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ABSTRACT: Vibration analysis is one of the most practical methods for monitoring and troubleshooting
rotating equipment. In this research, vibration analysis and support vector machine algorithms were used
for monitoring and troubleshooting Alstom locomotive blowers. First, vibration data were collected
from the blowers and the received signals were categorized into four groups: healthy blowers and
blowers with problems of unbalance, loose shaft (base), and warped blades. Sixteen frequency and time
features were then extracted from the received signals. Because in rotating systems, the ratio of the
intensity of vibrations in the harmonics of the rotation of the machine can help diagnose the faults, the
ratios of all features were calculated and defined as new features. The accuracy of the network can be
sometimes lowered by the multitude of features, thus, a t-test filter was inserted into the support vector Signal processing
machine algorithm to select the features. The results show that the t-test filter increased the accuracy of
the support vector machine algorithm. Finally, the feature selection of this network was compared with
the feature selection by the genetic algorithm. The results show that the network designed in this research T test
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has a better performance in feature selection than the genetic algorithm.

Blower

1- Introduction

It is necessary to monitor and troubleshoot the locomotive
parts because their defects can cause plenty of repair costs as
well as railway blockage. Blowers are very important parts of
the locomotives, which are in charge of cooling the generator
and the traction motor. Thus, it is very important to diagnose
their defects in time. The use of vibration analysis is very
common in detecting faults in rotating machines, and many
manuals have already been published in this regard [1-3]. In
recent years, the use of machine learning algorithms such
as K-Nearest Neighbors (KNN), Artificial Neural Networks
(ANN), and Support Vector Machines (SVM) have become
common for detecting and classifying defects [4, 5]. Feature
selection is one of the most important issues in machine
learning. In this research, the t-test and SVM algorithm
are combined to yield an intelligent algorithm for feature
selection, which can determine the optimal feature vector for
a support vector machine and select features that are effective
in decision-making.

2- Methodology

At first, vibration data were collected from the blower
of Alstom locomotives, and 16 frequency and time features
were extracted from the vibration signals. Defects in the
rotating parts such as unbalance, misalignment, and blade
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warp can cause an increase in the intensity of vibrations at
a frequency of one, two, and three times rotation. In order
to identify the defects from one another, the ratios of the
intensity of vibrations at the frequencies had to be taken into
consideration. Therefore, the ratios of extracted features were
also calculated and defined as new features. Next, a t-test was
used in the support vector machine algorithm to remove the
ineffective features and select the best feature vector to obtain
the highest accuracy of classification in the network. The
T-test is a statistical test that compares the mean and variance
of features extracted from two separate groups and selects
the features with a significant difference in different groups.
There is a coefficient called alpha coefficient in the t-test,
which determines the significance level of the test. When the
alpha coefficient changes, the degree of strictness in selecting
the feature changes (The lower the alpha coefficient, the
lower the number of selected features). Because the number
of selected features and the accuracy of the network changes
as the alpha coefficient changes, the MATLAB program is
written in such a way that the alpha coefficient varies from
0.001 to 0.1. Then, for each alpha, the selected feature vector
is given to the support vector machine algorithm. Finally, the
optimal alpha and feature vector are selected according to the
accuracy of the network.
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Fig. 1.Confusion matrix of the neural network without
t-test filter

3- Discussion and Results

In order to check the effectiveness of the method proposed
in this research, first, 136 features detected from the vibration
signals of healthy and defective blowers, without a T-test
filter, were given as input to the support vector machine
network. The overall accuracy of the network was 1.88,
whose confusion matrix is shown in Fig. 1. After using the
t-test filter, 65 features out of 136 features were extracted,
selected, and given as input to the support vector machine
network. As a result, the accuracy of the network increased to
97%, which shows the positive effect of the t-test filter on the
classification accuracy (Fig. 2).

4- Conclusion

This paper reports on proposing a new method for feature
selection and the classification of blower defects via the use
of a t-test in the support vector machine algorithm. The results
showed that the proposed method can identify the effective
data in decision-making well and increase the classification
accuracy by choosing the proper feature vector. The method
could detect the unbalance defects, looseness of the shaft,
and warped blades with an accuracy of more than 90%
and identify the effective features in the diagnosis of these
defects. The results showed that the unbalance defect can
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Fig. 2. Confusion matrix of neural network with t-test
filter

result in a noticeable increase in the intensity of vibrations at
1X frequency, the blade warping defect can cause an increase
in the intensity of vibrations at frequencies 2X, 3X, and
10X, and the loose shaft defect can cause an increase in the
intensity of vibrations at frequencies from one to ten times
the nominal speed of the blower as well as increased time
features such as root mean square and signal energy.
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Table 1. Specifications of the first bogies blower of the Alstom locomotive[18]
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Table 4. Features of support vector machine algorithm for classification of healthy and defective injectors
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Fig. 7. The performance of the designed network of support vector machine with T-test

Aad e phals 30y g dib
6 )oline o 48510 292 Wl g pb 4y s (5 g3l 52
Shs Bl 3 6K lie ol i g 02,8 pasuie |y (0]
ol Bl sla St ol 395 oS Wl g5 dry0) S o0 e
by 5] S oy Ty (Gl s Al it o) b oo
WS CBd 4 dag b colps 50 g ol edby lusidy Jbp peile 130565]
358kas (S3sSe Jlage V JSS g 0 5l aige (S oy 5 Wl
Ao gL 1y (5 ool s b oty o gdle 0ad (Sl &S

OS] gl it e gl (san Lol3ll oS o Sy sl Ltulsél L oS
Slp b Jials anddb By g ond olouil Hlad s a5 3 25
350 5 el ygeil 53 ol glsenl o S Tl JSiie ol &,
Sl 5 gl Blod 1 48 oM 9 51 ala S 9 48,5 )18 (o
0392 )bl g3l o (5 gel s Sl i (6 Line glis
LTy lome oY 93 1 oad gzl sl Shs (bl 5 (60ke &S
Srzely ©olis wilizee SN 3 & o Shg g 03,5 dulio oa
9 0 2lb Shy Bla el J g0jl 4ty A8 e ol | 1)l
wiys)] & LT 399 5 4zl gl Ly s i3, aliseo (cla oS 3 45

€83 a8k WS (o el A0l 4 (S e & plaidy Jhp omile

ALY



A+ B VAYY docio VF ) Jlo A oyl OF o3 «puiS prol CSilSlo wnbies &y pui

Confusion Matrix

Output Class

1

Target Class

& 9051 Pl (9 omas A (S ped )3 s yile A JSW

Fig. 8. Confusion matrix of neural network without T-test filter

IS > o N (Ku e yd s yile 48 o390 MY &S (IS cdy cdls
ol o 031y L A

2l (S5ay WF 1 Siag 50 3« 3 sgeil i Jl ]
B4 ool losdy by bl 4Kl 4 (6959 (ot 4 5 Ol il
Cuto P15l lis &S @l yiulal asyd AY & aSd cds alls ol 0
(3 JS) 3yl sanail <> g9y (5 g0l i

@ Bl Cad lpy (Siuyenp uple o Cwl sy 4 p)Y
Ry Ve S8 098 e odlatl Jae 3)Skes (b)) 3 Frele s pgad
s o s |y G ple ol 5l

oy odle a5 €83 9y F ooel b U s (s e
PR sy it U Gus 2 & g9dge (il paseil 5 Ol
Db s £ pasidl Cup wdd (b iyl o) e b STy
g oo 0dnlie O Jod> )3 ] guls a5 ond |pl 45 se

o35t Sy 5 gy S gy 3 gy o) 8 ol o il
Sl g dsgere (sby Shg dla (il ((Shy SLl ol B

1  Confusion matrix

ALY

oy 8 oss a8l)) o yoSU Alie ol 4> 48 S g oo AMS yobo @
S 9 Py iz o il )8 55 Gl Gl s (85 )l 5 L
2 9 dke OB (S jlop ol )3 45 00 iy pai 125550 slens slal
Ll A i ) 213 3929 gl (Shog sl 4 Cund (6 by ke
LS S8 jlaw Cus g9 (il 4 Sl el gla WilS)8
L (S5 )3y 5l ke pt SledMbl 5 g0l 5l sl b s ([Y-0]
L ad slo o GeSlen g oo JoSuis oS dlal b (g0 5 5 00 Bl
9ol allis A oo e 30 S el o osesl 0 W gy i
Wl gy 55 b b 0 0305 )13 iy Jloe dle ool 31 (5
€8> duslma g ( Gluidy 5 Oble 4 (029)9 Shg o s &lg2)

29 Ol (S oy o 4Ked sirdis

==y
Sl S bl 35 ol 3 0ad Ll by (ie Sl yp
o] 78 5 e 3 ol (s e Ji 5 05 5



VAD+ B VAYY docio VF ) Lo olad BF 053yl SilSa unign & i

Confusion Matrix

Output Class

0 1
Target Class

& 0903 B L (omas a5y po D u ile A JSUS

Fig. 9. Confusion matrix of neural network with T-test filter
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Table 5. Accuracy of support vector machine algorithm with (out) T-test filter
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Table 6. Important features of genetic algorithm

MSE (\+N, ) San
7 e
\# S5 olass
MLP

Sar b ades gl oolaiul 850 (cuac 4D

oS5 1 01,5 5 e TS Lot .03 Slgiy "l L
ol odlatwl Sis§ iy sNl & basye Lol Glasuine [VY 5 VY] 25,8
U5 ol Cand 4 ol g e sdalie £ Jgds )3 (Guid oyl
5 eolims Gle b o 5 g0l yikd demg SVl eles > a8 aad e
Opmen Cuwl o aSud €8 (I cage (3959 51 o SRy
Salp by (63 des SuBj w2 sl Ll )3 0 (b o )5N]

2 Holland
3 Goldenberg
4 Michalewicz

YAgLo

Jao o8 (4575 & el (g diib > 3 S50 5 nre sla S
Gebo a3l 4y |y o adb €85 (p il oSk M S L
o Sy Sy bl Cone & 85 WD ol iy ol
Silottage s Sy g | ol Glice ity el (il
a5 o il die Slapi)sSl b e g ildie Bam
23 gy b3S cul )3 oad (b pi)eSl 5 Sles dunlie
S5 sl ol 0ud ool 'S5y w2 )sS Sl ¢ Sy ol

VAVD Jlo 53 )b ool &S 0391 (JalSS slas oSl ik 9 (2 5B9pme

1 Genetic Algorithm



mm/s |[§ ZM-084.02 motor boliver 1: Channel 1 (1/29/2019 23:17:45)

50 @
-
2.5
2.0 4
1.5 4
1.0 A
0.5 o
M_“h Ao

r I B e e e T e e e e e e S
0 200 400 600 800 1000

L B e e T B e e e e e e AL e |
1200 1400 1600 1800 2000 Hz

UL 0,5 Y0 l5me U sk 51 g8l 50 JUSw )Y IS
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