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Abstract. The quality of crumb rubber has several grades according to Indonesian Rubber Standard (SIR). 
In crumb rubber process production, lots of products need to rework because it does not match with 
specified specifications. The types of rework product based on SIR that cause of defects such as hard, soft 
and dirt. However, the reworked products will produce crumb rubber with lower grade quality. This 
certainly affects the selling price of the crumb rubber. Also rework will incur additional production costs. 
Efforts that can be used to minimize the number of rework is to identify the factors that cause failure and 
determine the priority level of the risk of failure in the production process crumb rubber. It can be used is by 
using Fuzzy FMEA method. This method aims to get the risk of failure and the level of risk of failure 
during the crumb rubber production process. Fuzzy FMEA method also obtained the highest RPN value is 
equal to 489 for the risk of failure of engine dryer temperature is too high. Through the highest priority level 
of failure (RPN), company can determine the steps to make improvements during the production process to 
improve the quality of crumb rubber products. 

1 Introduction  
Companies always want to increase productivity in order 
to produce smooth production process. Production 
process that can be seen based on efficient production 
and can achieve the desired production target. Quality 
control in the process can help minimize the costs that 
arise, can also attract consumers because of the trust and 
consumer satisfaction of these products. 

The problems that occur in this study are products 
that do not conform to the standards produced by the 
reworked product. Therefore it is necessary to improve 
the quality for each product using FMEA fuzzy method 
to see which process is the most error and provide the 
right information for the company. 

FMEA is a systematic bottom-up approach for 
identifying potential critical failure modes of a 
manufacturing process or a product to provide key 
information for improvement and risk assessment [1]. 
FMEA is a widely used quality improvement and risk 
assessment tool in manufacturing industry. This tool 
combines the human knowledge and experience to 
identify: [2] identify known or potential failure modes of 
a product or process, [3] evaluate the failures of a 
product or process and their effects, [4] assist engineers 
to initiate corrective actions or preventive measures, and 
[5] eliminate or reduce the chance of the failures 
occurring.  

In FMEA method, three parameters (severity, 
occurrence, and detection) are used to describe each 
failure mode of a product or process. Severity is the 
seriousness of the failure. Occurrence is the probability 

or frequency of the failure occurring. Detection is the 
likelihood of detecting the failure. Each parameter can 
be assigned a rating from 1 to 10. Risk priority number 
(RPN) is the product of the severity, occurrence, and 
detection ratings. And, the criticality of each failure 
mode can be generated by the calculation of RPN. The 
failure having a higher RPN will have a higher priority 
for corrective action or preventive measure [6].  

Fuzzy system is a knowledge-based system which is 
constructed from expertise and experience in the form of 
fuzzy IF-THEN rules. Through building knowledge-
based model, expert knowledge and judgment could be 
utilized to make the FMEA assessment method more 
reasonable and convenient. This approach uses linguistic 
variables to represent the severity, occurrence, and 
detection of each failure mode. Each linguistic variable 
has five linguistic terms to describe it. These linguistic 
terms are Remote (R), Low (L), Moderate (M), High (H), 
and Very High (V)[7]. 

Fuzzy concept was incorporated to FMEA 
methodology to allow uncertainty and imprecise 
information to be  included [8]. Fuzzy FMEA has been 
widely used in many industrial applications as in marine 
industry [9], engine systems [10] auxiliary feed water 
system in nuclear power plants [11] and wind turbine 
assembly manufacturers for risk and reliability analysis 
[12]. However, research by minimizing rework using 
fuzzy FMEA has never been done with crumb rubber 
industries. The aim of this study is get the risk of failure 
and the level of risk of failure during the crumb rubber 
production process.  
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2 Methodology 

The study was conducted in one of the companies that 
produce crumb rubber which is the object of this 
research is the number of crumb rubber products in 
rework. The study begins with a direct observation to see 
and observe the situation at the study site. From the 
results of observation, determined the formulation of the 
problem accordance by what is happen to the company. 
After the formulation of the problem is determined, 
determined the purpose of research on the problems that 
occurs. The purpose of the study determined is a solution 
of the existing problems. Furthermore, collecting the 
data needed in conducting this research. Data collected 
are crumb rubber production data and crumb rubber 
product defects. By both data, data processing is done 
using fuzzy FMEA method. 

Failure mode and effects analysis (FMEA) is known 
as a systematic and structured way for detecting system    
modes and evaluating the effects and consequences of 
failure modes [13]. FMEA is an evaluation technique 
used to identify and eliminate known and/or potential 
failures, problems, and errors from a system, process, 
and/or service before they actually occur [14]. FMEA 
Fuzzy is used to determine the  value of the risk priority 
number of failures that occurs. The use of this method 
helps companies in determining which processes should 
be prioritized in gradual solution delivery to minimize 
the occurrence of failure in production process.   

This method usually begins in review processes of 
product or system design. Along with the product or 
system design changes and also gathering information 
about the product or system performance by testing 
before manufacturing and field experiences, the results 
evolved over time. This method is used in decision-
making during the designing phase of the product or 
system [15]. The stages in the use of Fuzzy FMEA 
method begins by identifying the type of defect that has 
the greatest potential to occur in the production process 
with the pareto rule. Then analyzed the cause of crumb 
rubber product defect by cause and effect diagram. After 
the cause of defect is known, then determine the value of 

Risk Priority Number (RPN) by using FMEA method. 
RPN value obtained through the multiplication of 
severity rating, occurance, and detection. The calculation 
of RPN can be done by using the formula. 

         SS = S  x O x D                         (1)                      

The value of RPN obtained will be input on the 
fuzzification process. Through this process, will be 
obtained fuzzy risk priority number (FRPN). Based on 
the value of FRPN, the most riskiest cause of defect is 
found and will be the top priority in making 
improvement later. 

3 Result and discussion 

3.1 Identification of defect types 

This identification is carried out to identify defect types 
that becomes the priority and most riskiest product 
defects that occurs in the company. This stage is done by 
sorting each defect types from the largest number of 
defects to the smallest. Then calculated the percentage of 
defect and the cumulative percentage of each defect 
types. Based on the cumulative percentage results, it is 
determined that defct types should be analyzed further 
using the pareto rules. The pareto rule used is 80-20 
where 80% of problems arising from the resulting 
product come from 20% cause of defect. The results 
show that defect types must be analyzed further and 
become the cause of the problem is a hard crumb rubber 
and crumb rubber that has fish eyes. 

3.2 Defect causes analysis 

Causes defect analysis of  crumb rubber products is done 
by using the cause and effect diagram. This diagram 
serves to analyze and find the factors that influence 
significantly in determining the quality characteristics of 
the product. A cause and effect  diagram for a defect 
crumb rubber product can be seen on Fig. 1 dan Fig. 2. 

HARD

MATERIALHUMAN

MACHINE

Operator did not check the
machines periodically

Mixing of raw materials
not according to the rules

Operator is less careful

Operator is less careful

Quality of raw materials less good

Machine age is old

Machine temperature is too high

 
Fig. 1. Cause and effect diagram of hard crumb rubber product defects. 
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FISH EYE

MATERIALHUMAN

MACHINE

Operator is not responsive to operate
the machine

Operator presses the boken
piece of latex

Operator is exhausted

There are water in material

Temperature machine is unstable

Machine is not working optimally

Machine age is old

Operator is less careful

 

Fig. 2. Cause and effect diagram of crumb rubber product defects with fish eye.

3.3 Risk priority number by FMEA 

The value of the risk priority number (RPN) can be 
obtained by first determining the value of failure effects 
(severity), chance of failure (occurance), and detection 
of failure (detection). 

RPN value obtained through the multiplication of 
severity rating, occurance, and detection. Based on the 
calculation, it is found that defect types of hard crumb 
has a value of  RPN about 175 and 90 with a value of S 
about 5, O consist of 7 and 6, and D consist of 5 and 3. 
Besides, defect types of hard crumb rubber with fish eye 
has a RPN value of  245 and 120 with  S value about 5, 
O consist of 7 and 6, and D consist of 7 and 4. 

 

3.4 Fuzzy failure mode and effect analysis   

Fuzzy logic in FMEA is an appropriate way to determine 
an input space into an output space. Input in this fuzzy 
logic approach is obtained by the value of failure effect 
(severity), chance of failure (occurance) and detection 
failure (detection) of  FMEA stage. This process is done 
using the Mamdani method or often known as the 
Maximum-Minimum method. Because the input 
variables are divided into 3 fuzzy sets, ie for variable S 
(severity), O (occurance) and D (detection) where the 
output variables have a fuzzy set, ie Fuzzy Risk Priority 
Number (FRPN). Recapitulation of FMEA fuzzy 
calculation of crumb rubber product can be seen on 
Table 1. 

Tabel 1. Fuzzy FMEA of  crumb rubber product. 

Failure 
Mode Failure Effect S Failure Causes O Detection Method  D FRPN 

Hard 

The product can not be processed, 
makes disrupting the function of 

product as a whole, the product is not 
accepted by the consumer and the 

hard products can be rework 

5 

Temperature of 
dryer machine is 

high 
7 

Checking machine 
during the production 

process 
4 491 

Operator did not 
check dryer 

machine 
periodically 

5 
Operator checks the 
temperature machine 

3 366 

Fish Eyes 

Display product is not interesting, the 
product must be returned by the 

consumer and 100% of fish eye can 
be rework 

5 

Operator presses 
the broken piece of 

latex because of 
inserted into the 

box 

7 

Pay attention to the 
broken piece of latex 
when inserted into the 

box 

7 629,32 

Machine is not 
working optimally 

6 
Check if the machine 
is in good condition 

or not 
3 374,71 

        
Based on the above table, shows that the highest 

FRPN value about 629.32 by the  failure cause of 
operator presses the broken piece of latex because of 
inserted into the box and becomes the first priority in 
making improvement. This result clarifies some previous 
studies which suggest that the use of FMEA fuzzy is 
able to overcome problems in minimizing rework, risk 

assessment, and failure factors [1,8]. Fuzzy FMEA 
determines the ranking of the factors most at risk of 
failure based on the value of the fuzzy RPN, which is 
implemented to make the system more reliable and help 
maintain sustainable production without rework [1]. 
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4 Conclusions 
Fuzzy FMEA is used to get minimized rework by 
identifying factors that cause failure and determine the 
priority level of the risk of number priority (RPN) in 
crumb rubber process production. From the FMEA 
results shows that the highest RPN value is the cause of 
operator presses the broken piece of latex because of 
inserted into the box is 245 with moderate category, 
while the fuzzy FMEA results obtained by the highest 
FRPN value is the cause of operator presses the broken 
piece of latex because of inserted into the box is 629.32, 
high-very high category. 
 
Authors would like to thank to Universitas Sumatera Utara 
forfunding the financial support for publishing this paper. 
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