International Journal of Scientific & Engineering Research, Volume 6, Issue 6, June-2015
ISSN 2229-5518
1686

ANALYSIS OF FAULT IN BOILER TUBE USING
BY FUZZY LOGIC TECHNIQUE

Rabinarayan Sethi*, Sanjay Kumar Panigrahi** ,

*Department of Mechanical Engineering,
Indira Gandhi Institute of Technology, Sarang, Dhenkanal, Odisha, India,
E-mail:rabinsethi@gmail.com, sanjay.panigrahi@bhushansteel.com

Abstract

In this paper, a novel approach to detecting fault location and its intensity in the boiler tube by Fuzzy logic
techniques is established. The analysis has been done by using finite element method with the help of
ANSYS. It has been noticed that when the crack depth increases natural frequency decreases and also there
is a deviation in the mode shape. The fuzzy logic controller used here comprises of one input parameter and
three output parameters. The triangular membership functions are used for the fuzzy controller. Here the
input parameters to the fuzzy-triangular controller are relative deviation of first natural frequency, and the
output parameters of the fuzzy inference system are relative thickness, sl. No of tube and relative fault
location. The series of fuzzy rules is derived from vibration parameters which are finally used for prediction
of fault location. This method provides the knowledge towards working conditions in the boiler tube.

Key words: natural frequency, relative thickness, sl. No of tube relative fault location, and fuzzy- triangular
controller.

1. INTRODUCTION

During operation, fault diagnosis in vibrating Boilers has drawn a lot of attention from the engineering
community in the last three decades. . The presence of faults in a boiler tube was undetected for a longer
period of time will lead to the failure of the system and may cause loss of life and loss of resources. Boiler
failure is a major concern in power plants and other industrial units [1-3] and the tube corrosion is known to
be the main cause. The total cost of boiler tube failures in power plants is estimated to be about $5 billion a
year [4]. Scale deposits in boiler system are a main concern since they considerably increase the fuel
consumption. In order to control the scale formation, phosphates are used to form controllable participates
(phosphate treatment). Phosphate reacts with calcium and magnesium to form a soft particle which can be
suspended in the boiler water and removed through blowdown. Chelant and dispersant programs are other
common methods to control the scale formation [5]. Vibration based methods can offer an effective and
convenient way to detect fatigue cracks in structures.

2. SIMULATED GEOMETRY FIGURE OF BOILER TUBE
128 — —»>| 23 |

Fig.1 (a) Fig.1 (b) Fig.1 (c) Fig.1 (d) Fig.1 (e)
Figure.l (a) Geometry boiler tube, (b) Distance between two conjugate tubes,(c) Dimension of
each tube,(d ) Total length of boiler , and (e) Total length of boiler each tube.

IUSER © 2015
http://www.ijser.org



International Journal of Scientific & Engineering Research, Volume 6, Issue 6, June-2015
ISSN 2229-5518
1687

3. NUMERICAL ANALYSIS

The FEM analysis is carried out for the faulted boiler tube to find the relative thickness, sl. No of
tube and relative fault location of transverse vibration at different fault location. The dimensions of the
faulted boiler tube of the current research have been given in figure 1 (a)-(e). The relative location two
damage from left and right side of the middle of each boiler tube have been taken here. Relative thickness
varies from 0.6 to 1.0,there are total 30 numbers tube in each set of one boiler .

4. TABULATION OF FREQUENCIES FOR FIRST MODE SHAPES
CONSIDERING FAULT AND WITHOUT FAULT
Table 1: Thickness boiler tube: 10 mm

a* 1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0
b* 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
96 97 97 97 98 98 98 98 98 99 99 99 99 98 90 91 92 93 94 95 96 97 97 98 98 98 98 99 98 99
74 15 76 86 25 31 39 57 17 39 19 39 39 57 22 45 67 48 70 52 13 35 56 78 37 37 78 39 45 57
* 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
C 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
97 98 99 99 99 98 98 98 97 98 97 98 98 97 93 96 98 99 99 98 96 96 94 94 93 93 94 92 95 98
40 37 35 02 67 37 37 05 40 05 72 05 05 72 17 42 70 35 35 37 75 10 47 47 82 82 80 80 60 70
d* 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
98 99 99 98 99 97 98 98 98 99 99 98 98 97 95 99 99 98 96 95 95 97 98 98 98 96 97 98 99 99
37 19 88 84 07 68 26 49 49 65 30 84 03 10 70 07 77 03 05 01 24 45 61 84 37 17 42 27 42 67
* 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
€ 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
95 99 99 99 99 98 98 98 97 98 97 98 98 97 93 96 98 99 99 98 96 96 94 94 93 93 94 96 96 98
50 58 35 02 67 37 37 05 40 05 72 05 05 72 17 42 70 35 35 37 75 10 47 47 82 82 80 10 90 10
a*= Serial number of boiler tube, b*=Relative location From support from 1st left, c*= Relative location
From support from 2nd left, d*= Relative location From support from 1st right ,e*= Relative location
From support from 2nd right,
Table 1: Thickness boiler tube: 09 mm
a 1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3
0 1 3 4 5 6 9 0 1 2 3 4 5 6 7 8 9 0
b 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
90 91 92 93 94 95 96 97 97 98 98 98 98 99 85 93 95 99 99 97 94 92 89 87 85 87 90 91 93 96
22 45 67 48 7 52 13 35 56 78 37 37 78 39 05 17 7 35 02 4 8 2 6 97 37 57 87 75 34
0. 0 0 0 0. 0 0. 0 0. 0 0. 0 0. 0. 0. 0 0. 0 0. 0 0. 0. 0. 0. 0. 0 0 0 0 0.
c 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
93 96 98 99 99 98 96 96 94 94 93 93 94 96 63 68 72 76 81 85 88 90 92 94 96 97 96 97 98 99
17 42 7 35 35 37 75 1 47 47 82 82 8 1 34 03 91 38 06 13 19 22 67 7 13 15 17 39 45 39
d 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
95 99 99 98 96 95 95 97 98 98 98 96 94 93 74 87 95 99 98 95 90 84 80 78 77 79 83 88 95 98
7 07 77 03 05 01 24 45 61 84 37 17 2 27 97 32 45 02 7 77 9 72 82 22 9 52 42 31 87 83
0. 0 0 0 0. 0 0. 0 0. 0 0. 0 0. 0. 0. 0 0. 0 0. 0 0. 0. 0. 0 0. 0 0 0 0 0.
e 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
90 98 97 96 92 90 91 94 98 99 95 91 88 85 83 96 99 93 85 82 84 89 96 99 96 87 79 69 89 97
13 72 91 4 34 13 29 89 14 54 47 53 97 49 63 98 07 03 84 35 33 9 75 65 05 81 92 2 92 69
Table 1: Thickness boiler tube: 08 mm
a 1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3
o|1|2|3|4|5|6|7|8|9]|0|1|2|3|4|5|6|7|8]9]0
b 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
78 82 83 87 89 91 93 95 95 96 95 96 78 82 59 80 93 99 98 93 85 76 70 65 65 68 74 81 84 97
62 28 71 37 61 45 48 11 93 95 52 54 62 28 05 82 82 02 37 17 37 92 1 22 22 8 2 15 26 83
0. 0 0 0 0. 0 0. 0 0. 0 0. 0 0. 0. 0. 0 0. 0 0. 0 0. 0. 0. 0 0. 0 0 0 0 0.
C 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
85 93 95 99 99 97 94 92 89 87 85 87 98 98 73 95 99 89 7 71 75 84 95 99 94 81 68 62 85 95
05 17 77 35 02 4 8 2 6 97 37 98 17 18 94 19 32 36 56 16 56 59 65 08 89 54 27 62 62
d 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
90 98 97 96 92 90 91 94 98 99 95 91 90 91 15 26 38 47 57 64 72 7 84 87 87 93 96 97 98 99
13 72 91 4 34 13 29 89 14 54 47 53 57 87 48 48 7 46 03 36 71 19 32 98 98 28 54 37 54 46
0. 0 0 0 0. 0 0. 0 0. 0 0. 0 0 0. 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0 0 0 0.
€ 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
39 49 57 62 69 76 81 85 89 91 94 96 97 98 43 72 90 98 98 90 78 64 56 49 49 51 76 82 96 97
72 49 64 73 86 17 47 13 85 3 54 15 98 12 05 9 37 05 25 87 57 45 29 29 89 14 78 14 27
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Table 1; Thickness boiler tube: 07 mm

1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
96 63 68 72 76 81 85 88 90 92 94 96 97 98 99 63 94 98 84 67 57 63 76 93 99 99 71 52 65 82
74 34 03 91 38 06 13 19 22 67 7 13 15 17 39 43 08 49 91 73 4 43 43 85 3 3 56 98 09 47
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 98 98 99 99 99 99 99 99 99 99 99 99 99 99 99
97 74 87 95 99 98 95 90 84 80 78 77 79 83 88 78 98 13 25 41 50 62 70 77 83 88 92 95 97 98
40 97 32 45 02 7 77 9 72 82 22 9 52 42 3 62 98 44 66 35 92 12 47 6 1 8 87 52 56 34
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 98 98 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
98 78 98 13 25 41 50 62 70 77 83 88 92 95 97 18 61 87 98 97 84 70 53 39 29 28 35 47 61 87
37 62 98 44 66 35 92 12 47 6 1 8 87 52 56 74 65 65 7 72 72 75 2 22 79 82 64 34 65 45
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
95 18 61 87 98 97 84 70 53 39 29 28 35 47 61 47 91 98 78 56 41 49 69 90 99 88 62 36 23 74
50 74 65 65 7 72 72 75 2 22 79 82 64 34 65 88 41 37 87 72 15 35 95 07 28 62 62 5 79

Table 1; Thickness boiler tube: 06 mm

1 2 3 4 5 6 7 8 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3
1 2 3 7 9 0 1 2 3 4 5 6 7 8 9 0

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 98 98 98 99 99 99 99 99 99 99 99 99 99 99 99
96 39 49 57 62 69 76 81 85 89 91 94 96 97 98 36 63 83 01 17 34 48 60 69 77 84 90 94 96 54
74 72 49 64 73 86 17 47 13 85 3 54 15 98 66 34 51 63 52 22 88 29 25 8 93 02 34 33 34
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 98 99 99 99 99 99 99 99 99 99 99 99 99 99 99
97 59 80 93 99 98 93 85 76 70 65 65 68 74 81 91 48 82 98 96 81 60 37 16 05 04 14 30 46 30
40 05 82 82 02 37 17 37 92 1 22 22 8 15 76 64 77 37 42 47 35 59 47 74 77 84 44 69 69
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 98 99
98 73 95 99 89 77 71 75 84 95 99 94 81 68 62 30 89 97 72 38 21 31 59 87 99 84 50 15 93 45
37 18 94 19 32 36 56 16 56 59 65 08 89 54 27 7 32 21 14 01 76 74 14 58 42 56 31 95 89 34
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
99 98 99 99 99 98 98 98 99 99 99 99 99 98 98 96 97 97 97 98 98 98 99 99 99 99 99 99 99 99
95 87 83 95 51 90 73 79 27 80 99 75 09 51 24 49 10 24 76 26 56 94 11 34 50 64 78 86 92 88
50 05 75 59 59 06 7 15 91 26 65 39 1 64 13 91 19 65 56 07 62 71 81 83 51 77 15 67 15

5. ANALYSIS OF THE FUZZY CONTROLLER

The fuzzy controller developed has got three input parameters and two output parameters.

The linguistic term used for the inputs is as follows;
Relative first natural frequency = “RNF”’;
The linguistic term used for the outputs is as follows;

Relative Thickness = “RT” , SI. No Of tube =”ST”, and Relative Fault location = “RFT”

The Fuzzy controller used in the present text is shown in Figure 8a. The Triangular membership functions
are shown pictorially in Figure 8b. The linguistic terms of the Triangular membership functions, used in the
fuzzy controller, are described in the Table 5.

Fuzzy Controller Outputs

—> RT

Input
RNF ST

RFT

Fig. 2(a) Triangular fuzzy controller
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LNF1 LNF2 LNF3 LNF4 MNF1 MNF2  HNF1 HNF2 HNF3 HNF4

0.0,0.912 0.92 0.928 0.936 0.944 0952 096 0.968 0976 0.984 0992 1.0

Fig. 2 (b) Triangular membership functions of relative natural frequency of the first mode of
vibration

1.0

0.0 1114 2229 3343 4458 557.2 668.6 780.1 891.5 1003.0 11144 12258 1337.3 1448.7 1560.2 1671.6 1783.0 1894.5 20059 2117.4 2228.8 2340.2 2451.7 2730.3

55.

RT1 RT2 RT3 RT4 RTS RT6 RT7 RT8 RT9 RT10 RT11 RT12 RT13 RT14  RT15 RT16  RT17  RT18 R1T9

06 0.62 0.64  0.66 0.68 0.7 072 074 0.76 0.78 0.8 0.82 0.84 0.86 0.8 09 0.92 0.94 0.96 0.98 1

Fig. 2(c) Triangular membership functions for relative thickness

ST1 ST3 STS ST7 ST9 ST11 ST13 ST15 ST17 ST19 ST21 ST23 ST25 ST27 ST29

ST14 ST16 ST22 ST24

100 294 4.87 6.81 8.74 10.68 12,61 1455 16.48 18.42 2035 2229 2422 2616 2810 30.03

Fig. 2(d) Triangular membership functions for SL. number of tube

LCL22 LCL20 LcLas LCL16 LcL14 LcL12 LcLo LcLe LCL6 LcL4 LcL2 ML1 RCL1 RCL3 RCLS RCL7 RCL9 RCL10 RCL12 RCL14 RCL16 RCL18 RCL20

LcL21 LcL19 ez LCL15  LCL13 LCL11 CL11 CL13 RCL1S RCL17

O o e

167.2 278.6 390.0 501.5 6129 7244 835.8 947.2 1058.7 1170.1 12816 1393.0 15044 16159 17273 1838.8 1950.2 2061.6 2173.1 2284.5 2396.0 2507.4

Fig. 2(e) Triangular membership functions for relative fault location

Table 6: Description of fuzzy Linguistic terms

Membership functions Name Linguistic Terms Description and range of the Linguistic terms

LNF1 LNF2 LNF 1104 Low ranges of relative natural frequency of the first

LNF3 LNF4 mode of vibration in descending order respectively

MNF1 MNF2 MNF 56 Medium ranges of relative natural frequency of the
first mode of vibration in ascending order respectively

HNF1 HNF2 HNF 71 10 Higher ranges of relative natural frequency for the

HNF3 HNF4 first mode of vibration in ascending order
respectively.

RT1-RT19 RT1.19 Relative thickness in ascending order, respectively

ST1-ST30 STi30 SL. Number of tubes in ascending order, respectively

LCL1- LCL22 LCL 122 Left hand side Relative fault location in ascending
order respectively

ML1- ML2 ML, Middle side Relative fault location in ascending order
respectively

RCL1- RCL22 RCL 122 Right hand side Relative fault location in ascending

order respectively

6. Fuzzy Mechanism Used For Localization and Identification of Fault
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The fuzzy controller has been developed (as shown in Fig.2 (a)-(e), where there are one input and three
output parameter. The natural linguistic representations for the input are as follows

Relative first natural frequency = “RFNF”

The natural linguistic term used for the outputs is

Relative Thickness = “RT”, SI. No Of tube ="ST”, and Relative Fault location = “RFT”

Based on the above fuzzy subset the fuzzy rules are defined in a general form as follows:

If RNF is RNFi then RT is RTi, ST is STi and RFT is RFTi

Where i= 1to n, where n is the number of membership functions.

7. Fuzzy Controller for Finding Out Relative thickness, sl. No of tube, and relative fault

location.

The input to the fuzzy controller is relative first natural frequency. The outputs from the fuzzy controller are
relative thickness, sl. No. of tube, and relative fault location. Ten numbers of the fuzzy rules out of several
hundred fuzzy rules are being listed in table 7.

Table 7: Examples of tenth fuzzy rules are used in fuzzy controller.

<2)
pd
o

Examples of some rules used in the fuzzy controller

If RNF is LNF 1, then RT is RT12,ST is ST01 and RFT is LCL21
If RNF is LNF 2, then RT is RT09,ST is ST22 and RFT is LCL20
If RNF is LNF 4, then RT is RT04,ST is ST25 and RFT is RCL17
If RNF is LNF 1, then RT is RT03,ST is ST15 and RFT is ML 2

If RNF is LNF 3, then RT isRT11,ST is ST18 and RFT is LCLO8
If RNF is LNF 1, then RT is RT14,ST is ST04 and RFT is LCLO5
If RNF is LNF 3, then RT is RT16,ST is ST08 and RFT is RCL06
If RNF is LNF 2, then RT is RTO7,ST is ST05 and RFT is LCL16
If RNF is LNF 4, then RT is RT04,ST is ST04 and RFT is LCL21
10 If RNF is LNF 3, then RT is RT05,ST is ST09 and RFT is ML 1

Figure 3 (a) -(d): Relative Thickness, SI. No Of tube, and Relative Fault location when RNF = 0.997719,

then RT is 0.68, ST is 16 and RFT is 1003.68.
8. Results of Fuzzy Controller

OIO|IN|O|OBR|WIN|F-

Fig.No 3 (a) Inputs

Rule no 06 of Table 7 is activated

N— I
—

Outputs

0.6  0.62 0.64  0.66 0.68 0.74 0.76 0.78 0.8 082 084 0.86 088 09 0.92 0.94 096 0.98 1

0.68
Fig. 3 (b) Triangular membership functions for relative thickness

STll ST13 STlS ST17 ST19 ST21 STZ3 ST25 ST27 ST30

AR,

1.00 2.94 487 681 874 10.68 12.61 1455 16.48 18.42 2C 422 26.16 28.10 30.03
1.97 3.9 9.7 11.6 13.6 15.5 17.5 19.4 . 25.2 27.1 29.1

Fig. 3 (c). Triangular membership functions for SL. number of tube

LcL22 LcL20 LcLas LCL16 LcL14 LcL12 LcLo LcLe LCL6 LcL4 Lc2 MLl RCL1 RCL3 RCLS RCL7 RCL9 RCL10 RCL12 RCL14 RCL16 RCL18 RCL20
LCL; CL17j L1155 LCAI3 L1 LCl L3 LC) L6 RCA8 RCL: RCLYB 121 A RCLA2

JAORSORSARNAALY WORSSRNSAARASORNSARNSANAS
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1003.68
0.0 1114 2229 3343 4458 5572 668.6  780.1 891.5 1003.0 1114.4MA1 1560.2  1671.6 1783.0 1894.5 2005.9 2117.4 2228.8 2340.2 24517 27303
55. 167.2 2786 390.0 501.5 6129 7244 8358 9472 1058.7 11741 14 16159 17273 18388 19502 20616 21731 22845 2396.0 2507.4 2786.0

Fig. 3 (d). Triangular membership functions for relative fault location

9. RESULT AND DISCUSSION

The discussion is based upon the outputs of ANSYS. With the help of ANSYS, for boiler tube with different
fault location, natural frequencies for first mode shapes have been obtained as shown in the Table number
from 1to5. It can be noticed that with the increase in fault depth, frequency of vibration decreases for first
mode, of vibration and also it is observed that there are significant variations in Relative frequency in the
vicinity of fault location due to presence of faults. To find out Relative Thickness, SI. No Of tube, and
Relative Fault location, fuzzy controller with Triangular have been used. Table no. 6 shows Description of
Fuzzy Linguistic terms and Table no. 7 represents fuzzy rules used in Fuzzy controller. For a given set of
inputs when Triangular membership function uses uses the output we are getting is approximately equal to
the theoretical one having 4.23% of error.

10. CONCLUSION
From the results and discussions the following conclusions have been drawn

e Small fault depth ratios have little effects on the natural frequencies of the faulted boiler tube.
Analysis of change in natural frequencies is effective for prediction of fault in the boiler tube
containing a small fault.

e A clear-cut deviation in natural frequencies in the vicinity of fault location has been observed from
the comparison of the results of the un-faulted and faulted boiler tube during the vibration analysis.

e Unique changes have been observed in the natural frequencies with the change of relative thickness,
serial number of tubes, and relative fault location.

e It has been observed that the developed fuzzy controllers can predict the relative thickness, serial
number of tubes, and relative fault location of the boiler tube with a considerably less amount of
computational time.

11. Applications

e The developed controllers can be used as effective tools for online condition monitoring of
engineering systems.

e The present study can be utilized for inverse engineering application/problems, and can also be used
in different engineering system for fault detection.

e The methodologies formulated using artificial intelligence techniques can be used for prediction of
fatigue, fault of offshore structure, flow lines, turbo machinery, nuclear plants, ship structures etc.

12. Scope for future work:
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In this research fault diagnosis and structural health monitoring systems have been derived using
vibration signatures. These developed techniques can be extended to predict the health of complex
structures with multiple faults.
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