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7- Data base
8- Principle component analysis (PCA)
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1- Support vector machines (SVM)
2- Artificial neural network

3- Genetic algorithm

4- Neura network

5- Expert systems

6- Fuzzy logic



WAB 093 Jluonsi oY 0locs & alor c(6)yslisS glooymiblo 4y pis YA

o35 odliial 3485 o > (MATLAB R2013b) e 38
Amd o Ui 3uin opl 3 1y ol ek a] B Y S el

1y lase (g5 (gl jbjlo 0 b &8 5,5 oo )8 odlisl 390 S35

08U = @b il s A8 (o0 S Jloy (slroygs 5
P 3855 8 bl 2)90 gl g A plol @b iy g 4ieS

9o (Sdwle (B g 015l p3uilSe 55 (ygumnian) S0yl gm0 giw olis 1€ gmiw sy D leMbl 2l sl ailob @ (A = JSKud

Sk S g
Fig.1. A) a Data capture platform. b- Tachometer. c- Piezoelectric accelerometer on clutchretainer mechanism B) The
worn shaft and worn bearing
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2- Fast fourier transform
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o rile 059 oliie dlone b (ol (loalye L5b) Sluslxe
2 bl (C) by lgsS
Ci=lv (0)
e J95 Eppots 3 siten oy wolio | (i =12,...,M) &8
oS it 03y sl sy Skl V(i =1,2,.0, 1) g Shors
5 (K<) Kogog 1oy o amlons plSin o5 (sloshoys ol
L el Kojag jlop oo yS) b 3190 cnl 45 095 00 48,5 Lo
S i dgas wMel ol Y ailiwl K odse (3,9] Consey ua
D950 54 Kogg )l
ol

ol B Al g dineS 58l (@l (glwaigy Lol Gua
Bl 4S9 ey ool 5] Cusdty el 35 e,
3y9e (as 8 (gilwdiay sl S5 wipeSl )15 392
LapgigessS (sasgorme y3 Subj pi el ol 435 )15 o3litu
2 29 e 0dali (5 L aoM slan iy 5 433l oo W0
Ygame &5 55 (s09500 3 g JSia el o ol pignsS
Syl s (5)li 50y syl 33y gy

1- Binary string

S baslyy oub INEY Y L aoled cdius Sog0 sl
g g s (V) 9 (V) slaabal) & g0

W (t) = ; h(k ), (t) (")
w2 (t) = Zk: gk, (t) (v)

el SIS VU 23 5,35 ol ks i 9(K) 5 (K)o
Sl b (3,8 pld di Smge s lSaly it ool

(Refiee et cool s Jlasl Sluogas )by olsie 4 ples pdaw
4 dog b b glsinl Glasgas by a0l axy (@, 2009
el iy il sl can il oo 1k b ool 35 slay
Caol loodly slal ialS (ol ond aslis gy Lol ddlse
Iy o Stansods (sl puisio Lol (claadlio Jl> (Jolliffe, 1986)
|y e oyt g A o a8 (Snen i sl piie &
s 5 o 25 oS 5 35 Syt b (3 OS5 dpulons
Sluogad laylyy )3 35y (oo IS (F) abaly S5 & Lol sl

A5l o N<M el o (151,2,...,M) ey N L odd jascie

1 (¥)
m= m;Xt



THY o)l p il o155 (sl Car i o 39501 40y 31 wgllan a4l oolos!

Ay Sg0 b5 4356 — € S

Fig.4. WPT decomposition
Jalald g dajas o) 5l amy sl L5 el el 3T lsisas

S g0 dhwga sl canday ikl glaodls ggeze b
5 Db35 .Db30 .Db25 .Db20 .DbY Db4 o3ls slacl L Lo
b iy S0 J1a5 425 gl jloged ad plosl ¥ s > D40
= Ve Gy Rl adls gy ¥ adew > DB4 odlgls
ol 3 e Glysul ol sal O S5 )3 diges lgicdy adds
\Yd ‘d_l>).a L)”] 2 ol 0uis Au.ol?u\c @a.w PRI v t_<>5o J.s.,\.u
Yls (glys ool oy W 51 S ya gl jlire Byl
e SialS (ly Lol claadlye LT s el cunday calisco
e3> dw Lol claadlze 3JUT 5l ookl b .cd 3 51,3 exliul 3)90
Db calises glgl (gl ol Guibylg Bls do > 4 del cowday
ol ol & IS5 > Lol claadlge BT lwlxe

ladSs Y i it le oy i ccolze dusbre jolaie &
ot (3l (MLP) T4tz g sl b o 7 jg5eiy
oyl aml gl g 3 ol dy o sk glacabge
loaie; ¢l ssan j5 b &g 5 hisel slaps )sSl
Jolis as ) (Yang et al., 2004) 2ol o ues caliseo
P2 Higd g 0dal (g5 oS Cusl (ilge (Biy polis Sl plaaY
ol Jate (5l a0 a0 MolS ¢ Jlasl 50 b a1 S
g o el Gigel b o 50 gy gl polie

3- Feed forward
4 -Multi layer perceptron
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9- Mean square error

10- Mean absolute error

11- Correlation confection

12- Biaslearning function

13- Logarithm function sigmoid

14- Hyperbolic tangent sigmoid transfer function
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1- Performance functions mean absolute error
performance function

2- Mean squared error performance function

3- Mean squared normalized error performance function
4- Mean squared normalized error with regularization
performance functions

5- Mean squared error with regularization performance
function

6- Mean squared error with regularization and
economization performance function

7- Sum sguared error performance function

8- Roulette
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Table 2- Evaluation of optimum characters of ANN related to eight Db type

Db type MSE MAE r
ools oyl £y U Golagyo Sl JolS (il (ollnd (Kol g

Db4 4.09E-07 0.000146 0.999999
Db9 3.27E-05 0.002194 0.999973
Db15 0.000202 0.000931 0.999845
Db20 0.011765 0.031759 0.9911
Db25 0.000782 0.00449 0.999437
Db30 0.000295 0.005343 0.99978
Db35 0.000696 0.006482 0.999457
Db40 0.00167 0.013753 0.99883
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Introduction

The diagnosis of agricultural machinery faults must be performed at an opportune time, in order to fulfill the
agricultural operations in a timely manner and to optimize the accuracy and the integrity of a system, proper
monitoring and fault diagnosis of the rotating parts is required. With development of fault diagnosis methods of
rotating equipment, especially bearing failure, the security, performance and availability of machines has been
increasing. In general, fault detection is conducted through a specific procedure which starts with data
acquisition and continues with features extraction, and subsequently failure of the machine would be detected.
Several practical methods have been introduced for fault detection in rotating parts of machineries. The review
of the literature shows that both Artificial Neural Networks (ANN) and Support VVector Machines (SVM) have
been used for this purpose. However, the results show that SVM is more effective than Artificial Neural
Networks in fault detection of such machineries. In some smart detection systems, incorporating an optimized
method such as Genetic Algorithm in the Neural Network model, could improve the fault detection procedure.
Conseguently, the fault detection performance of neural networks may also be improved by combining with the
Genetic Algorithm and hence will be comparable with the performance of the Support Vector Machine. In this
study, the so called Genetic Algorithm (GA) method was used to optimize the structure of the Artificial Neura
Networks (ANN) for fault detection of the clutch retainer mechanism of MF285 tractor.

Materialsand M ethods

The test rig consists of some electro mechanical parts including the clutch retainer mechanism of MF285
tractor, a supporting shaft, a single-phase electric motor, a loading mechanism to model the load of the tractor
clutch and the corresponding power train gears. The data acquisition section consists of a data analyzer (PCA-
40), a personal computer, a piezoelectric accelerometer (VMI-102, DT-2234B), a tachometer and two rubber
vibration absorbing elements are located between the rig’s components and the plate holder. An evaluation
function was employed in order to achieve the optimal structure of neural network models by selecting the
number of layers, number of cells in the layers, transfer function, training function, learning functions,
performance function, and number of epochs, in such a way that the MSE of the calculated output error was
minimal. The data were collected by means of the accelerometer sensor attached on the clutch mechanism, with
three different working conditions (normal condition, with worn bearing, and with worn shaft), and three
rotational speeds including: 1000 rpm, 1500 rpm and 2000 rpm. The Wavelet Packet Transform (WPT) was
applied on the data-set for features vector extraction and the principle component analyses (PCA) was applied
for dimension reduction of the features vector. The signal processing and the features extraction are the most
important characteristics of the monitoring methodology, by which the working condition of the machine can be
determined. These characteristics may be acquired by transforming the signals from the time domain to the
frequency domain and MATLAB software is used for this purpose. This software receives the vibration data
(time series of output voltage) which are in Excel files format. To remove the noise a suitable filtering procedure
was used and finally the statistical parameters of time - frequency were calculated.
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Results and Discussion

To verify the accuracy of the Genetic Algorithm model, the required data were collected from the training
and testing steps of the Neural Network. For this purpose, the statistical parameters such as mean squared error
(MSE), mean absolute error (MAE) and correlation coefficient (r) were used. The optimal parameters of the
neural network obtained for the family of Db4. A trial and error procedure was used to minimize the mean
square error of the network output and the desired amount of training step. During the training step, four neural
networks including Db4, Db30, Db35 and Db40 achieved a gradient descent weight in the learning bias and four
neural networks including Db9, Db15, Db20 and Db25 achieved a gradient descent with momentum weight in
the learning bias. The two of the achieved neural networks including Db4, Db20 have circular logarithm function
and the remaining networks have annular hyperbolic tangent transfer function. The most appropriate networks
configuration was acquired when the network exhibited the minimal error with the training and testing data sets.
The results show that the highest accuracy of the GA-ANN Artificial neural networks for all rotational speeds
(1000, 1500 and 2000 rpm), and working conditions (intact gear and shaft, damaged bearing and worn shaft)
observed for the network family of Db4. The highest error observed for the family of Db20 with MSE of 0.011.

Conclusions

Artificial neural networks can somewhat think and make decisions similar to an expert person. In this project
in order to predict the occurrence of a failure of the clutch mechanism of MF285 tractor, the experimental data
were obtained using some sensors, and the data were transferred to a computer by means of a data analytical. By
training of the neural networks, the errors were identified separately. The output data from the combined Neural
Network and Genetic Algorithm shows that the performance of the prediction model is enhanced. Based on the
experiments and calculations, the best data set belongs to the family of Db4 network with the least MSE equa to
4.09E-07 and r equal to 0.99999, indicating that the model could precisely detect the faulty bearings or shafts.

Keywords: Clutch retainer mechanism, Fault diagnosis, Genetic algorithm, Neural network, Wavelet packet
transforms



