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I. Introduction 

The effectiveness of the production machine is an important factor in the success of the 
production. The effectiveness of this machine configures its ability to utilize the production time in 
producing products that match their quality and quantity. 

In maintaining the effectiveness of the production machine, the company must carry out planned 
machine maintenance. This activity must be conducted for all machines so that they can work 
optimally in production activities. Companies engaged in processed food are inseparable from the 
use of production machines that work continuously as most of them utilize the product layout type. 

The nugget processed food company is an example that applies the product layout production 
type to conduct its production activities. This production type has a characteristic in which the 
production process runs continuously. This continuous production process requires optimal 
production machine condition because if one machine breaks down, the entire production line will 
stop operating. 

Production machines can running optimally need periodical evaluation of their condition; one of 
which is by looking at their effectiveness. The existing instrument to measure the effectiveness of 
production machines is the Overall Equipment Effectiveness (OEE) value. OEE is a measuring tool 
that can be used to evaluate the achievement of production target time in producing quality products 
following the planned operating time of the company [1]. This OEE value can configure the 
effectiveness of production machines based on the value of the capacity of the machines to use the 
time to operate (Availability), to use the time for production (Performance), and to produce products 
that comply with quality standards (Quality Yield). These three variables are the determining factors 
in calculating the effectiveness of production machines. 
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The weakness of OEE calculation is that it only examines the machine condition in producing 
products and excludes other influential factors; e.g. the company's capacity to provide resources for 
production. Fuzzy logic can be used in determining the effectiveness of machines because it can 
build a model based on variables affecting their effectiveness so that the calculation results are 
accurate as there are linguistic variables in this model [2]. 

Several factors affect machine productivity in achieving production targets, including the ability 
of operators, raw materials, the ability of machines to operate, and production scheduling [3]. OEE 
is a tool that can be used to evaluate the performance of a machine based on the availability of 
machine operating time (Availability), machine performance to utilize the time for production 
(Performance), and quality of products produced (Quality Yield) [4].  

Based on the best experience in the company, the best value of availability > 90%, performance 
> 95%, rate of quality product > 99% and OEE > 85% [5]. Based on The issue of OEE calculation in 
this company is that the company considers that OEE's adequate standard value, which according to 
Seiichi Nakajima is 85 %, cannot be achieved as it is exceptionally high. The company currently has 
OEE value standards based on the profits which it has earned. In this company, the OEE value 
above 60% is already highly profitable so that this condition is considered to be adequate. The 
company cannot reach the OEE value of 85% because it is limited by current market availability and 
raw materials. 

OEE calculation needs to be performed by looking at the effects of all parameters following the 
company’s condition so that the OEE value of 85% does not become an absolute provision in 
determining the effectiveness value of a good production machine. OEE value is affected by 
Availability, Performance, and Quality Yield. Downtime is a major causative factor in the machine 
operation for production causing the actual capacity of the machine matches with the resulting 
production targets [6] 

Downtime is divided into 2 types namely planned downtime and unplanned downtime. Planned 
downtime is set up / adjustment and unplanned downtime is the condition of the machine off out of 
maintenance schedule [7]. Set up/adjustment is planned downtime in line with the maintenance 
schedule and can be managed by the company. When the production target is not achieved, it is 
caused by unnatural downtime as the machine breaks down outside the planned maintenance 
schedule. Hence, the company may suffer from losses because the machine availability decreases 
and the production target cannot be achieved [8]. The effectiveness of the production machine can 
be seen from the machine performance. The decrease in machine performance can be caused by its 
speed loss causing the production target not to be achieved [9]. One factor affecting the machine 
OEE value is the number of defective products produced since the machine is not working properly 
[10]. 

Fuzzy value determination is done by combining real data and opinions from experts so that they 
can describe the actual conditions [11]. All influential variables in the calculation process can be 
included in the fuzzy mathematical model and can be defined as fuzzy numbers so that the model 
issued is following the conditions of the variables that influence it. In production planning, a 
parameter that can be measured by a fuzzy approach is production machine capacity [12]. 

Fuzzy logic can be used to solve complex production problems where several variables influence 
them; therefore, decision making becomes more accurate [13]. Overall Equipment Effectiveness 
describes the machine's ability to produce quality products by utilizing available machine operating 
time [14]. Data used in determining OEE values are downtime, machine operating time, effective 
time, actual production and product reject [15]. CBM development strategies in the form of Fuzzy 
Early Warning System (FEWS) is combine fuzzy logic with OEE values to help decision making 
where the membership set used is the Trapezoidal membership function [16] 

Based on the above problems, the Fuzzy OEE calculation is carried out to determine the effective 
value of the Superflex machine as a critical machine in the nugget production process because the 
effectiveness of this machine can determine the success of nugget production. 
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II. Reseach Method 

This study aimed to determine the effective value of the Superflex machine in producing nuggets by 
using Fuzzy approach or called as Fuzzy OEE. The fuzzy approach in determining the OEE value of the 
Superflex production machine considers the company's ability in the forms of good and bad parameter 
values. 

The fuzzy membership association uses the Trapezoidal type because the Availability, Performance 
and Quality Yield variables already have standards according to Seiichi Nakajima. Based on these 
standards, the membership association for all variables uses the trapezoidal type as the peak point of 
membership degree of all variables has more than one value in each parameter. Based on this condition, 
the research method can be determined as follows. 

Availability 

Availability is the machine capacity to operate or run affected by downtime [17], and it is a 
condition of the machine in utilizing time to operate. The formulation of Availability is as follows: 

 

Performance 

Performance is the machine capacity to utilize time for production. Production machine 
performance is greatly influenced by downtime such as idling and speed lose which can reduce engine 
performance [18]. 

Performance value is affected by the production level produced and the effective time achieved by 
the machine for production [17]. The formulation of Performance is as follows. 

 

Quality Yield 

Quality Yield is the machine capacity to produce products that are not defective or following the 
quality of the company [17]. The formulation of Quality Yield Value is as follows. 

 

Fuzzy Membership Function  

Determination of the Fuzzy Membership Function Model can use the Trapezoid Membership 
Function of Membership Association [19]. This Function can be used if there are several degrees of 
membership value of 1 in each parameter. The Trapezoidal fuzzy number of membership Function is in 
values of R and a, b1, b2, c, x ∈ R, (a b b1, b2 b c), and then the membership function μF: R → [0, 1] 
used is: 

 

The Trapezoidal membership association is used to determine the OEE value based on the 
membership degree of Superflex machine's Availability, Performance and Quality Yield parameters. 

 

 Fuzzy Relations 

The degree of Fuzzy membership is the y-axis in the Cartesian diagram with a characteristic value of 
[0, 1]. The value of each variable is the x-axis in which the fuzzy relationship U = {x} to V = {y} in the 
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Cartesian diagram is U × V. The differences in the characteristics of the function graph (x, y) of 
Trapezoidal membership are as follows: [19] 

 

 

Fig. 1.        Trapezoidal fuzzy number. 

The logical thinking system is used in developing the Fuzzy Membership Model by using linguistic 
variables [20]. Determination of OEE values using the Fuzzy approach adopts IF Then Else principle to 
see the possible parameters chosen for Defuzzification. There are several uses of the Fuzzy Rule Based 
System including [21]: Being able to determine the number of fuzzy rules that might occur in each 
variable by using the If Then Else principle.  The parameter value obtained in each Membership 
Association will be changed to the value of membership degree for further defuzzification process. The 
logical rule simulation is performed on the Fuzzy logic concept in decision making. If the selected 
operator in Fuzzy Rule Based is "And",  the operator is in the minimum value (min); and if the selected 
operator is "Or", the operator is in the maximum value (max) [22]. Defuzzification is a tool which is 
used to determine fuzzy values based on the area and moment formed from the Membership 
Association. The Center of Area (COA) method can be used in determining defuzzification value. COA 
value is a membership association occurred based on the area obtained from the decision making unit 
process. The result of defuzzification is OEE value of the Superflex machine. The formulation of COA 
method to determine OEE is as follows:[23]. 

 

 

III. Results And Discussions 

Determination of the Superflex machine OEE value was determined based on the Availability, 
Performance, and Quality Yield values. The results of the three variables were defuzzificated to obtain 
the OEE value of the Superflex machine. The parameters obtained configured the conditions of the 
nugget company. Determination of parameter values was carried out by conducting interviews and 
direct observations related to the nugget production in the Company. The company has conducted an 
OEE assessment using the Seiichi Nakajima method, but the limit of both parameter values is very high 
and cannot be achieved by the company because it is related to the availability of raw materials for 
chicken meat. Besides the company has more than one value for each OEE variable parameter. 
Comparison of OEE calculation variables with company variable conditions are as follows:

Table 1.  Comparison of OEE Calculation Variable 

Variable 
Seiichi Nakajima's  Standard Actual Condition of the Company 

Value Parameter Value Parameter 

1. Availability 
> 90 % Good 0 % - 70 % Low 

≤ 90 % Bad 70 % - 100 % Good 

2. Performance 
> 95 % Good 0 % - 70 % Low 

≤ 95 % Bad 70 % - 100 % Good 

3. Quality Yield 
>  99% Good 0 % - 70 % Low 

≤ 99 % Bad 70 % - 100 % Good 
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Variable 
Seiichi Nakajima's  Standard Actual Condition of the Company 

Value Parameter Value Parameter 

4. OEE 
> 85 % Good 0 % - 60 % Low 

≤ 85 % Bad 60 % - 100 % Good 

Based on the company's actual condition, the availability, performance and quality yield variables 
have more than one parameter value. This condition can show that the determination of OEE values 
based on the three variables above has a gray area for each parameter so that it can use a fuzzy logic 
approach to calculate OEE values. 

All of these variables were included in the fuzzy set model as variables that affected the Fuzzy OEE 
model development. The data used for calculation included ideal production, actual production, 
machine operating time, planned downtime (set up adjustment), unplanned downtime and total 
defective products. The data used included the Superflex machine productions for one year, in 2018. 
The data used in the calculation process of Availability, Performance, and Quality Yield of Superflex 
machine are as follows: 

 

Table 2.  Calculation Data of Superflex Machine OEE in 2018 

Based on the data, the values of Availability, Performance and Quality Yield were determined. The 
three variables affected the process of determining the OEE values and can be explained as follows. 
Determination of Availability value is affected by several factors including Machine Operation Time, 
Planned Downtime, and Unplanned Downtime. The data used included the Superflex machine activities 
for one year of 2018. The calculation data of Superflex machine availability are as follows. 

Table 3.  Results of Superflex Machine Availability 

Month Operational Load Time (Hour) 
Effective Time 

(Hour) 
Performance 

January 574.65 566.99 98.67% 

February 483.09 471.75 97.65% 

March 341.26 328.93 96.39% 

April 365.67 359.75 98.38% 

May 543.48 532.32 97.95% 

June 341.90 333.48 97.54% 

July 430.62 409.95 95.20% 

August 538.09 516.34 95.96% 

September 165.75 159.83 96.43% 

October 371.42 368.92 99.33% 

November 258.50 252.83 97.81% 

December 258.70 255.86 98.90% 
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Based on the calculation results of Superflex machine, the availability value of 2018 was 97.52%. 
This value shows that the utilization of Superflex machine operating time was only 97.52% of the 
machine operating time provided by the company. This value shows a good indicator because according 
to Seiichi Nakajima, the standard of good Availability value is above 90%. This condition is caused by 
the company’s well-scheduled maintenance, so that unplanned downtime can be managed well. Up to 
now, the company has had no problems in the machine availability value as the machines can operate in 
accordance with the expected operating time targets. The calculation of machine performance needs to 
be carried out to examine whether the machine is running in production condition or not. 

Determination of the Superflex machine performance value is affected by the number of ideal 
production, actual production, and effective time of the production machines. The data used included 
the Superflex machine activities for one year of 2018. Based on the Superflex machine activity data, the 
calculation results obtained in 2018 are as follows. 

Table 4.  Results of Superflex Machine Performance  

Month 
Ideal Cycle Time 

(Jam/Kg) 
Actual Cycle Time  

(Jam/Kg) 
Performance 

January 0.0025 0.0125 20.02% 

February 0.0025 0.0073 34.34% 

March 0.0025 0.0051 48.55% 

April 0.0025 0.0050 49.51% 

May 0.0025 0.0051 48.78% 

June 0.0025 0.0052 48.22% 

July 0.0025 0.0039 64.61% 

August 0.0025 0.0052 48.34% 

September 0.0025 0.0029 86.50% 

October 0.0025 0.0080 31.25% 

November 0.0025 0.0030 82.04% 

December 0.0025 0.0027 92.96% 

 

Bassed on the results of the Superflex machine calculation, the value of machine performance in 
2018 was 54.59% showing that the use of time for production was only 54.59% of the effective time of 
production machine. This value shows that the Superflex machine Performance is in bad condition 
because according to Seiichi Nakajima, the good Performance value should be above 95%. Poor 
machine performance is due to production quantities that are far below the company's ideal production 
conditions as the number of product demands does not match the production targets. Quality Yield is a 
calculation parameter used to examine the ability of Superflex machine to produce products in 
appropriate quality. The data used in the calculation of Quality Yield are the the actual amount of 
production and the number of defect products for one year of 2018 

Table 5.  Calculation Data of Quality Yield 

Month Actual Production (Kg) Defective Product (Kg) 

January 45402.30 0 

February 64806.70 0 

March 63877.30 0 

April 71239.77 0 

May 103864.00 0 

June 64326.10 0 

July 105946.50 0 

August 99831.38 0 

September 55304.31 0 
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Month Actual Production (Kg) Defective Product (Kg) 

October 46121.25 0 

November 82969.66 0 

December 95135.50 0 

 

Based on the production results of the Superflex machine, it is found that there was no defective 
product in 2018. This condition shows that the Quality Yield value of this machine was 100%. This 
condition can be achieved by the company for the past one year because the company has implemented 
a production system integrated with a good machine maintenance process. 

Fuzzy set model in determining the OEE value needs to be conducted by this company because each 
variable affecting OEE has a parameter value that must be adjusted to the company’s condition. The 
standard used in determining the Availability, Performance and Quality Yield values is still Seiichi 
Nakajima’s standard in which it uses a fixed set of principles. The calculation of OEE values using the 
Fuzzy approach is that each variable (availability, performance, and quality yield) is given parameters 
that configure the company's capacity. 

The real condition that occurs in the company is that the company has obtained profits when the 
OEE value reaches 60%; therefore, according to the company, the parameter in this value is included in 
the good category. However, referring to Seiichi Nakajima's standards, this value is considered low as it 
is below 85%. Based on these conditions, the calculation of OEE Superflex machine uses the 
Trapezoidal Membership Association for the Availability, Performance and Quality Yield variables. 

The Superflex machine Availability value of membership association was determined using 
Trapezoidal Membership Association. This Membership Association had 2 parameters: High and Low. 
Both variables configured the company's actual conditions in achieving Availability. The Superflex 
machine availability parameters can be seen in the following table. 

Table 6.    Availability Parameter 

Parameter Parameter Value (%) 

High 70  90  100  100 

Low 0  0  50  70 

 

Based on the parameter value of the Superflex Machine Availability Membership Association, the 
membership association is µx (a, b1, b2, c) for each parameter held. The model of Superflex machine 
membership association based on the above parameters is as follows: 

Fx(a,b1,b2,c)

x ≤ 0

1

70 % - x

20 %

0

0 ≤ x ≤ 50%

50 % ≤ x ≤ 70 %

X – 70 %

20 %
70 % ≤ x ≤ 90 %

1 90 %  ≤ x ≤ 100 %

 

Based on the parameters owned, the graph of Membership Association can be configured based on 
the Availability Superflex machine value of 0.972 (97.2%). The graph of membership association for 
the Superflex machine availability is as follows: 
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Fig. 2. Graph of Availability Membership Association  

Based on the membership association graph, it can be seen that the Availability value of 0.972 
(97.2%) is in the highest parameter. Based on this parameter, the value of membership degree for the 
Superflex machine Availability is 1. 

The Superflex Machine Performance variable of Membership Association was determined using the 
Trapezoidal Membership Association. This membership association had 2 parameters: High and Low. 
Both parameters configured the company's actual conditions towards achieving machine performance. 
The Superflex machine performance parameters can be seen in the following table 

Table 7.  Performance Parameter 

Parameter Parameter Value (%) 

High 70  95  100  100 
Low 0  0  40  70 

 

The value parameter of Superflex Machine Performance Membership Association was µx (a, b1, b2, c) 

for each parameter held. The model of Superflex Machine Performance Membership Association based 
on the parameters is as follows. 

Fx(a,b1,b2,c)

x ≤ 0

1

0,7 - x

0,3

0

0 ≤ x ≤ 0,4

0,4 ≤ x ≤ 0,7

X – 0,7

0,25
0,7 ≤ x ≤ 0,95

1 0,95  ≤ x ≤ 1

 

Based on the parameters owned, the graph of Membership Association can be configured based on 
the Superflex machine Performance value of 0.546 (54.6%). The graph of Superflex Machine 
Performance Membership Association based on the machine’s Performance value is as follows 

 

Fig. 3. Graph of Performance Membership Association 

Based on the graph of Machine Performance Membership Association, the value of Performance 
membership degree0.546 (54.6%) was 0.536 with the calculation as follows: 

0,546 = 0,7 – x 

                3 

        x = 0,536 
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Membership association of Superflex machine Quality Yield value was determined using the 
Trapezoidal Membership Association. This membership association had 2 parameters: High and Low. 
Both variables configured the company's actual condition in achieving the quality of the product 
produced. The Superflex machine Yield Quality parameters can be seen in the following table: 

Table 8.  Quality Yield Parameter 

Parameter Parameter Value (%) 

High 90  99  100  100 

Low 0  0  70  90 

The parameter value of the Superflex machine Quality Yield Membership Association was µx (a, b1, b2, 

c) for each parameter held. The model of Superflex machine Quality Yield Membership Association 
based on the above parameters is as follows: 

Fx(a,b1,b2,c)

x ≤ 0

1

0,9 - x

0,2

0

0 ≤ x ≤ 0,7

0,7 ≤ x ≤ 0,9

X – 0,9

0,09
0,9 ≤ x ≤ 0,99

1 0,99  ≤ x ≤ 1

  
  

Based on the parameters, the graph of Membership Association can be configured based on the 
Superflex machine Quality Yield value of 1 (100%). The graph of Superflex machine Quality Yield 
Membership Association based on the Superflex machine Quality Yield value is as follows. 

 

Fig. 4. Graph of Quality Yield Membership Association 

Based on the Membership Association Graph, the Quality Yield Value of 1 was found in High 
parameter and had a membership degree value of 1. Membership association of Superflex machine 
OEE value was determined using the Trapezoidal membership association. This membership 
association had 2 parameters: i.e. High and Low. Both variables configured the company's actual 
condition towards the OEE achievement. The OEE parameters of the Superflex machine can be seen in 
the following Table. 

Table 9.  OEE Parameters 

Parameter Parameter Value (%) 

High 60  85  100  100 

Low 0  0  30  60 

 

The parameter value of the Superflex machine OEE Membership Association is             µx (a, b1, b2, c) 

for each parameter held. The model of Superflex machine OEE Membership Association based on the 
above parameters is as follows: 
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Fx(a,b1,b2,c)

x ≤ 00

0 ≤ x ≤ 0,6

X – 0,6

0,25
0,6 ≤ x ≤ 0,85

0,6 – x

0,3

1 0,85 ≤ x ≤ 1

1 0 ≤ x ≤ 0,3

 

This OEE Membership Association will be used to determine the effectiveness value of the 
Superflex production machine using the Fuzzy Logic approach. The next step was to determine the 
possibilities that will occur in each parameter. This process used the Fuzzy Rule Base System. Fuzzy 
Rule Base System in Fuzzy approach functions to examine the possibilities that might occur from each 
parameter. The principle in Fuzzy Rule Base is to use IF Than Else principle. In determining the OEE 
value of Superflex machine, the Availability, Performance, and Quality Yield variables had 2 
parameters: "High" and "Low". Based on these two parameters, 16 possible parameters that might occur 
were obtained. Possibilities for each parameter can be seen in the following Figure: 

High

Low

High

Low

High

Low

Availability Performance Quality Yied

High

Low

OEE

Fig. 5. Fuzzy Rule Based OEE 

Decission Making Unit digunakan untuk Decision Making Unit is used to determine the value of 
selected Fuzzy Rule Based using operators in accordance with the conditions in determining the OEE 
Superflex Machine value. The operator used in the Decision Making Unit is "And" in which the 
selected value from the combination of IF Then Else is "Min". 

Based on the determination of Membership Association, the Superflex machine parameters obtained 
include high availability, low performance, and high quality yield. Based on these conditions, the 
Decision Making Unit obtained is as follows: 

 

α  = Min (µTinggi [1] ∩ µRendah [0,536] ∩ µ_Tinggi [1])                                               

    = Min (1; 0,536; 1) 

    α = 0,536  

 

Based on the value of the Decision Making Unit, the area and moment of OEE value can be 
determined. OEE Membership Association Graph with a value of α = 0.536 can be seen in the 
following Figure: 

 

 

Fig. 6. Graph of OEE Membership Association 
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Based on the Membership Association Graph, the OEE Membership Association obtained based on  
α = 0.536 is as follows: 

 

Fx(a,b1,b2,c)

x ≤ 00

0,44 ≤ x ≤ 0,6

X – 0,6

0,25
0,6 ≤ x ≤ 0,734

0,6 – x

0,3

0,536 0,734 ≤ x ≤ 1

0,536 0 ≤ x ≤ 0,44

 
 
Defuzzification process consists of 3 parts: the determinations of Areas, Moments, and calculation 

using the Center of Area (COA). Based on the OEE Membership Association, there are 4 regions that 
must be calculated before the defuzzification process is carried out. The followings are the Areas of the 
OEE Membership Association: 

LD 1 = (0,44 - 0) x 0,536 = 0,235 

LD 2 = 
(0,6 – 0,44) x 0,536 

= 0,043 
2 

LD 3 = 
(0,734 – 0,6) 

= 0,036 
2 

LD 4 = (1-0,734) x 0,5 = 0,14 

 

Based on the results of area determination of the Superflex OEE Membership Association, the total 
OEE Area was 0.457. Subsequently, the process of determining moments of each area occurred in OEE 
Membership Association was conducted Determination of Moments is based on the Areas of the 
Superflex Machine Membership Association. The moments obtained from the Graph of Superflex 
machine OEE Membership Association are as follows. 

Moment 1 =  = 0.053 

 

Moment 2 =  = 0.21 

 

Moment 3 = = 0.022 

 

Moment 4 =  

Based on the determination of Moments, the total Moments occurred in Superflex Machine OEE 
Membership Association can be revealed. The total moments obtained were 0.218. This model was 
developed using Matlab software R2015a series. This model can be used as a tool for companies to 
evaluate the effectiveness value of Superflex machine so that the company can conduct continuous 
improvement activities on the machine. The Fuzzy model of OEE Superflex machine developed in 
Matlab software R2015a series can be seen in the following figure: 
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Fig. 7. Fuzzy Model of OEE Superflex Machine 

The OEE value determination of Superflex machine used Fuzzy approach in which the 
defuzzification method used was Center of Area (COA). Based on this method, the OEE value 
obtained from the Superflex machine using the Fuzzy approach was 0.477 (47.7%). The OEE value 
determination model through the Fuzzy approach can be used by companies to evaluate the 
effectiveness of the machine as this method is based on the actual condition of the company's 
capacities. 

IV. Conclusion 

Determination of OEE values using the Fuzzy approach was conducted by looking at the 

condition of the company's capacities. This condition affects the determination of parameters of 

Availability, Performance and Quality Yield values of the Superflex machine. OEE values can be 

used as a monitoring and evaluation tool for the effectiveness of the Superflex machine. The results 

of the OEE value using the Fuzzy approach showed a value of 47.7% (0.477). This condition shows 

that the effectiveness of the machine is still poor; therefore, the company must make improvements, 

especially on the Superflex machine performance. 
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