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Abstract: In this research, a hybrid approach based on fuzzy logic and artificial neural
network is presented to predict the failure of machines in order to increase productivity.
The subject of this research is one of the factories of the automobile industry named
Diaco Ide Aria, which operates in the field of automobile parts production. Preventive
maintenance requires correct prediction of breakdowns and accidents, equipment and
machines so that productivity can be increased by timely and correct maintenance of
machines as well as fixing defects and breakdowns. To model the multi-layer perceptron
fuzzy-neural network (MLP), first, 100 failures and stops were collected in a period of
15 months and then entered into MATLAB software. The obtained results show that the
implementation of fuzzy-neural network and the prediction of machine failure time has
reduced the duration and cost of repairs. Therefore, the working time and accessibility of
the machines increased and ultimately increased the productivity by 57%, also, the
accuracy of the developed neural-fuzzy model was estimated at 94%.

Keywords: productivity, prediction, neural network, fuzzy logic.
1. Introduction

In recent years, fuzzy logic and neural networks have been successfully used in pattern
recognition and fault diagnosis problems. Multi-layer neural network and fuzzy-neural adaptive
inference system due to reducing the probability of human error in sensitive decisions, powerful
estimation of non-linear functions in the presence of uncertainty, the ability to learn adaptively
and also the use of expert knowledge in obtaining the relationship between input and output, in
diagnosing the defects of industrial machines are expanding.

Nap et al.[1] studied the application of a multi-layer feed forward network based on the machine
condition detection method, and presented certain fuzzy relationships between failure signs and
their reasons with many nonlinear relationships between the inputs and outputs of the network.
Lee et al [2] have also investigated the application of fault back propagation neural network in
the diagnosis of CNC machine failure using oscillatory data. A research was done by Wing et
al.[3] in the field of fault finding of rotating machines with the help of neural network. In this
article, four defects of imbalance, misalignment, bearing damage and oil whipping have been
created separately on the testing machine. The neural network used in this research was a three-
layer type. The number of neurons in input, middle and output layers was equal to 20, 30 and 40
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respectively. The fault finding process was repeated with three methods, different coefficients,
and it was found that the method of different coefficients is better than the other two types. In
the study conducted by Ziv and Gola [4], the fuzzy-neural method was used in fault finding of
industrial machines.

Today, the use of backup systems in manufacturing industries has a special place. The use of
this system in diagnosing and predicting the failure of industrial machines can be of great help
to manufacturers, employers, workers, etc.

As can be seen from previous studies, neural or fuzzy-neural method has been used to predict
failure in various articles. According to the investigations, it was found that in none of the
previous researches, the effect of predicting the failure of industrial machines on increasing
productivity has not been investigated. Therefore, this article is based on the combined method
of neural network and fuzzy inference system to predict the failure of machines in order to
increase productivity.

In this research, in addition to predicting the failure of industrial machines, its effect on
increasing productivity has also been discussed. Analyzing the data obtained from the repair
forms and the functional certificates of the equipment and devices shows that the increase in the
productivity of the factory is dependent on the decrease in the amount of predictable breakdowns
of the equipment.

2. Research method

The statistical population in this research includes the breakdown and stoppage data of 22
industrial machines in the auto parts factory (Diaco Idea Aria) out of 56 industrial machines with
100 breakdowns during 15 months and 20 types of manufactured products.

Productivity: due to the fact that one of the factors influencing the amount of production is the
cost of production. One of the ways to increase production is to reduce production costs. In fact,
the goal is to have the highest amount of production compared to the cost spent. The amount of
output and profit of the organization compared to costs is productivity. That is, if an organization
can reduce its organizational costs by keeping the quality constant, it can say that it has created
productivity. In Table 1, the productivity rate and productivity growth in a period of 3 months
are calculated and shown as examples.

Table 1: Calculation of productivity and productivity growth

growth roductivit of time period row
productivity p Y (months)

59% 19.0633 First month 1
13% 47.6233 second month 2
-10% 54,7142 The third month 3

Fuzzy-neural network: It is a kind of artificial neural network based on the Takagi-Sugno
fuzzy system. Since intelligent systems have an acceptable performance in the presence of
uncertainty and inaccuracy, and considering the main properties of neural networks, that is;
Powerful estimation of non-linear functions and adaptive learning capability as well as the
main property of fuzzy systems, that is; Using expert knowledge to obtain the relationship
between input and output. In this research, ANFIS smart networks have been used to classify
defects.

Fuzzy-neural network modeling: at first, by using random number determination software,
100 failure data were selected with Excel software into two parts: 30 checking data and 70
training data (based on the theory of McLachlan et al, 2004 1. ten The type of data set is
suitable and valid for considering Training. 2. The data sets must be created randomly.) and
with the Anfis Edit command in the Fuzzy-Neural Toolbox in the Load Data section, load the
Check and Train data and the results It is presented in Figures 1 and 2.
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Figure 2: Test data after random selection
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The results show that in the Generate FIS section, which has two algorithms, Grid Partition and
Subtractive Clustering, first by choosing the Grid Partition algorithm, by increasing and
decreasing the number of fuzzy membership functions, and changing the type of fuzzy
membership function from triangular to trapezoidal and bell-shaped and The normal and linear
type of fuzzy output that we taught did not get the desired results and after the tenth repetition
we encountered Error 7.67814 and as a result we started to adjust the fuzzy structure by selecting
the Subtractive Clustering algorithm using the fixed parameters of the Toolbox. Then we start
training by choosing the Hybrid method and selecting 10 iterations, and finally, in the tenth
iteration, we reach Error 0.060433, which can be seen in Figure 3.

Training Error
0.6

Error

Epochs
Figure 3: Error Training

By choosing the Subtractive Clustering algorithm, Anfis information structure with 4 inputs
and 1 output and 3 rules form the structure shown in Figure 4.

input inputmf rule outputmf output

Logical Operat
[
@

i

g g

Figure 4: ANFIS structure

According to the inputs of the research, this number reaches 4 inputs. The number of

membership functions is also determined according to the applied parameters. Figure 5
membership function used for system inputs (repair waiting time) and Figure 6 membership
function used for system inputs (repair time) and Figure 7 membership function used for
system inputs (machine working time) and Figure 8 shows the membership function used for
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system inputs (device life) in the modeling process of the circuit fault.
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Figure 5: Membership functions of the first input of the fuzzy system
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Figure 6: The membership functions of the second input of the fuzzy system
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According to the drawn membership functions, it can be said that the more the separation of
functions in the input diagrams to the system is, the more independent the defects related to the
parameters of the membership functions are, and more suitable and effective for the decision-
making process.

Based on the results obtained in the table below, the degree of compatibility of the estimation

with the actual results and the predictive ability and accuracy of the estimation of the results are
presented in Table 2:

Table 2: Prediction model results for success evaluation

Estimated value Real Row
performance
119.9991 120 1
239.9961 240 2
959.9954 960 3
119.9984 120 4
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As shown in Table 2, the estimation results of the designed model are very close to the actual
calculated efficiency and for 4 cases it was almost 100%. For other cases, the approximation of
the model was not less than 0.98.

Finally, by running the model, the trained data and real data are shown in the model. If the
trained data are close to the real results data, it means that the model has a good inference
capability. Figures 10 and 11 show the results of this test.

it 104 Training data : o FIS output : *

Output

Index
Figure 10: Training data test

Checking data: + FIS output:*
10000

Output
g

* *
* * ¥ % * %
0 Lk—k VTS S 3 * Kk % ¥ ¢

0 5 10 15 20 2% 30
Index

Figure 11: Testing the test data

3-Results

In this section, the inputs of the fuzzy-neural network are specified and the training and then
testing operations are performed. The input data includes useful life of machines in years, repair
time in minutes, working time of machines, waiting time in minutes, and output data of machine
breakdown time in minutes. Table 3 shows some of the desired results obtained from the fuzzy-
neural network.

According to the obtained results, the accuracy rate of the modeled fuzzy-neural network is 94%
and its error rate is 6%, which indicates the high accuracy rate of the fuzzy-neural network and
the low error of this combined network in predicting machine failures. It is industrial.

An example of the results obtained from Matlab software is shown in Table 3.

4-Discussion and conclusion:

In this article, we predicted the failure of industrial machines using fuzzy-neural network in order
to increase productivity. First, we got a complete understanding of all the different parts of
industrial machines and the functions related to each of them, and after collecting the relevant
data, we calculated the productivity, the results of which can be seen in Table 1. Finally, for
Examining the problem in Matlab software, we modeled the fuzzy-neural network to predict
machine failure. After modeling the fuzzy-neural network, as expected, we saw the prediction
of the duration of the failure of industrial machines, and the results are in the results table. The
modeling output is presented in Table 3.
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Table 3- Anfis results of MATLAB software

Comparison
Waiting | Repair Ma_chln_e Device life | Downtime |Estimation of (difference
time time |working time (years) (minutes) | Anfis model between real
(minutes) [(minutes)| (minutes) y and output
downtime)
30 90 540 6 120 119.9991 0.0008
120 120 420 25 240 239.9961 0.0038
780 180 360 6 960 959.9954 0.0045
10 110 540 5 120 119.9984 0.0015
420 120 780 5 540 539.9943 0.0056

According to the obtained results, the accuracy rate of the modeled fuzzy-neural network is 94%
and its error rate is 6%, which indicates the high accuracy rate of the fuzzy-neural network and
the low error rate of this artificial network in predicting the failure of industrial machines.

As mentioned earlier, the other aspect considered in this study is the increase in productivity,
which after doing the modeling, it was concluded that the reduction in the duration of
breakdowns and repairs and the reduction in network costs lead to an increase in the working
time and The availability of machines is increased and finally the productivity increases.
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