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Abstract—Drum testing is equipment to test tire capability 

in the highway prototype in the tire company. Overall 

Equipment Effectiveness (OEE) is used to measure the 

productivity of the equipment. OEE has declined and has not 

achieved the target from Jun 2019 until June 2020.  

The objectives of this research are to determine the fixed 

parameter in the OEE calculation at the Drum Testing and to 

increase the OEE for achieving the company target. Process 

Failure Mode Effects Analysis (PFMEA) and Failure Mode 

Effects Analysis (FMEA) help to identify potential failure mode 

and its consequences, and formulate a solution to achieve the 

OEE target by improving the drum testing machine. 

Furthermore, an ideal target should be customized based on the 

manufacturing year and brand of the machine. This research 

showed PFMEA and FMEA successfully improve the OEE 

efficiency for five machines increases the average OEE from 

53.6% to 67.2%.  

 
Keywords: overall equipment effectiveness (OEE), failure 

mode effect analysis (FMEA), process failure mode effect 

analysis (PFMEA), drum testing machine, risk priority number 

(RPN). 

 

I. INTRODUCTION 

Tires are an important part of a motorized vehicle that 

functions to continue power push and braking, control 

direction, as well as support the load and speed of vehicles 

load. Based on the function of the tire, it is necessary to 

have performance test tires. The tire performance test is a 

national and international requirement testing for a critical 

item where a tire is installed in the vehicle must be 

completely safe to use and run for both high speed and 

endurance. It is very necessary to test the performance of 

the tire so that the tire can fulfill its function [4]. 

A drum testing machine is an instrument in the form of 

a steel wheel with a smooth surface and a diameter of 1707 

mm and a minimum width equal to the total width of the 

tire. There are 3 types testing tire performance of drum 

testing as follows: 

1. High-speed Test (constant load test with 

increasing speed)  

2. Endurance Test (constant speed test with 

increasing Load) 

3. Long Run (Bead durability with low speed and 

max load) 

 

 

Fig. 1. Drum testing machine 

Fig.1 a drum testing machine consisting of drums and 

tires. The Drum test is a tool or machine drum-shaped with 

a diameter of 1,707mm and has surface as a prototype of 

the highway in Laboratory indoors condition 

II. LITERATURE REVIEW 

This section explains the study theory that is relevant to 

the research as follows:  

• Overall Equipment Effectiveness (OEE), Failure 

Mode Effect Analysis (FMEA), Process Failure 

Mode Effect Analysis (PFMEA), Ishikawa 

diagram, Autonomous Maintenance and tire 

testing methods. 

• Thus provide a strong background for this 

research, Fig. 2  shows the mind map of this 

research. 
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Fig. 2. Literature review mind map 

A. Overall Equipment Effectiveness (OEE) 

Overall Equipment Effectiveness (OEE) is measuring 

productivity and effectiveness and identifies equipment 

potential, tracking loss and improvement opportunity. The 

OEE result is an indicator of the performance of TPM [9]. 

Overall Equipment Effectiveness (OEE) is a good method 

to measure the performance of the machine and conducted 

observation, with an analysis fish-bone diagram. The 

results of OEE can be used to propose a suitable corrective 

action. Therefore, OOE really suits manufacturing process 

environment that requires reliable machinery [6]. 

OEE (Overall Equipment Effectiveness) is the best way 

to find out the extent to which a machine is effectively used 

by considering Availability, Performance, and Quality. The 

results can be compare between machine and between 

manufacturing in different Machine, division, departments, 

industries and service testing [12]. 

The results of objective OEE are: 1) Increase Efficiency 

2) 3) Increase lifetime machine 4) Decrease backlog testing 

5) Reduce cost 6) Increase Profit. 

The component of OEE is Availability, Performance, 

and Quality and the formula for calculations is [12]. 

Equation  1 Formula of OEE: 

% 𝑶𝑬𝑬 = % 𝑨𝒗𝒂𝒊𝒍𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒙 % 𝑷𝒆𝒓𝒇𝒐𝒓𝒎𝒂𝒏𝒄𝒆 𝒙 % 𝑸𝒖𝒂𝒍𝒊𝒕𝒚   (1) 

B. Process Failure Mode and Effect Analysis (PFMEA)  

 

Process Failure Mode and Effects Analysis (PFMEA) 

is a type of FMEA, which purpose to identify potential 

failure factors in the production process as well as 

preventive measures to ensure product quality by detecting 

the severity, probability occurrence and failure detection, 

trying to improve product quality [2]. 

C. Failure Mode and Effect Analysis (FMEA)  

 

Failure Mode and Effect Analysis is a method used to 

prevent errors that may occur in the future and an 

engineering technique used to determine, identify and 

eliminate known Potential failures, Failure effects, Failure 

causes, or Failure errors, from the system or design and 

service process before the failure reaches the customer. It 

is the system approach and mental discipline that an 

engineer normally goes in any based on experience [11] 

FMEA is a systematic technique for finding the problem, 

measuring Severity, Occurrence and Detection to get the 

value of Risk Priority Number (RPN), evaluating, and 

assessing potential problems or failures from design to 

process before the problems occur. 

FMEA is one of the Core Tools contained in 

international standards for the automotive industry such as 

IATF 16949 and a quality tool that is widely applied in the 

automotive, aviation, and electronic semiconductor firms 

to eliminate potential problem even before a product is 

mass production [8]. in 1949 the proactive approach was 

developed first implemented by the United States Army in 

the 1970s. FMEA is one of the Six Sigma tools to identify 

the source or cause of a quality problem. According to 

Chrysler (1995), FMEA can be done by: 

1) Recognizing and evaluating the potential failure of a 

product and knowing the impact that would occur if 

there was a failure.  2) Identify actions that can 

eliminate or reduce the likelihood of potential failure 

occurring. 3)Process documents 

The steps to the identification of FMEA can be describe 

as follows [1]: 1) Identification of critical machine 

functions 2) Identification of potential failure modes 3) 

Identification of Failure Effects 4) Identification of Failure 

causes 5) Define value Severity, Occurrence and Detection 

6) Calculate Risk Priority number (RPN) . 

The next step is more on the evaluation of maintenance 

measures. This is important, because any improvement that 

conducted can be planned using previous maintenance 

activities. This action can eliminate redundant action plans 

so that maintenance is more effective. A risk priority 

number (RPN) is calculated for each failure mode. The 

RPN is obtained by multiplying the severity rating (S), the 

likelihood of occurrence (O), and the likelihood of 

detection (D) obtained in the previous step. Given that all 

ratings are drawn in the interval 1 to 10, the three factors 

are considered to have equal weight in the RPN score. 

RPN calculation is expressed as below [1] 

Equation.2 Formula of RPN: 

𝑅𝑃𝑁𝑖 = ∑ 𝑆𝑖  𝑥 𝑂𝑖  𝑥 𝐷𝑖 = 1,2,3 … 𝑛𝑛
𝑖=1                                   (2) 

 

RPN : Risk Priority number , S : Severity, O: Occurrence 

D: Detection  

 

Comparison of the features of the proposed and 

previous models. the number of research articles About 

OEE studies where almost all papers can identify the source 

of the big loss of each process on Availability, Performance 

and Quality and also determine the calculation of OEE [7], 

[10]. 
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The decision to use the PFMEA and FMEA method in 

this research is based on the research article that is closest 

to the research paper [2], [3], [5] where in this paper it is 

clearly described how to identify and prioritize potential 

failures in the production process can to identify paremeter 

Severity, Occurrence and Detection and get Suggested 

solutions to reduce or eliminate manufacturing process 

failures [3], [5],[1],[9]. FMEA is one of a systematic 

system method for failure highly structured for failure 

analysis which at the time of implementation shows 

successful results of increasing OEE because this method 

can analyze failures at the design, in process when has been 

mass production. This method can directly lead to the Risk 

Priority number (RPN) value defined as the product of 

Severity (S), occurrence (O), and Detection (D) failure 

corrective action should be taken. 
. 

III. RESEARCH METHOLOGY 

This research uses primary data and secondary data, 

The Primary data are taken from Documents and records 

that carried out by collecting data from Tire Testing 

laboratory and Engineering Department. Data consists of 

on how the OEE calculation method is currently being 

carried out, whether all the items for the calculation have 

been covered, what is the biggest factor causing the 

decrease in OEE, and what are the general corrective 

actions taken in case of damage and how to setup the 

machine. 

The secondary data are from observations to ensure that 

the data obtained is valid and real and can be calculated. 

Observations were made at the beginning of the sampling 

process, rim preparation, tire testing preparation, 

maintenance schedule implementation, length of downtime 

and setup, and repair time in the event of a machine failure. 

A. Flow chart of Research Methodology 

  
Fig. 3. Research methodology 

The flow chart research methodology is shown in Fig. 

3 with the following steps. 
 

IV. RESULT AND ANALYSIS 

This section provides the result of calculating the result 

OEE before review and after review, result develop FMEA 

and PMEA and the result of the implementation of FMEA 

and to answer the research problems, research questions. 

A. OEE Calculation 

Analysis after the review resulted in changes of 

placement and calculation of OEE 
 

 
 

Fig.4 OEE Item Calculation 

The source of the OEE calculation is from Six Big Losses 

and is depicted in Fig.4 Big Losses consists of 1) Testing 

stop holiday 2) Plan for repair and maintenance 3) 

Efficiency loss & machine validation 4) No test plan 5) 

Time to meal and rest 6) Preparing for testing 7) Waiting 

for the tire or equipment 8) Waiting for drum testing 

dangerous 9) Waiting between positions 10) Quality Losses  

B. Analysis Ishikawa of Diagram OEE 

 In the Ishikawa of Diagram at Fig 5, it can be seen that 

there are three dominant factors that influence the 

achievement of OEE: Machine, Material and Man. 

 
Fig.5 Analysis Ishikawa diagram of availability 
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In the machine factor, the machine is often damaged 

then it needs maintenance, for the human factor, operator 

skills are still lacking while the material factor is raw 

materials/spare parts are often not available. 

 

C. Flow of PFMEA & FMEA 

Process Failure Mode and Effects Analysis (PFMEA) 

is a type of FMEA, which identifies the potential failure 

factors in the production and assembly process, uses a 

methodological logic to identify the failure rate of the 

product in the production process and seeks to correct the 

failures in processes [2]. 

PFMEA determines testing requirements and 

weaknesses in the testing process, either based on 

experience on the previous testing or from external 

testing. There are the important when to define DFMEA 

as follows:  

1) Set special characteristics on testing that have an 

impact on safety, functions, and government 

regulations. 2) Identification of historical problems 

with internal testing or external testing. 

FMEA defines requirement item or Function: 

Hazardous- No warning, with warning, classification 

downtime effect Very high until Low. There are the steps 

as follows:  

1. Determine the process requirements at each stage of 

the Drum Testing process. The goal is to determine the 

characteristics according to product requirements or 

environmental requirements or safety requirements. 2) 

Identify the potential failures in the process to meet 

requirements. 3) Determine the effect of potential 

failure on requirements. 4) Assign Severity ranking for 

each effect mode (S), Occurrence (O), Detection (D) 

and Calculation Severity, Occurrence & Detection. 5) 

Calculate RPN (Risk priority number). 6) Apply 

Corrective action for improvement RPN to reduce High 

and Very-High risk Failure mode. 

D. Analysis OEE 

The results of OEE, Availability, Performance, and 

Quality of the five machines can be seen in Table 1.  
 

TABLE 1. 

REVIEW OEE 

Machine 
Average  

availability 

Average 

Performance 

Average 

Quality 
OEE 

DDT1 95.5% 30.8% 95.5% 28.2% 

DDT2 96.9% 74.1% 96.7% 70.0% 

DDT3 93.5% 82.1% 99.1% 76.1% 

DDT4 78.1% 77.8% 96.0% 57.6% 

DDT5 70.1% 54.9% 95.3% 36.1% 

 

The availability factor of DDT4 and DDT5 machines 

are still less productive and the performance factors for 

DDT1 and DDT5 are still less than optimal, while in the 

Quality factor there are problems on DDT1, DDT2, DDT4 

and DDT5 machines. 

E. Process Failure Mode Effect Analysis (PFMEA) for 

Drum Testing 

The process from scheduling to the end of the report 

creation process and starting Process & Function, 

Requirements, Potential Failure Mode, Potential effects of 

Failure, Potential Cause (s)/Mechanism (s) of Failure, 

Current Process Control Prevention, Current Process 

Control Detection were determined by the team member 

and determining the value of Severity, Occurrence & 

Detection to get the RPN value for all processes and 

determine the category that needs to be done. 

Recommended Action and Responsibility & Completion 

for RPN: 101-150: Inherent Risk: High, Action Plan: 

Eliminated, mitigated, transferred and RPN: ≥151: Inherent 

Risk: Very High, Action Plan: Eliminated, mitigated, 

transferred 

TABLE 2. 

PROCESS FAILURE MODE AND EFFECT ANALYSIS 

 

In Table 2. described Process Failure Mode and Effect 

Analysis in point 3, the problem with installing tire to rim 

is caused by the rim that is not used standard and the 

corrective action taken is to ensure the operator to ensure 

that the spec database and standard are in accordance, the 

preventive is the use of a barcode system in the laboratory.  

Point 4 item conditioning time is caused by the operator not 

understanding how to test procedures, the improvement is 

to provide retraining to operators and verify all test 

methods used on tires. 

Point 6 item testing tire is caused by mistake inputting 

data on the computer, the improvement is to ensure that the 

parameter settings are correct and re-verify to avoid a 

mistakes, the prevention is that all test items are available 

on the computer therefore the operator only chooses the 

spec according to the test. 
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F. Failure Mode Effect Analysis (FMEA) for Drum 

Testing  

The analysis results that can be obtained from the 

agreement consists of several members who formulate 

FMEA for a drum testing machine and this has become a 

mutual agreement from determining the Item / Function, 

Potential Failure Mode, Failure effects, Failure Causes and 

determining the value of Severity, Occurrence, Detection 

and determination of the RPN value and the categories that 

should be corrected.  

Recommended Action for RPN: 200-300: Inherent 

Risk: High, Action Plan: Eliminated, mitigated, transferred 

and RPN: ≥301: Inherent Risk: Very High, Action Plan: 

Eliminated, mitigated, transferred. 

TABLE 3. 

LIST FMEA CATEGORY VERY-HIGH AND HIGH OF RPN 

 
 

In Table 3. FMEA Drum Testing describes it can be 

seen that there are several items that have a low RPN to the 

highest RPN which are made in the L (Low), M (Medium), 

H (High), VH (Very High) categories. This will contribute 

directly to the machine process itself, especially in the H & 

VH category. Because of this, the categories H and VH 

must be able to solve each problem so that it can optimize 

engine performance. For the Low and Medium categories, 

it remains a priority for improvement after H and VH are 

resolved 

G. Result of OEE after PFMEA & FMEA Implementation  

The OEE results after the implementation of the FMEA 

and DFMEA methods showed a significant result, the 

improvements made have an impact on the productivity 

and efficiency of the company. 

 

 

 

TABLE 4. 

OEE AFTER IMPLEMENTATION FMEA 

MC 

No 

A P Q OEE AI OEE BI OEE Delta 

DDT1 96.1% 36.2% 96.5% 33.6% 28.2% 5.3% 

DDT2 99.0% 89.8% 98.5% 87.6% 70.0% 17.6% 

DDT3 100.0% 85.8% 99.1% 85.0% 76.1% 8.9% 

DDT4 100.0% 85.0% 95.9% 81.5% 57.6% 23.9% 

DDT5 72.4% 69.1% 97.0% 48.6% 36.1% 12.4% 

Avg      13.6% 

 

A  : Availability, P : Performance, Q: Quality 

OEE AI : OEE after Implementation FMEA 

OEE BI : OEE before Implementation and after review 

OEE Delta: OEE Increase after Implementation FMEA 

 

The percentage of increase in OEE after 

implementation is measured by each machine is shown in 

Table 4. 

 

 

Fig. 6. Chart OEE after implementation FMEA 

In Fig 6 shows the percentage of increase in OEE after 

implementation and from the overall implementation there 

has been an increase in each machine. 

V. CONCLUSION AND RECOMMENDATION  

OEE is powerful indicator to measure the effectiveness 

of the machine drum testing and influenced based on three 

important parameters which are; Availability (A), 

Performance (P), and Quality (Q) and using FMEA and 

PFMEA method with improvement maintenance 

performance, Autonomous maintenance. 

A. Conclusions 

This research showed PFMEA and FMEA successfully 

improve the OEE efficiency for five machines increases 

DDT1 is 5,3%, DDT2 is 17,6, DDT3 is 8.9%, DDT4 is 

23,9%, DDT5 is 12.4 %   and an average increase of 13.6% 

so that the average OEE from 53.6% to 67.2% and reduces 

the cost of external testing and reduces the testing backlog. 

the analysis that has been done is as follows: 

Material must be preparation materials and machines 

according schedule testing, Machines needed maintenance 
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with preventive maintenance and autonomous maintenance 

are periodically so that machine performance can be 

optimal. Besides that, there is a need for parts that are 

critical parts and consumable parts so that they can reduce 

downtime machine. Man the routine training is needed to 

further improve operator performance, Method need 

periodical reviews regarding SOPs and procedures to 

facilitate drum testing operations. Drum test room need 

maintenance of the AC and heater is necessary as well as 

routine cleanliness of the evaporator and filter so that the 

temperature in the drum test room is always in good 

condition. Spare part needs to provide spare part stock. 

 The advantage of this method is that it can see the 

events that will occur so that it requires consistency and 

compliance from all parties, operators, superiors, 

Engineering and management, especially in providing the 

necessary spare parts. It is expected that all personnel can 

consciously carry out Autonomous maintenances, 

calibrations, speed up the un-assembly of rim from tires, 

following schedule, work procedures and instructions with 

discipline. 

This research has merit compared to the reference 

which is that this research leads directly to the drum testing 

machine at the tire manufacturing so that it can be 

implemented in the same industry. 

 

B. Recommendations 

 

OEE target is made in accordance to production 

manufacturing that based on the similarity on machine type 

or brand for each machine Evaluation and control of 

periodic implementation will have an impact on the 

efficiency and productivity of the Company. 

Evaluation and control of periodic implementation will 

have an impact on the efficiency and productivity of the 

Company. 

To set the new target OEE each DDT1, DDT2, DDT3, 

DDT4, DDT5 referring to the difference of improvement. 

example change target from 55% to 65% for DDT1 & 

DDT5 by preparing the required spare part to achieve the 

overall average of OEE.  

Considering the current condition which is in 

economic crisis due to Covid 19 pandemic, purchasing new 

machine is the least priority of the top management. 

However, when the company’s financial health gets better, 

purchasing new machine to support the activities in Tire 

Testing Laboratory will be an option, and it will be started 

by feasibility study of the new machine procurement. 
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