period Availability Rate 
(%) 

Performance Rate 
(%) 

Quality Rate  
(%) 

OEE  
(%) 

August 84.94 58.18 88.18 45.58 
September 85.85 60.94 83.52 43.69 
October 69.14 67.81 80.81 37.89 
November 78.20 61.70 83.32 40.20 
December 85.89 54.54 84.11 39.40 
Average 80.80 60.64 83.99 40.95 
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speed, setup or adjustment losses, reduced yield, and defect losses. With an average of 35.25, 13.03, 9.75, 6.17, 6.17, 
and 1.62, respectively, as shown in Table 3. 
 

Table 3. Six Big Losses Calculation 
 

Period Breakdown 
Loss (%) 

Setup or 
Adjustment 
Losses (%) 

Idling and 
Minor 

Stoppages (%) 

Reduced 
Speed (%) 

Defect 
Losses (%) 

Reduced 
Yield (%) 

August 10.38 4.68 34.57 9.88 1.16 4.68 
September 6.95 7.20 31.64 10.46 1.42 7.20 
October 24.38 6.48 37.12 9.38 2.52 6.48 
November 15.53 6.26 35.76 9.65 1.79 6.26 
December 7.89 6.23 37.18 9.37 1.22 6.23 
Average 13.03 6.17 35.25 9.75 1.62 6.17 

 
3.1.4 Fishbone Analysis 
As shown in Figure 2, several types of errors were identified in the Fishbone diagram as idling errors, minor stoppage 
errors, and machine time breakdown loss. The category includes the Machine, Section, Die, and other factors 
contributing to the problem. The categories were determined based on the error data classification recorded in the 
company's historical data based on the engine factors as it is the focus of the research. 
 

 
 

Figure 2. Fishbone diagram of Idling and Minor stoppage error and Breakdown loss 
 

3.1.5 Machine Errors 
The top five machine errors were determined to examine the relationship between the machine error and the idling 
and minor stoppages and breakdown loss and the fishbone analysis. As shown in Table 4, the types of damage are 
M17 (abnormal dies lock), M14 (ladle operation not good), M30 (Shot bead not good), M6 (Head spray not good), 
M24 (safety operation not good). The table also includes the total repair time and the amount of damage for five 
months. Moreover, based on the analysis, M17(abnormal die lock) occurs more often and takes the longest time to 
repair, followed by M14 (ladle operation not good), M30(shot bead not good), M6(head spray not good), and 
M24(safety operation not good). 
 

Proceedings of the Second Asia Pacific International Conference on Industrial Engineering and Operations Management 
Surakarta, Indonesia, September 14-16, 2021

© IEOM Society International 2316



Table 4. Machine errors summary 
 

Month 

M17 (abnormal die 
lock) 

M30 (shot bead 
NG) 

M14 (ladle 
operation NG) 

M6 (head spray 
(NG) 

M24 (safety 
operation NG) 

Repair 
Time 
(min) 

Amount 
of 

Damage 
(no.) 

Repair 
Time 
(min) 

Amount 
of 

Damage 
(no.) 

Repair 
Time 
(min) 

Amount 
of 

Damage 
(no.) 

Repair 
Time 
(min) 

Amount 
of 

Damage 
(no.) 

Repair 
Time 
(min) 

Amount 
of 

Damage 
(no.) 

August 12000 5 5100 3 6000 6 7200 4 0 0 
September 0 0 0 0 600 1 27600 11 15000 7 
October 6000 4 28800 15 22200 13 6600 5 600 1 
November 27600 14 8100 7 17400 8 4200 4 3000 2 
December 16200 14 17100 5 5400 6 1200 1 600 1 
Total 61800 37 59100 30 51600 34 46800 25 19200 11 

 
3.1.5 Failure Mode and Effect Analysis (FMEA) 
The FMEA calculation output can be seen from the RPN results from the computation (RPN = Severity x Occurrence 
x Detection), as shown in Table 5. The bigger the RPN, the worse it means. The most significant RPN result is the 
type of error that has the most impact and is the priority to be resolved, which is the abnormal die lock having an RPN 
of 392 followed by ladle operation not good, head spray not good, shot bead not good, and safety operation not good 
with RPN of 336, 245, 70, and 42 respectively. FMEA was made subjectively and based on interviews with factory 
foreman, quality control, the operators concerned. The current controls to the problem were also indicated on the table. 
The recommended action was based on the current situation and the researchers' interview of the persons directly 
involved in the operations. 

 
Table 5. FMEA 

 
Process 
Function 

Failure 
Mode 

Effect of 
Failure Severity Causes Occurrence Current 

Controls Detection RPN Recommended 
Action 

Injection 
Process 

The 
Machine 
cannot 
Inject 

Production 
time stops, 
the number 

of good 
products 

decreases, 
rework 

decreases 
machine 

productivity 

7 

Abnormal 
die lock 7 

Manual lock 
force 

setting, 
plunger tip 

replacement 
every 8000-
10000 shots 

8 392 

Plunger tip 
replaceable 4000-

5000 shot, Operator 
training to use lock 
force automatically 

Ladle 
operation 
Not Good 

6 
Not replaced 
unless it is 

problematic 
8 336 

Running the SOP 
that has been 

created 

Shot bead 
Not Good 5 

Checked 
every shift 

change 
2 70 

Preventive system 
maintenance is 

carried out 

Head 
Spray Not 

Good 
5 Centralized 

flow system 7 245 

Preventive flow 
system 

maintenance is 
established 

Safety 
Operation 
Not Good 

3 
Manual 
operator 

monitoring 
2 42 

Training for 
operators regarding 

safety 

 
3.2 Discussion 
The present study shows that Productivity Analysis is an essential method in manufacturing companies, especially 
when dealing with machine productivity. OEE measurements play an essential part in determining whether the 
equipment is doing what it is supposed to do. The company will be responsible for interpreting OEE's underlying 
factors; the availability, performance, and quality rate will be the key points in determining the particular cause of the 
system's problems (Hedman et al., 2016).  
     The result shows that machine 16 has availability, performance, and quality rate all below the world-class standards 
having 80.80%, 60.64%, and 83.99%, respectively. It shows that performance has the lowest rank among the three 
factors and is a vital indication of a problem with the machine engine. The availability and quality have a higher rate 
than the performance; however, it is still below the set standards. It should also be noted that machine 16 runs the 
same product for five months; thus, there is enough evidence for investigating the selected machine. In our view, 
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likely, the company does not measure the OEE of the machines; accordingly, it is evident not only with the investigated 
machine but also with the remaining machines. Previous research states that under certain factors, the quality rate of 
100% is not realistic to achieve; however, the present study is far from the 99% standard (Jonsson and Lesshammar, 
1999). Kuhlang et al. (2014) state that many companies do not measure the product cycle time or have a basic 
understanding of the productivity analysis and theoretical maximum performance. 
     The result of the six big losses shows that idling and minor stoppages as the top contributor, followed by breakdown 
loss, reduced speed, reduce yield, setup or adjustment loss, and defect loss with an average percentage of 35.25, 13.03, 
9.75, 6.17, 6.17, and 1.62, respectively. The result shows that Idling and Minor stoppages and Breakdown loss are the 
top contributors; therefore, further analysis was focused on these factors. Machine error summary was investigated to 
profoundly see the cause of the problem, and based on the results, abnormal die lock got the highest time of repair of 
61,800 minutes and frequency damage at 37. The remaining problems are shot bead not good, head spray not good, 
and safety operation not good all the identified machine errors are related to the injection process. The last part of the 
productivity analysis was the FMEA, based on the interview with the people involved in the manufacturing process 
and the industry experts. It shows that Abnormal die lock got the highest RPN of 392 followed by ladle operation not 
good, head spray not good, shot bead not good, and safety operation not good. The summary of the results of the 
research analysis is shown in Table 6. 
 

Table 6. Results Summary  
 

Productivity Indicators Results 

1. OEE 

It shows that the OEE of the company was 40.95%, having 
an availability rate of 80.80%, a performance rate of 
60.64%, and a quality rate of 83.99%, below the world-
class standards of 85%. 

2. Six Big Loses 

Among the identified six big losses, the idling and minor 
stoppages (35.25%) were the highest contributors of the 
losses, followed by the breakdown loss having 13.03% 
loss contribution. 

3. FMEA 

The abnormal die lock got the highest RPN of 392 from 
the five identified sources of OEE losses that include ladle 
operation not good, head spray not good, shot bead not 
good, and safety operation not good. 

 
     Although our study reports several significant findings, there are inevitably some noteworthy limitations. First, the 
sample size for the investigated machine was small; there might be an improvement in the OEE results by including 
more machines in the study. Furthermore, due to the limited time, the researchers were allowed to conduct experiments 
and investigations with the company; only the machine factors were considered in the study. As a result, the study did 
not include other factors, such as the manufacturing systems, parameter optimization, and other production-related 
problems that could give significant results. 
     Future studies could increase the number of machines to be investigated to widen the span of results. Moreover, to 
incorporate other techniques like the Taguchi method to help the system design, parameter design, and tolerance 
design on the manufacturing systems. Several literatures used Taguchi to optimize process parameters in a wide range 
of manufacturing industries (Shanmugasundar et al., 2019; Yizong et al., 2017). Therefore, it proves that the proposed 
method can enhance the quality of the results and give more depth to the study that future research might explore in 
extending this study. 
 
4. Conclusion 
The research presented in this paper identified the critical factors that directly affect machine productivity, specifically 
machine engine errors, and the applicability of OEE measures in measuring and identifying losses in the manufacturing 
process. It has been found that when calculating the machine's productivity, it is essential for the companies and 
management not to distance themselves from managing complicated machines. An obvious coordination error from 
the production to the maintenance department affects the machines' maintenance process.  
     It is concluded that the die casting injection machine 16 engine has the most number of breakdowns among the 20 
machines investigated in the research. The machine's availability, performance, and quality rates have a lower value 
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than the world standard of 90%, 95%, and 99%, respectively.  The OEE value is 40.95%, far from the world's OEE 
standard of 85%. The Idling and Minor Stoppages and breakdown losses are the most dominant among six big losses. 
The fishbone diagram results with the machine breakdown summary point out that Abnormal die lock (M17) error 
should be prioritized, having an RPN of 392 based on the FMEA results. The outcome of this research could help the 
company and other automobile companies in Indonesia and other countries experiencing the same problems. 
Manufacturing companies can incorporate the methods and results to fully utilize the study's potential and the 
importance of productivity analysis through OEE and FMEA. 
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