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In the present research, the analysis of the behaviour of cantilever
chromium nanobeams was investigated in the form of nanobeam
calculations under static load. To simulate the behaviour and calculate
the deflection of nanobeams, the adaptive neural-fuzzy inference
system (ANFIS), which is a powerful combination of neural networks
and fuzzy logic, was used. By using laboratory data, the mentioned
system was trained and tested in three modes. In the first case, the
system was trained with the laboratory results of two forces of 8 and
10.1 nanonewtons along the nanobeam with a thickness of 50 nm.
Then, the system was tested by interpolation with 9.4 nanonewton
forces. In the second case, the system was trained using the
experimental 68 nm thick nanobeam for forces of 8 and 11
nanonewtons, and it was tested with 9.5 and 12.5 nanonewton forces
in the form of interpolation and extrapolation. In the third case, with
the laboratory results, the nanobeam with a thickness of 83 nm was
used under a force of 8 nanonewtons at different points, one at a time,
to train the system and to test the results of the system. In comparing
the ANFIS results with the experimental results, the percentage error
was found to be 2.88%. The results of this research showed that it is
possible to accurately predict the nanobeam deflection with the
adaptive neural-fuzzy inference system without the need to perform
more experiments.
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EXTENDED ABSTRACT

Introduction

An adaptive neural-fuzzy inference system or fuzzy inference system based on an
adaptive network abbreviated as ANFIS is an adaptive and powerful combination of neural
networks and fuzzy logic. This method is based on the Takagi-Sugeno fuzzy inference
systems introduced by Zhang in 1983. By using neural and fuzzy networks, the presence of
positive properties of both methods has resulted in their wide usage.

In the ANFIS method, neural network algorithm and fuzzy logic are combined in such a
way that the advantages of both are used to train a new algorithm. Since laboratory data
have a degree of accuracy, using fuzzy logic to express data is considered an advantage. On
the other hand, the advantage of the neural network is that it is trained using primary data.
These two advantages are collected in the ANFIS method. The ANFIS has been used in many
practical and industrial problems.

The innovation of the present study is that according to the present study and in
comparison with previous studies, it is clear that not much information is needed to train
the neural-fuzzy inference model. Therefore, in problems where a lot of behavioural
information is not available from the system, the neural-fuzzy inference model is very
efficient, and this means reducing the need for the number of initial tests and thus reducing
costand time.

Methodology

The ANFIS has used a set of conditional rules whose characteristics have been modified
using a neural network. In this method, the centre of membership functions, and their start
and end points have been modified in an intelligent way using a neural network. For this
collection, five different layers (as shown in Figure 1) are defined as below:
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Figure 1. Schematic design of adaptive neural-fuzzy inference system.

The first layer is defined as the "input fuzzification layer". It converts the input values
into a set of fuzzy rules using some membership functions. The second layer creates a
power for the rules. That is, this layer is defined as the "law layer" and the output signal is
calculated by multiplying the input signals with fuzzy operators. In the third layer, the
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weight of each node is calculated and normalized. In the fourth layer, the fuzzy quantities
are de-fuzzified. In the 5th layer, the output of the system is calculated based on the sum
of all received signals.

Results and discussion

In this study, the ANFIS toolbox, available in MATLAB software, was used to calculate
the deflection of the nanobeam. For this purpose, 3 triangular membership functions were
used for each input. In addition, 35 nodes, 9 linear parameters, and 18 non-linear
parameters were used. According to Figure 2, the force was introduced at a distance of a
certain length, i.e. ], from the beginning of the beam, and the deflection, i.e. §, was
measured at the same point.

Figure 2. Loading F and deflection § in the nano beam.

In this study, the toolbox of the ANFIS of MATLAB software was used. The system was
taught and tested in three different modes.

In the first case, the system was trained with the laboratory results of transverse forces
of 8 and 10.1 nanonewtons along the length of the nanobeam with a thickness of 50 nm
(Figure 3). It was then tested with the values of the deflections corresponding to the force of
9.4 nanonewtons (Figure 4).
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(a) Deflection of nanobeam under 10 nN force. (b) Deflection of nanobeam under 8 nN force.

Figure 3. Comparison of the deflection of the ANFIS result (trained) and experiment data.
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Figure 4. Comparison of the deflection of the ANFIS result (tested) and experiment data.

In the second case, the system was trained using 68 nm thick nanobeam laboratory
deflections for forces of 8 and 11 nanonewtons and tested with deflections corresponding
to forces of 9.5 and 12.5 nanonewtons. In the third case, with the laboratory results of
applying a force of 8 nanonewtons, at different points of the nanobeam with a thickness of
83 nm, one at a time, it was used for training the system, and the rest of the results were
used to test the results of the system.

Conclusion

In this study, the ANFIS, which is a powerful combination of neural network and fuzzy
logic, was used to simulate the behaviour and calculate the deflection of nanobeams. By
using laboratory data, the mentioned system was trained and tested in three modes. In the
first case, the system was trained with the laboratory results of two forces of 8 and 10.1
nanonewtons along the nanobeam with a thickness of 50 nm. Then, the system was tested
by interpolation with 9.4 nanonewton forces. In the second case, the system was trained
using the experimental 68 nm thick nanobeam for forces of 8 and 11 nanonewtons, and it
was tested with 9.5 and 12.5 nanonewton forces in the form of interpolation and
extrapolation. In the third case, with the laboratory results, the nanobeam with a thickness
of 83 nm was used under a force of 8 nanonewtons at different points, one at a time, to train
the system and to test the results of the system. The error, comparing the results of the ANFIS
with the experimental results, was found to be 2.88 %. The results of this research show that
itis possible to accurately predict the nanobeam deflection with the ANFIS without the need
to perform more experiments.
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