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This article presents a new approach to using Support Vector Machine
(SVM) in the diagnosis of machine faults by finite element analysis (FEA).
The requirement of using SVM in fault diagnosis is to go through their
initial training phase, which requires access to sufficient data. The
simulation dataset has been limited only to that simulation platform, and
the laboratory dataset requires several motors to prepare data. In
addition to the data of the healthy motor, the faults must be introduced
intentionally into other motors to collect data under faulty conditions.
However, a dataset of the faulty motor is not available in natural
situations. On the other hand, due to the time consumption and cost, it is
not possible to use this method to collect data from the unique,
expensive, and non-stopping motors. The proposed method only uses
the healthy motor and does not consist of the costs associated with
purchasing several motors and damaging them. The dataset in this
method was provided from motor simulation and then used in the
laboratory environment. First, the stator inter-turn short circuit, broken
rotor bar, and eccentricity faults were simulated using the FEA to create
a dataset for the considered motor. Then, the indicators were extracted
by the motor current signature analysis to design suitable SVM models.
By the correction factor, the inputs of the trained SVM models were
adjusted to detect faults in a laboratory motor. The results confirmed the
high capability of the proposed approach to distinguish defects in similar
laboratory motors.
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EXTENDED ABSTRACT

Introduction

All SVM models for accurate decision-making require initial training with valid data.
Furthermore, the educational and testing platforms are the same in all cases. Therefore,
these models may not have acceptable accuracy in other platforms for the same motor. This
paper introduces a new approach to solving these problems. Firstly, the exact date of the
FEA simulation was used for the training and testing of SVM models. Then, the SVM models
were evaluated in same real machine by applying the correction factor.

Methodology
Two datasets were prepared: One dataset of simulation results using the FEA in Ansys

Electronic Desktop software (Figure 1), and another of the experimental results. The
experimental set was equipped with the Lab-view software, DAQ card type with PCI-1716,
LTS6-NP, and LV25-P sensors according to Figure 2.

Figure 1. Simulated SCIM with Figure 2. Experimental Figure 3. Healthy rotor, one BRB, and
FEA. setup. two BRB (Top to down).

Datasets contained the balanced and unbalanced voltage in healthy, SC, BRB, and ME
results. The FEA dataset was used to acquire suitable SVM models. These SVM models were
designed based on the indicators of stator inter-turn short circuits (SC), broken rotor bars
(BRB), and mix eccentricity (ME) faults. By applying the correction factor, the inputs of the
trained SVM models were adjusted to detect faults in a similar motor: Then, it investigated
the capability of the FEA approach for SVM training to detect defects in similar laboratory
motors. The block diagram of the proposed SVM method based on simulation and laboratory
data are shown in Figure 3.
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Figure 4. Proposed SVM diagram.

Results and discussion

Three SVMs were provided using simulation datasets to diagnose SC, BRB, and ME.
The box constraint for the Soft Margin was 10, and the kernel function was considered the
Radial Basic Function (RBF) with a sigma value of 0.7 in SVM.

SCDetection

The CCP as an indicator was employed to detect SC. In a healthy state with a balanced
supply, CCP is in a circle shape. However, the SC fault or the supply imbalance causes the
circle changes to an oval. So, the value of the negative sequence component (NSC) of voltage
is selected to separate them. Therefore, this SVM had two inputs: the ratio of oval diameters
and the NSC amplitude. Fifty samples of simulation (29 and 21 cases of healthy motor and
two shorted circuit (2SC) turn, respectively) with different NSC were utilized to train SVM.
Then, another 80 samples of simulation (2SC-20SC) were used for the initial evaluation of
the SVM. The simulation results indicated a high accuracy (100%). Twenty experimental
samples consisting of healthy and faulty samples (2SC-20SC) with 2-4volts imbalance were
studied to evaluate SVM. The experimental result indicated the diagnostic accuracy of 100%.

BRB Detection
The BRB adds fi» harmonics to the stator current spectrum that could be used to

discriminate BRB:

fo» = |11 F 2kslf; 0})]

where s is the slip, and f; is the fundamental frequency. The amplitude of the two
frequencies for k=1 was appointed as the input of SVM. A dataset consisting of 54 simulation
samples (24 and 30 samples of the healthy and BRB, respectively) were prepared. Twenty-
four samples were employed to train, and the rest of the samples were utilized for the
evaluation. The accuracy rate of the evaluation was high (100%). Then, thirty samples of
experiment (10 and 20 samples of the healthy and BRB, respectively) were studied to
evaluate SVM. The accuracy rate was 100%.
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ME Detection
The ME fault adds fre harmonics to the stator current spectrum that could be used to
detect this fault:

fme = Ifs F kfr| 2

where f- is the rotor speed in rounds/second, and k=1 gives high and low sidebands.
The amplitude of two sidebands was selected as the input of the SVM. The simulation dataset
consisted of 87 samples (27 healthy samples and 60 ME samples with SE and DE from 5%-
20%) prepared to train and evaluate the SVM model for ME diagnosis. Twenty-four samples
were applied to train this SVM, and the remaining samples were utilized to evaluate the SVM.
The evaluation accuracy of this model was 100%. Next, the trained SVM model was evaluated
with the experimental results, and the accuracy rate was 98.6%.
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Figure 5. the SVMs to detect SC (a), BRB (b) and ME (c).
Conclusion

In the present research, SVM trained based on FEA acquired the necessary capability to
perform in laboratory environments. Despite the high simulation accuracy of FEA, it still had
minor differences with the laboratory motor. The proposed solution of this article was to
create compatibility between the input indicators of SVM models by using simulated and
experimental healthy motor data and applying a correction factor. Three SVM models were
trained by FEA results to diagnose SC, BRB, and ME faults and their accuracy were 100% in
the evaluated section. After applying the correction factors, they were evaluated using the
experimental results. Their classification accuracies were 100%, 100%, and 98.6%,
respectively. These results confirmed the high capability of the FEA approach for SVM
training to distinguish defects in similar laboratory motors.
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