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The quality of midsole products significantly impacts the quality, 

durability, and comfort of the users of shoe products manufactured by ABC 

company. The high percentage of the average number of product defects 

based on product yield data for 12 months is 3.1% which exceeds the 

average number of product defects required by the company by 2%. There 

are six types of defects in the midsole: yellowing, porous, bubbles, broken, 

over left material and trimming. Three types of midsole product defects 

from six types of defects are the focus of improvement based on the Pareto 

concept, the name of the type of defect is yellowing. Porous and over left 

material with a total defect percentage of 82.9%. This study aims to 

evaluate flaws in the midsole production process using a method that 

combines failure mode and effect analysis (FMEA), fuzzy logic, and Pareto 

diagram analysis. FMEA is used in shoe manufacturing to identify failure 

modes, their causes, and their effects. In contrast, fuzzy logic methods for 

input factors, such as occurrence (O), severity (S), and detection (D), are 

used to obtain a fuzzy risk priority number (FRPN). The assessment using 

rule-based FRPN provides strong evidence that the proposed methodology 

is logically useful for prioritizing the value of the RPN.  
 
 

Keywords: 

 

 

Defect  

Fuzzy risk priority number 

Midsole  

Pareto diagram  

Quality 

*Corresponding Author 

 

Erni Krisnaningsih  

E-mail: 

ernikrisnaningsihpaidi@unbaja.ac.id  

This is an open-access article under the CC–BY-NC-SA license. 

 

   
 

  

 
 

 © 2022. Some rights reserved 

 

 

 
1. INTRODUCTION 

Quality can be defined as a level or measure of 

product conformity or item with the wearer or 

consumer [1], [2]. Quality is also interpreted as the 

product's level of conformity with the standards set. 

Good product quality will be able to meet the 

wants and needs of consumers, so businesses must 

maintain product quality to compete with other 

businesses in maintaining consumer satisfaction 

[3]. Quality issues have led to the company's tactics 

and strategy to compete against global competition 

[4]. ABC company is one of the world-class shoe 

manufacturers; footwear products produced in-

clude sports shoes, children's shoes, pet shoes, 

sandals, and other shoes.  

The production process of making a low-

quality midsole is generally caused by poor 

mechanization of production processes, improper 

operation and maintenance, poor operation of 

machines and inadequate management practices, 

Inadequate supervision, and delays in detecting 

faults while the equipment is in operation. A 

quantitative examination of the midsole manu-

facturing process allows for suggesting corrective 
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actions during manufacturing, avoiding compli-

cated and costly repair processes. Several risk 

analysis techniques, including fault tree (FT), 

markov modelling (MM), failure mode and effects 

and criticality analysis (FMECA), root cause 

analysis (RCA), and non-homogeneous poisson 

point process (NHPPP), have been used in 

previous studies [5]. 

The problem in the quality control process is 

that many defective products are still produced in 

the production process that runs every day due to 

several factors. There will need to be an analysis 

to minimize the defective product. Preview of the 

occurrence of product defects is still above the 

average set by the company. Based on production 

data in 2020, there is an average product defect of 

3.1%. The proposed application of the Fuzzy RPN 

method reduces the occurrence of defective 

products in midsole production. 

Several studies have previously been con-

ducted to detect product defects, including A study 

to identify the cause of critical defects in manu-

facturing Gel solar batteries using FMECA. The 

results of improvement research in the traditional 

FMECA method of failure rating based on the 

value of risk priority number (RPN) of products 

calculated based on the value of O, S, and ND with 

the index value "S," The "O" index estimates the 

frequency of failures. In contrast, the "ND" index 

estimates the probability of failure without 

determining the cause [6]. Study to improve the 

process of purchasing General Hospitals, the 

results of fuzzy FMEA Implementation can solve 

problems arising from conventional FMEA. They 

can efficiently find the mode and effect of 

potential failure [7]. Study to prioritize forms and 

assessment of failures appropriate for the work 

process in the emergency department successfully 

Assist the emergency department in choosing the 

problem appropriately for corrective repair and 

corrective action [8]. The renewable energy sector 

should concentrate on hydropower and wind 

energy investment to determine the best invest-

ment decisions that can be made in the renewable 

energy sector in Turkey, with the best results in 

the renewable energy investment sector  [9]. Study 

to assess the supplier's overall performance, the 

proposed Model research results effectively 

increase the total profit and reduce the amount of 

risk that weighs on an ongoing basis [10]. Study 

to assess and identify previous hazards as well as 

new ones at the time of research with research 

results, the results of research case studies of 

hospital sterilization units obtain the results of 

fuzzy FMEA methods that are proposed to be 

adequate for application [11]. Study to obtain the 

highest Fuzzy RPN value, which will be used as 

an additional focus to reduce some types of 

failures with results based on analysis to reduce 

the occurrence of uneven failures  [5]. Study to 

determine the type of risk in the poultry 

production process with the results of obtaining 

accurate analytical tools for companies to develop 

inappropriate mitigation ways to improve the 

production process in meeting the demand 

schedule [12]. Study to increase the rigidity of the 

FMEA methods applied earlier. The resulting 

model is more consistent for RPN calculations for 

fair management assessment and prioritizing and 

improving monitoring process actions [13]. Study 

to analyze unconventional population systems and 

understand the system risk picture. The resulting 

model helps the management and staff of gas 

stations in preventing the risk and security of gas 

stations [14]. Study for risk and maintenance 

decision-making on LPG refuelling, the resulting 

model in the form of Fuzzy RPN is used to 

validate the risk of FMEA priority amount [15]. 

The paper presents a total efficient risk priority 

number (RPN) technique for measuring product 

defect risk that integrates FMECA with other 

significant criteria [16]. 

Implementing the fuzzy risk priority number 

(FRPN) is expected to detect product defects in 

uncertain conditions and increase the rigidity of 

the fuzzy Mamdani method. Previous studies' 

shortcomings included reducing the rigidity of the 

assessment scale, addressing biases and 

inaccuracies in subjective estimates, and the 

fuzzification process to ensure more consistency 

for fuzzy risk with priority number calculations 

(FRPN). 

The paper is structured as follows: The 

Introduction section explains the reasons and 

background of the problems and the research 

done. Description of the proposed analytical 

approach to defects of shoe midsole products in 

the research and methodology section. The results 

and discussion sections present fuzzy logic 

methods using fuzzy linguistic variables and 

membership functions for occurrence, severity, 

and detection to achieve FRPN. The proposed 

application of a Pareto diagram allows 80% of the 

primary causes of product defects to be found to 

propose preventive measures to reduce the 

likelihood of failure. The conclusion of the study 
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results is presented in the conclusion section. 

 

2. RESEARCH METHODS  

The product defect criteria data midsole is six 

product defects in the midsole found, defects in 

the form of yellowing, porous, bubble, broken,  

over left material and trimming (Fig. 1). 

Zadeh was the inventor of fuzzy logic, re-

placing the classical Aristotle logic by presenting 

the concept of the Fuzzy logic set  [17]. The 

underlying force of set theory is to use linguistic 

variables rather than quantitative variables to 

present concepts that are not precise. A fuzzy set 

is a set that contains elements with varying 

degrees of membership [18]. It differs from the 

classic set (Crisp) in that members of the crisp set 

will not become members unless the membership 

in the set is complete, whereas members of the set 

do not need to be complete to become members 

[19]. A fuzzy set is a grouping of a language 

variable, expressed in the membership function  

[20]. In the U universe of discourse, the 

membership function of the fuzzy set universe is 

worth between 0.0 and 1.0. A Fuzzy system will 

have parts fuzzification, inference machine, rule 

base, and defuzzification [21]. The process of 

transforming sharp inputs into membership is 

known as fuzzification degrees. It explains how 

well inputs fit linguistically defined terms—the 

architecture of the linguistic fuzzy system model 

in Fig 2. 

Fuzzy logic is used in FMEA to help 

determine the RPN value of failures that occur 

[22]. With this fuzzy FMEA method, the company 

can determine which processes should be 

prioritized to be given the solution gradually to 

minimize the occurrence of failures in the 

production process [6]. 
 

Crisp RPN = S ∗ O ∗ D                                       (1) 
 

Where S is severity is the seriousness of the 

effects, O is occurrence is how often the cause 

appears, and D is detection is a way of detecting 

the cause of failure. 

 

      
a. Yellowing 

defect. 

b. Porous 

defect 

c. Bulging 

defect 

d. Broken 

defect 

e. Over left 

material 

f. Trimming 

 

Fig. 1.  Types of midsole product defects 

 

 
 

Fig. 2. The architecture of the linguistic fuzzy system model [20] 
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Table 1. Fuzzy severity value 
 

No Rank Impact of Severity Fuzzy Number 

1 Danger without 

warning (HWOW) 

The severity is very high without warning. (9, 10, 10) 

2 The danger with a 

warning (HWW) 

The severity is very high with warnings. (8, 9, 10) 

3 Very high (VH) Loss of primary function (means of inoperative, does not 

affect the safety of the means) 

(7, 8, 9) 

4 High (H) Decrease in primary function (means of operating but 

reducing performance levels)  

(6, 7, 8) 

5 Moderate (M) Loss of primary function (means of operation, the comfort of 

facilities not working) 

(5, 6, 7) 

6 Low (L) Decrease in secondary function (means of operating, but 

reduces comfort level performance of facility function) 

(4, 5, 6) 

7 Very low (VL) Performing or sounding, means of operating, wildly 

unsuitable, and known to almost all customers (> 75 %) 

(3, 4, 5) 

8 Small (S) Appear or sound, means of operation, goods are not suitable, 

and known to almost all customers (> 50 %) 

(2, 3, 4) 

9 Very small (VS) Appear or sound, means of operation, goods are not suitable, 

and known to almost all customers (> 25 %) 

(1, 2, 3) 

10 None  No influence (1, 1, 2) 

 

Table 2. Fuzzy occurance value 
 

Rank Criterion Fuzzy Number 

Very high (VH) Mistakes are inevitable (8, 9, 10, 10) 

High(H) Mistakes that happen repeatedly (6, 7, 8, 9) 

Moderate (M) Mistakes sometimes happen. (3, 4, 6, 7) 

Low (L) Relatively few errors (1, 2, 3, 4) 

Very Low (VL) Mistakes can't happen (1, 1, 2) 

 

Table 3. Fuzzy detection value 

 

Rank Criterion Fuzzy Number 

Almost impossible (AU) Cannot be detected/analyzed (9, 10, 10) 

Very small (VR) There is very little chance of detecting errors. (8, 9, 10) 

Small (R) Little chance of detecting errors (7, 8, 9) 

Very low (VL) Very low chance of detecting errors (6, 7, 8) 

Low (L) Low chance of detecting errors (5, 6, 7) 

Moderate (M) A chance to detect errors (4, 5, 6) 

Quite high (MH) High enough chance of detecting errors (3, 4, 5) 

High (H) High chance of detecting errors (2, 3, 4) 

Very high (VH) Very high change of detecting errors (1, 2, 3) 

Almost certainly (AC) Can detect errors (1, 1, 2) 

 

Table 4. Fuzzy risk priority number (FRPN) 
 

Category Curve type Parameters 

Very low (VL) Trapezoid (0 0 25 75) 

Very low – low (VL-L) Triangle (25 75 125) 

Low (L) Triangle (75 125 200) 

Low moderate (L-M) Triangle (125 200 300) 

Moderate (M) Triangle (200 300 400) 

Moderate-high (M-H) Triangle (300 400 500) 

High (H) Triangle (400 500 700) 

High – very high (H-VH) Triangle (500 700 900) 

Very high (VH) Trapezoid (700 900 1000 1000) 
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Fig. 3. Fuzzy risk priority number flow diagram proposed approach assessment [6] 

 

 The following will explain the linguistic 

table and fuzzy number used to evaluate these 

factors and visualize each factor's membership 

function. The table includes severity (Table 1), 

occurrence (Table 2), detection (Table 3), and 

Fuzzy RPN (Table 4).  

Analysis of the risk of defective products in 

the midsole production process in Fig. 3:  

Step 1: Identify the type of defect of the midsole 

product as well as the number of 

production and defective products. 

Step 2: investigate the potential causes of each 

mode of failure and their impact on the 

midsole manufacturing process. 

Step 3: Identify the scale and linguistic terms for 

the input factors S, O, and D. 

Step 4: Create a membership function appropriate 

for S, O, and D input factors. 

Step 5: Change the input factor values S, O, and D 

to linguistic variables represented by 

fuzzy sets with a certain degree of 

membership. 

Step 6: establish an IF-Then rule that can link the 

linguistic terms of the input factor by 

using conjunctions" and "with the 

linguistic terms of output. 
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Step 7: create a fuzzy risk priority number (FRPN) 

membership function 

Step 8: convert the aggregated fuzzy set output 

result to FRPN value by min/max 

inference method at the defuzzification 

stage  [23]. 

Step 9 : FRPN values should be sorted. 

Step 10 : group the FRPN values into categories. 

Step 11 : Add the FRPN values from the above 

categories to get the cumulative FRPN 

value. 

Step 12: Determine the total percentage of FRPN 

from each category. 

Step 13 : A Pareto chart is used to determine the 

reason of failure when the  FRPN is 

more significant than 80%. Requires 

suggested corrective action. 

The fundamental rule of fuzzy control is a 

variation on the "If-Then" or "If-Then" relation-

ship, as follows: if x is A, then y is B, where A and 

B are linguistic values defined in the range of 

variables X and Y [24]. The statement "x is A" is 

an antecedent or premise. The statement "y is B" 

is a consequent or conclusion.  

 

3. RESULTS AND DISCUSSION 

3.1. Result 

The quality of shoe midsole products at ABC 

Company dramatically impacts the performance. 

As well as the capacity and service life of the 

resulting shoes, it is possible to achieve an 

improved quality of the resulting shoe products by 

paying a novel methodology. Based on a mix of 

FMEA, Fuzzy logic methodologies, and Pareto 

diagrams to focus on the crucial causes of the 

midsole manufacturing process. Based on the 

identification data of midsole product defect types 

in Fig. 1, the percentage of total defects in the 

production process is displayed in the check sheet 

in Table 5. 

In Table 6, the types of product defects in the 

group based on the number of largest to most 

minor defects show the most dominant problems 

and those that need to be addressed immediately, 

and the calculation of the percentage of defects 

and the cumulative percentage of each type of 

defect in the Pareto chart (Fig 4). 
  

 
 

Fig. 4. Pareto chart

 

Table 5. The check sheet 
 

No Months 

Type of defect (couples) 
Total 

defects 

(couples) 

Production 

results 

(couples) 
Yellowing 

(M) 

Porous 

(K) 

Bubble 

(G) 

Broken 

(P) 

Leftover 

Materials 

(SB) 

Trimming 

(T) 

1 January 1236 580 306 250 1394.5 65 3831.5 120510 

2 February 1378 505,5 380 307 1402 83.5 4056 125760 

3 March 1221.5 450 455 274 1682 72 4154.5 134784 

4 April 1002 408 318 238 1335 55.5 3356.5 112500 

5 May 1027 339 346 218 1282 63 3275 96568 

6 June 1050.5 395 283 220 1438 70.5 3457 103500 

7 July 1101.5 350 287 228.5 1480.5 78 3525.5 108450 

8 August 1279 361 295 209 1582 70 3796 112548 

9 September 1388.5 372 327 294 1677 68 4126.5 128058 

10 October 1345 380 341 259 1757.5 72 4154.5 128526 

11 November 1143 683 301.5 259.5 1355 77 3819 126276 

12 December 1245 458 318 236 1580 68 3905 117594 

Total 14417 5281.5 3957.5 2993 17965.5 842.5 47477 1415074 
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Table 6. Assessment of FMEA 
 

Criterion Factor Kind failure Causes of failure Control S O D 

Yellowing Machine Substandard 

vacuum winds 

(40-70) 

Wind lanes on 

clogged mold 

Checking the 

winding path during 

mold cleaning 

8 7 5 

Porous Human The volume of 

over material 

Operator less 

thorough at the 

time of volume 

settings 

Provides parameter 

volume 

8 3 3 

Machine Mold machine 

damaged 

Mold is not close 

between the upper 

and lower molds.   

Damaged service 

mold 

8 6 5 

Mold Over 

Temperature 

(170°C-175°C) 

Heater mold sort Mold temperature 

warning 

notification on the 

monitor   

8 3 2 

Leftover 

Materials 

Human The mold is not 

clean 

Less conscientious 

operators 

Provide mold 

cleaning training 

8 5 3 

Material Raw materials 

mixed with dead 

materials 

CLM material is on 

fire.  

Sorting of burning 

injector material 

8 7 6 

Machine Suhu injector 

overheat (75, 78 

82, 85) 

Damage fan Injector tempera-

ture alert notifica-

tion on a monitor 

8 2 2 

 

 FMEA is a method used to identify and 

analyze potential failures and consequences that 

aim to plan the production process well and can 

avoid production process failures and unwanted 

losses [25]. FMEA assessment results in deter-

mining severity (S), occurrence (O), and detection 

(D) against the three most dominant types of 

defects [26]. FMEA is carried out during product-

ion to identify various failure modes, causes, and 

effects (Table 6). 

The inputs used in fuzzy FMEA are the 

severity (S), occurrence (O), and detection (D) 

values obtained in FMEA (Table 6). This input 

will be used in fuzzy logic processing to obtain the 

weight of the cause of nonconformity in the 

product or product defect. So that it can be used to 

determine how much influence failure can then 

determine the priority of improvements that affect 

the failure of the product. Fuzzy logic methods are 

used to implement the following input factors: 

occurrence (O), severity (S), and detection (D), 

and these factors are then associated with an 

FRPN (Table 7).  

The input variable membership will be 

generated based on fuzzy inputs obtained from 

FMEA. Each input variable has parameters that 

point to categories and curve types. The main 

variables in fuzzy RPN are severity, occurrence, 

and detection, which determine the severity rating 

value in potential failure mode. The rating is 

determined on a scale of 1 to 10, where scale 1 

states the lowest impact and scale ten impacts the 

highest  [27]. The determination of the scale must 

be adjusted between the potential failure mode and 

the literature study. The fuzzy number for severity 

input variables. Membership function from error 

(severity) based in Table 1 and entered in software 

(Fig 5). 
 

Fuzzy set domain 

Hazardous without warning (x)  

= {

 0  →       𝑥 ≤ 9
(𝑥−9)

(10−9)
   →     9 < 𝑥 ≤ 10

1   →    𝑥 ≥ 10

}                    

 
 

Fig. 5. Membership function of error (severity) 
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Occurrence determines the rating value 

corresponding to the estimated number of 

frequencies or the cumulative number of failures 

that occur due to a specific cause. The fuzzy 

number for the occurrence variable. Membership 

due to error (occurrence) based in Table 2 and 

entered in the software (Fig. 6). 
 

Fuzzy set domain 

Very high (x) = {

  0 →      𝑥 ≤ 8
(𝑥−8)

(9−8)
 →  3 < 𝑥 ≤ 4

1  →   𝑥 ≥ 10 

}            

 

 
 

Fig. 6. Membership function of the occurrence 

 

Detection is determining a process control 

that will specifically detect the root cause of the 

failure. Detection is a measurement to control 

failures that can occur. The membership function 

of the detection control is entered into the software 

(Fig 7). 
 

Moderate low (x) = 

 

{
 

 
       0     →  𝑥 ≤ 1 𝑜𝑟  𝑥 ≥ 3
(𝑥−1)

(2−1)
   →              1 < 𝑥 ≤ 2

(3−𝑥)

(3−2)
  →            2 < 𝑥 < 3 }

 

 

                          (4) 

 

 
 

Fig. 7. Membership function of the detection 

control 
 

Membership of fuzzy set output values 

based on severity, occurrence, and detection with 

a range of values between 1 - 10. The output has a 

range of values 1 – 100. Each of these value 

parameters has different categories and curve 

types. The membership function of the RPN 

output entered in the software (Fig 8). 
 

Very Low (x) =  

{

 0     →           𝑥 ≥ 75
(75−𝑥)

(75−25)
   →       25 < 𝑥 < 75

1        →    0 ≤ 𝑥 ≤ 25

}                        

 

Very Low – Low (x) = 

 

{
 

 
    0       →     𝑥 ≤ 25 𝑜𝑟 𝑥 ≥ 125

(𝑥−25)

(75−25)
   →         25 < 𝑥 ≤ 75             

(125−𝑥)

(125−75)
  →          75 <  𝑥 < 125          }

 

 

                   

 

Low = 

 

{
 

 
       0     →  𝑥 ≤ 75 𝑜𝑟 𝑥 ≥ 200
(𝑥−75)

(125−75)
→              75 < 𝑥 ≤ 125 

(200−𝑥)

(200−125)
  →            125 < 𝑥 < 200 }

 

 

                    

 

Low – Moderate = 

 

{
 

 
       0     →  𝑥 ≤ 125 𝑜𝑟 𝑥 ≥ 300
(𝑥−125)

(200−125)
   →              125 < 𝑥 ≤ 200

(300−𝑥)

(300−200)
  →              200 < 𝑥 < 200 }

 

 

              

 

Moderate (x) = 

 

{
 

 
       0     →   𝑥 ≤ 200 𝑜𝑟 𝑥 ≥ 400
(𝑥−200)

(300−200)
   →            200 < 𝑥 ≤ 300

(400−𝑥)

(400−300)
   →              300 < 𝑥 < 400}

 

 
                

 

Moderate-High =  

{
 

 
       0     →   𝑥 ≤ 300 𝑜𝑟 𝑥 ≥ 500

(𝑥−400)

(400−300)
   →                    300 < 𝑥 ≤ 400

(500−𝑥)

(500−400)
   →                  300 < 𝑥 < 400 }

 

 

           

 

High (x) =  

{
 

 
       0       →   𝑥 ≤ 400 𝑜𝑟 𝑥 ≥ 700
(𝑥−400)

(500−400)
   →            400 < 𝑥 ≤ 500

(700−𝑥)

(700−500)
   →             500 < 𝑥 < 700}

 

 
                   

 

High – Very High (x) = 

 

{
 

 
       0       →   𝑥 ≤ 500 𝑜𝑟 𝑥 ≥ 900

(𝑥−500)

(700−500)
   →                   500 < 𝑥 ≤ 700

(900−𝑥)

(900−700)
   →                   700 < 𝑥 < 900}

 

 

   

 

Very High (x) =  

{

 0  →       𝑥 ≤ 700
(𝑥−700)

900−700
 →  700 < 𝑥 ≤ 900

1  →    𝑥 ≥ 900

}                                 
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Fig. 8.   FRPN output 
 

Rules formed from 3 input variables consist 

of severity in 10 categories, occurrence in five 

categories, and detection in ten categories, so a 

total of 500 rules are obtained. The number of 

rules is determined based on "The number of 

linguistic severity * the number of linguistic oc-

currences * Number of linguistics without detect-

ion" [6]. In this study, 500 rules were derived from 

3 input factors O, S, and D, with the number of 

each member. These rules can be expressed in IF-

THEN format, for example: 

Rule 1: If the event is "low", there is no detection 

that is "low", and the severity is "low", 

then the risk of failure is "low" 

Rule 63: If the Event is "medium", there is no 

detection that is "low", and the severity 

is "very high", then the risk of failure is 

low medium", and so on; 500 rules are 

created through the rule editor (Fig. 9). 

Weighting depends on fuzzy and RPN 

output categories. In one category, fuzzy output, 

there are two groups for loading each to half. 

Weighting value as many as five hundred (500) 

rules After fuzzy rules are formed can see the form 

of various input value opportunities from all three 

input variables (severity, occurrence, and detect-

ion) in the view surface (Fig 10). The variation 

impact of the two input components on the output 

FRPN is represented. Defuzzification aims to 

confirm the rating of fuzzy RPN results. The 

unequivocal rating for FRPN used to improve 

existing failures in the Phylon Injection 

department (Table 8).  
 

 
 

Fig. 9.  Fuzzy rules 
 

 
 

Fig. 10. Surface viewer 

 

3.2. Discussion 

Based on the outcomes of the fuzzy FMEA 

calculations, of the six failure modes formed three 

highest FRPN values cause failure or nonconfor-

mity in the product (Table 7). Fuzzy RPN does not 

consider conventional FMEA alone but rather the 

weight of value obtained from the defuzzification 

method using the centroid technique so that it is 

obtained more flexibly. The three highest FRPN 

values that cause failure are mold damage, sub-

standard vacuum winds, and mixed raw materials. 

The improvement proposal is obtained from 

brainstorming and discussions with experts and 

supervisors responsible for the midsole production 

process to produce improvement proposals (Table 

8).  

 

Table 7. Defuzzification 
 

Criterion Type of defect S O D FRPN Rank 

Yellowing Substandard vacuum winds (40-70) 8 7 5 400 2 

Porous Excessive volume of material 8 3 3 75 5 

Mold machine damaged 8 6 5 500 1 

Mold temperature is excessive (170°C-175°C) 8 3 2 24.5 6 

Leftover materials Mold is not clean 8 5 3 133 4 

Raw materials mixed with dead materials 8 7 6 400 2 

Over injector temperatures (75, 78 82, 85) 8 2 2 24.5 6 
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Table 8. Proposed improvements 
 

Failures Factor 
Kind of 

failure 

Causes of 

failure 
FRPN Proposed improvements 

Yellowing Machine Substandard 

vacuum 

winds (40-

70) 

Wind lanes 

on clogged 

mold 

400 1. Every start of shift change 

checks the value of each 

station. 

2. Provides minimum and 

maximum standard markers 

on the vacuum wind indicator 

to make it easy to know 

vacuum pressure 

Porous Machine Mold 

machine 

damaged 

The surface 

of the mold 

is not tight 

between the 

upper and 

lower molds   

500 1. Provide training on how to 

change the correct mold.  

1. Any mold changes, make sure 

the surface of the upper and 

lower molds is no other object. 

Leftover 

Materials 

Material Raw 

materials 

mixed with 

dead 

materials 

CLM 

material 

(Close Loop 

material) is 

burning 

400 1. Provide training on which 

types of materials can be 

recycled and cannot be 

recycled. 

2. It provides a place to grow 

between materials that can be 

recycled and cannot be 

recycled. 

In research with fuzzy RPN method in ABC 

Company effectively applied to control the 

number of product defects, ease of application to 

reduce and improve traditional FMEA methods 

previously applied and at the defuzzification stage 

obtained consistency values for fuzzy risk priority 

number calculations. 

Using three criteria (severity, occurrence, and 

detection) as input variables is more specifically 

related to the risk priority number factor as an 

output variable [8].  Assessment points are given 

based on discussion group forums (FGD), and 

questionnaires with experts in the field of risk 

analysis of each criterion are expected to be more 

objective and reduce the value of assessment 

subjectivity [28]. The output variable is the fuzzy 

risk priority number based on the concept in the 

Pareto diagram that most types of product defects 

80% are considered to represent 20% of other 

types of product defects that they are related to 

FRPN values. It is yellowing, porous and leftover 

materials defects. Porous becomes the focus of 

repair proposals by analyzing damage factors and 

proposed causes and repairs  [29], [30].  

 

4. CONCLUSION 

There are several causes of midsole product 

defects. They are wind lines in clogged mold. The 

operators are not careful at the time of volume 

arrangement. Mold surfaces are not tight between 

the upper and lower molds. The heater mold sorts, 

CLM materials are burned, and there is damage to 

fans with the risk of product failure. The porous 

defect type of mold failure was damaged with 

FRPN value of 500. Yellowing of the type of 

vacuum wind failure is less than standard (40-70) 

with a value of FRPN 400 and the rest of the 

material with the type of raw materials failure 

mixed with unused materials with an FRPN value 

of 400.  

The proposed improvement is given to reduce 

the percentage of defective products. Checking the 

vacuum wind at each shift change at each station 

and training employees in handling mold, provi-

ding markers to the vacuum wind indicator so that 

the vacuum pressure can be seen. The study was 

completed by creating a Pareto chart that focused 

on the important causes and suggested corrective 

action. The results demonstrate utilizing a fuzzy 
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risk priority number. The suggested technique 

may efficiently identify flaws in the midsole shoe 

production process at ABC Company (FRPN) 
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