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ABSTRACT: Fault diagnosis of steam turbine is essential to predict further development and to anticipate it by taking
appropriate measures. Fault diagnosis of modern industrial power plants by human inspection is time-consuming and
expensive as well as fault diagnostic system modelling based on conventional mathematical tools is not suitable for ill
defined and uncertain system. Therefore, it is necessary to develop a knowledge-based intelligent fault diagnostic and
treatment system. The primary aim of the work is developing a fast and reliable fault diagnostic and treatment system
to assist plant operators. Averaging error of ANFIS is opted for fitness function of the genetic program. In this
diagnosis process, the fault diagnosis and treatment model has simulated using MATLab Simulink and obtain rules set
extracted by original neural network, ANFIS structure and genetically tuned dual-ANFIS. The comparative result of
fault diagnosis of different method shows that the mode of genetically tuned ANFIS has higher precision in comparison
to other knowledge obtaining methods.

KEYWORDS: Genetic algorithm, ANFIS, Integral square error, Steam turbine, Fault diagnosis.
1. INTRODUCTION

Due to manufacturing fault, improper installation and/or operation etc. causes unexpected and sudden production
failure that can leads to economic loss and safety problems. In view of this, the past successful diagnostic cases have
been recorded for the steam turbine. The past successful solutions may be considered as positive assistance in
differentiating the multiple possible fault diagnoses. To explore and maximize the use of human knowledge to derive
possible conclusions from inexact premises, a knowledge-based fault diagnostic system (genetically tuned ANFIS
technique) based on a combination of general fault analysis, machine and operator specific experience, and computer
simulation is presented in the work.

1. STUDY OF VIBRATION RELATED CONDITION SYMPTOMS OF STEAM TURBINE FAULTS

Cayrol (1982) represented that weighted fuzzy rule base gives a good use of knowledge derived from successfully
solving real problems and ranking (weights) them based on past experience. Lou et al. (2004) used an adaptive neural-
fuzzy inference system based on wavelet transform for the analysis of localized defects in ball bearings. Saxena et al.
(2006) suggested that bearing fault diagnosis and rectification technology based on artificial neural network (ANN) and
fuzzy technology has mostly used for fault diagnosis in the real systems. Samanta et al. (2006) has suggested artificial
neural network (ANN) and genetic algorithm as an effective tool for fault diagnosis of any rotating machine using time
domain feature of vibration.

Lee et al. (2007) has used adaptive network based fuzzy inference system (ANFIS) and genetic algorithm to find out
bearing fault of induction motor. Time domain and frequency domain features of vibration are used as input data for
bearing fault diagnosis. In the literature, an optimal fuzzy system based on vibration database of defective and normal
bearing has developed to investigate the learning process of ANFIS model and genetic algorithm has optimize the
ANFIS structure using the input-output data. Salahshoor et al. (2011) has presented fault detection and diagnosis
technique for an industrial steam turbine using adaptive neuro-fuzzy inference system. The pattern recognition ability
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of ANFIS can diagnose the steam turbine malfunctions through diverse set of possible faults that cannot be interpreted
by human expert due to combinatory nature of data. These investigations shows that ANFIS has an excellent quality in
extracting the information from complex and knowledge based nonlinear data sets through adaptive technique of
structure and genetic algorithm is a powerful tool for optimization or search processes of the fuzzy rule base system.
The major advantage of these techniques is to select the suitable configuration of fuzzy model.

Diagnosis may be defined as evaluating technical operating conditions based on considerable physical quantities, which
are sources of diagnostic symptoms. Due to rich information and well-developed procedure for data processing and
diagnostic information extraction, vibration related condition symptoms is most important for fault diagnosis of any
rotating machine. In principle, a new machine with no malfunctions (assumed to be in good technical condition) is
considered as the reference of condition symptoms. Bently et al. (2002) and Randall (2011) suggested that each
absolute frequency component is normally influenced by some operational parameters and can expressed potential
faults of steam turbine.

Table 1: Vibration Related Condition Symptoms of Steam Turbine Faults

Vibration Related Condition Symptoms
S. - - -
No Condition Causes Vibration Direction of Bearing Vibration
. . Absolute . Shaft .
Evolution - - Time Scale - With Increase of
Type Vibration Orbit Load and Speed
Component
1 Imbalance S(Tefet n:eitfircls ! Exponential Horizontal and A few hours Slightly Increase
(sprur?g shaft) P vertical to few weeks elliptical
incorrectly Complex
located of (usual_ly . A few
fluctuations Horizontal and .
2 Imbalance balanced superimnosed on vertical seconds to Elliptical Increase
weight of perimpose few minutes
rotor an increasing
trend)
Brocken or . A few
3 Imbalance corroded and Stepwise Honzon_tal and seconds to Circular Increase
vertical .
eroded blade few minutes
4 Imbalance rotor crack ellrﬁOZS;fl?[JI\il::E:r Horizontal and A few Slightly Increase
incrt:ase vertical seconds elliptical
. A few .
5 Imbalance Loose rotor Stepwise Honzon_tal and seconds to Sl!gh_tly Increase
disc vertical f - elliptical
ew minutes
Elastic or . A few
6 Rotor how temporary rotor Linear Horlzon_tal and minutes to Regular Increase
vertical
bow few hours
. A few
7 Rotor how F:g;cr]r:aﬁgvr:lt Linear Verg)((:ﬂland minutes and :\;2 r;:g; No response
few hours P
Steam induced Bearing . Horizontal and Afew Increase, highly nc_)i_sy
8 vibration roblem Rapid random vertical seconds to loop operation and sensitive
P few minutes to bearing oil pressure
. . A few .
9 Stea_m |nfjuced Steam trouble Rapid random Honzon_tal and seconds to Sl!gh_tly Increase
vibration vertical f . elliptical
ew minutes
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Elongated
Coupling of Horizontal, e'l:g'(;al
Turbine and vertical and A few (banrfna)
10 Misalignment generator, Complex high harmonic second to Increase
. . through bent
offset rotor component in few minutes -
; and finally
axle axial .
highly
flattened

The vibration related condition symptom deals with absolute vibration spectral components of frequencies, which is
determined by f = nfy, where f; is the fundamental frequency caused by rotational speed and relative vibration orbits.
Herein, first four harmonic (n < 3) and sub-harmonic (h < 1) components has taken into consideration to diagnose the
steam turbine mechanical faults. In malfunctions related to steam turbine applications, absolute vibration spectral
components corresponding to n > 4 are rarely accounted [Bently and Hatch, 2002 and Randall, 2011]. The typical
malfunctions of harmonic and sub-harmonic frequency ranges and their corresponding symptoms have been listed in
table 1. This work is based on qualitative diagnosis focussed on some mechanical faults associated to steam turbine,
neglecting the interference and considering vibration related condition symptom, such as absolute vibration spectra,
direction of vibration propagation, time scale evaluation of spectral component, shaft orbit and bearing vibration with
increase of load and speed.

1. GENETICALLY TUNED DUAL-ANFIS MODEL DEVELOPMENT FOR FAULT DIAGNOSIS AND
TREATMENT

To explore the optimum use of human knowledge and derive possible conclusions from inexact premises, a knowledge-
based genetically tuned ANFIS model is developed based on a combination of general fault analysis, machine and
operator specific experience, and computer simulation. The basic steps taken in the behavioural modelling process of
genetically tuned dual-ANFIS model are as follows:

Step 1: Formation of potential diagnostic and treatment rule conditions: To maximize the use of human
knowledge, past successful diagnostic cases have recorded and past successful solutions may be considered as positive
assistance in differentiating the multiple possible fault causes and their remedies. The sources of diagnostic rules for
qualitative diagnosis of mechanical faults are based on the considered vibration related condition symptoms of steam
turbine. The potential diagnostic rule conditions are focused on absolute vibration components, vibration evolution
type, direction of absolute vibration component propagation, time scale evaluation of spectral component, shaft orbit
and bearing vibration condition with increase of load and speed as given in table 2.

Step 2: Development and training of Dual-ANFIS system: Adaptive network based fuzzy inference system (ANFIS)
is mostly used to automate the knowledge acquired by human experts to controlling the system [Hoffmann, 2001]. The
adaptive nature of ANFIS is used for optimization of the input membership functions (premise parameters) and the
output membership function (consequent parameters).

Treatment Phase

X

Diagnosis Phase

hal
Diagnostic AM-IS Treatmant ANFIS
: (D-ANFJS) (T-ANEIS)
—>

/

Figure 2: Dual ANFIS architecture

Genetic Algorithm (GA) Tuning
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The dual-ANFIS model of steam turbine fault diagnosis consists of Diagnostic-ANFIS (D-ANFIS) and Treatment-
ANFIS (T-ANFIS). The dual-ANFIS model is characterized by the set of symptom-cause diagnostic rules. The
diagnostic and treatment rules are as follows:

If Symptom is A then Cause is B : Diagnostic-ANFIS

If Cause is B then Remedy is C : Treatment-ANFIS

In this model, T-ANFIS is used in series combination with D-ANFIS as shown in figure 2. Diagnosis-ANFIS take care
of the diagnostic rules extraction and T-ANFIS deals with the treatment rules extraction. The training error gives
justification of the optimization of developed ANFIS system.

Anfis Editor: DND_DANFIS - ol
File Edit View
— ANFIS Info. —
10 =
&=
8 & # of inputs: 5
= # of outputs: 1
# of input mfs:
= @ - 73472
=
S 4 @
-
2 @
@
0 M n N " ’ Structure
o 2 4 6 8 10 Clear Piot
Index
Generate FIS Train FIS [ TestFIS
Typs: ~ Optim. Method:
(@) Training -< \‘ Load from file hybrid ~ Pldl against:
) Teating (_) Load from worksp. Error Tolerance: (@) Training data
= (@) L i o ) i
Checking = Grid partition e ~ Testing data
c () Sub. clustering 20 Checking data
Load Data... | Generate FIS ... | Train Now fa—" Y a o — |
I Average testing error: 6.2049e-03 I I Help Close |

Figure 3: Training Errors of Developed Diagnostic-ANFIS

Table 2: Potential Diagnostic Rule Conditions for Fault Diagnosis and Treatment for Mechanical faults of
Steam Turbine

Potential Diagnostic Rule Conditions

Potential Treatment Rule Conditions

Condition | IF Symptom THEN Cause IF | Cause | THEN Remedy
1 2 3 4 5 6 7 8 9
1. 1 x fo component of absolute 1 Replace
vibration is exponential Shaft sHaft P
® 2. Change of absolute vibration material o
3 . . . Lo c 2. Check
S component is horizontal and vertical direction pd creep effect IS z anisotronic proberties of
= IF | 3. Absolute vibration component % (sprung IF =2 % pic prop
3 . . 9 shaft material
< will generate in a few hours to few weeks [ shaft) e =
- 4. Shaft orbit is slightly elliptical <
5. Increase of vibration at high
load and speed
1. 1 x fo component of absolute
vibration is complex. Usually fluctuation Incorrectly 1 Relocate
superimposed on an increasing trend located © W'ei hts
3] Change of absolute vibration balance c g
c . - - A = . £ = 2. balance
< component is horizontal and vertical direction i weights, 5 i
< L T ; IF = T rotor
rs 3. Absolute vibration component = Displacement S = 3 consult
E will generate in a few seconds to few minutes of balance 2 rﬁanu facturer
4. Shaft orbit is elliptical weights
5. Increase of vibration at high
load and speed
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Figure 3: Training Errors of Developed Diagnostic-ANFIS

Table 2: Potential Diagnostic Rule Conditions for Fault Diagnosis and Treatment for Mechanical faults of
Steam Turbine

Potential Diagnostic Rule Conditions

Potential Treatment Rule Conditions

Condition | IF Symptom THEN Cause IF | Cause | THEN Remedy
1 2 3 4 5 6 7 8 9
1. 1 x fo component of absolute 3\/0”] blades andF/%grplace
vibration is stepwise changes with increasing bucket
trend Corroded or © 2uc & Replace
§ 2. Change of absolute vibration eroded = broken blad bp ket
< component is horizontal and vertical direction E blades or § E roken blades of DUCKELs
[ IF IF =2 3. Clean
8 3. Absolute vibration component E buckets, S E blades and/or bucket
E will generate in a few seconds to few minutes Broken blade 2 4 ades and/o uc(::he i d
4. Shaft orbit is circular h P decf a(?
5. Increase of vibration at high change (if required) fee
load and speed water treatment method
1. 1 x fo component of absolute
vibration is stepwise changes with increasing
trend
2. 2 x fo component of absolute © 1. Proper warm-up
§ vibration is linear increasing trend > c > during starting of
< If 3. Change of absolute vibration i Rotor crack | IF g i turbine
3 component is horizontal and vertical direction E S E 2. Replace rotor
E 4. Absolute vibration component 2 3. Consult
will generate in a few seconds manufacture
5. Shaft orbit is slightly elliptical
6. Increase of vibration at high
load and speed
1. Repair the
1. 1 x fo component of absolute mounting of rotor and
vibration is stepwise changes with increasing shaft
trend © 2. Check
§ 2. Change of absolute vibration > c > misalignment of
< IE component is horizontal and vertical direction i Loose rotor IE g i shaft
8 3. Absolute vibration component E disc S E 3. Check steam
E will generate in a few seconds to few minutes 2 induced vibration
4. Shaft orbit is slightly elliptical 4. Consult the
5. Increase of vibration at high manufacture and
load and speed experienced staff for
proper mounting
1. 1 x fo component of absolute
vibration is linear changes with increasing 1. Adequate warm-
trend o up during starting of
3 2. ~ Change of absolute vibration Elastic or c > turbine
2 IE component is horizontal and vertical direction temporary IE g i 2. Reduce static
S 3. Absolute vibration component rotor bow S E friction by forced
& will generate in a few minutes to few hours oto 2 lubrication
4. Shaft orbit is regular 3. Consult
5. Increase of vibration at high manufacture
load and speed
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Figure 3: Training Errors of Developed Diagnostic-ANFIS

Table 2: Potential Diagnostic Rule Conditions for Fault Diagnosis and Treatment for Mechanical faults of
Steam Turbine

Potential Diagnostic Rule Conditions

Potential Treatment Rule Conditions

Condition | IF Symptom THEN Cause IF | Cause | THEN Remedy
1 2 3 4 5 6 7 8 9
1. 1 x fo component of absolute
vibration is linear changes with increasing
trend
2. Change of absolute vibration © 1. Adequate warm-
g component is vertical and axial direction > c > up during starting of
2 IE 3. Absolute vibration component w Permanent IE § w turbine
S will generate in a few minutes to few hours E rotor bow 3 E 2. Replace rotor
& 4. Shaft orbit is no response of 2 3. Consult
rotor manufacture
5. No response with increase of
load and speed
1. Check ail
supply
1. 0.5 x foand 3 x focomponent of gf oil to belgflrsgie flow
5 absolute vibration is rapid random changes 3 Drain oil and
IS 2. Change of absolute vibration ' .
o . . ; A replace with good grade
Es) component is horizontal and vertical direction lg of il as recommended by
3 3 Absolute vibration component g Bearin g g the turbine manufacturer
3 IF | will generate in a few seconds to few minutes u 9 IF =2 u -
S I roblem ] I 4, Clean bearing
3 4. Shaft orbit is loop type [ P e [ housing to remove dirt
£ 5. Vibration increases with < 5 9 Provide filter
§ increase of load and speed, highly noisy o.n lubrication inlet
& operation and sensitive to bearing oil pressure system
6. Replace
bearing if worn
1. Re-evaluate
piping
2. Install a
c 1. 3 x fo component of absolute fﬁ?g{?ltgr\;?saed of the
-% vibration is rapid random changes 3 Clean
5 2. Change of absolute vibration o sédiments of nozzle and
S component is horizontal and vertical direction > c > buckets
2 IE 3. Absolute vibration component i Steam IE § i 4 Test steam for
é will generate in a few seconds to few minutes E trouble 3 E sediment, acid or salt
c 4. Shaft orbit is slightly elliptical 2 5 Check proper
£ type opening of valve
2 Vibration increases with 6 Over speed
* increase of load and speed oberation P
7. Check
governor and governor
linkage for malfunction
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Figure 3: Training Errors of Developed Diagnostic-ANFIS

Table 2: Potential Diagnostic Rule Conditions for Fault Diagnosis and Treatment for Mechanical faults of
Steam Turbine

Potential Diagnostic Rule Conditions Potential Treatment Rule Conditions
Condition | IF Symptom THEN Cause IF | Cause | THEN Remedy
1 2 3 4 5 6 7 8 9
1. Check linear
1. 2 x fo component of absolute misalignment of rotor
vibration is complex axle
2. Change of absolute vibration 2. Check steam
= component is horizontal and vertical direction. Offset o turbine generator
2 High harmonic component in axial direction > rotor axle, c > coupling
= IE 3._ _ Absolute vibration component i couplin_g IE g i 3. _ Use proper
= will generate in a few seconds to few minutes E of turbine S E coupling
2 4. Shaft orbit is elongated generator 2 4. Realign driver
2 elliptical shape (banana) through bent and shaft with driven equipment as
finally highly flattened per manufacturer
5. Vibration increases with instructions
increase of load and speed 5. Consult the
manufacture

Diagnosis and treatment rules are generated using adaptive network based fuzzy inference system. The parameters and
complete structure of developed D-ANFIS structure are given as follows: Name: 'DND_DANFIS'; Type: 'sugeno’;
AndMethod: ‘'prod’ ; orMethod: ‘probor'; defuzzMethod: ‘wtaver'; impMethod: ‘'prod'; aggMethod: ‘'sum’

;Input:[1x5struct]; Output: [1x1 struct]; rule: [1x1176 struct]. The input variables of D-ANFIS are; input 1:
Vibration evolution type (VET), input 2: Direction of absolute vibration component prorogation (DAVC), input 3: Time
scale evaluation of spectral component (TS), input 4: Shaft orbit (SO), and input 5: bearing vibration condition with
increase of load and speed (BV). The output (fault cause) of developed DND_D-ANFIS is a linear function. The total
1176 rules base has developed by D-ANFIS structure to get desired outlet values. The developed ANFIS is the five input

and single output structure. After loading data, D-ANFIS structure is trained. The training error of DND_D-ANFIS
structure is 6.2049x107as shown in figure 3.

Anfis Editor: DND_TANFIS - o Il
File Edit View
— ANFIS Info. —
15
# of inputs: 1
# of outputs: 1

. 10 ® @& # of input mfs:

= @ 10

= @

S : =

@
@
@&
o = ; L : | structure |
1] - s & 8 10 Clear Piot
Index
Load data - ] Generate FIS Train FIS [ TestFIs

Type: From: Optim. Method:
(@) Training ) O Load from fio hybrid ~ Pt Agamst.
- = () fie ! Load from worksp. Error Tolerance: (®) Training data
(_) Testing o =
= Grid partition (__) Testing data
{_) Checking (®) worksp. = Epochs: =
= (__) Sub. clustering 30 )} Checking data
() Demo =

Load Data .. Clear Data Generate FIS .. Train Now 8 il

| Average testing error: 2.5981e-03 | I Help Close

Figure 4: Training Error of Developed DND_ T-ANFIS
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The parameters and complete structure of developed T-ANFIS structure are given as follows: Name: 'DND_T-ANFIS';
Type: 'sugeno’; AndMethod: ‘prod'; orMethod: ‘probor'; defuzzMethod: ‘wtaver'; impMethod: 'prod'; aggMethod: ‘sum’;
Input: [1x1 struct]; Output: [1x1 struct]; Rule: [1x10 struct]. The developed DND_TANFIS is the single input (fault
cause) and single output (remedy) structure. After loading data, T-ANFIS structure is trained. The training error of
DND_T-ANFIS structure is 2.5981x10°3. Figure 4 shows the training error of Treatment-ANFIS structure. The output
of developed DND_T-ANFIS is a linear function. The total 10 rule bases have developed by T-ANFIS structure to get
desired outlet values.

Step 3: Optimization of Dual-ANFIS Structure using Genetic Algorithm: Genetic algorithm is a powerful tool for
optimization or search processes of the fuzzy rule base system, since it has applied to find out the solution by
simulating the evolutionary process of survival of the fittest so that best member of population will retain. The
evolutionary process continues until the best solution is generated. The major advantage of these techniques is to
minimizing the modelling error by tuning and/or learning fuzzy rule base and obtains the efficient configuration of
ANFIS model for reliable fault diagnosis of steam turbine. Thus, genetically tuned ANFIS structure combines the
features of the fuzzy rule-based system, interpolative reasoning, and the evolutionary algorithms and has an excellent
quality in extracting the information from complex and knowledge based nonlinear data sets through adaptive
technique of ANFIS structure. Genetically tuned ANFIS model provides a much closer behavioural model of the steam
turbine to the real system [Dewangan et al., 2014]. Therefore, a genetically tuned ANFIS technique has suggested in
the work to minimize the modelling error and thus obtain the most efficient configuration of ANFIS structure that can
optimize the use of vibration related condition symptoms to develop a knowledge-based fault diagnostic and treatment
system.

The developed DND_D-ANFIS model has further tuned using genetic algorithm; a new ANFIS structure has obtained
and extracting same 1176 rules with different firing strength (weights). The new tuned D-ANFIS provides the error of
2.1261% 107 between input and corresponding target output. Similarly, developed DND_T-ANFIS model has further
tuned using genetic algorithm. After successful tuning of DND_T-ANFIS; the new tuned treatment-ANFIS provides
the error 7.5433% 107 between input and corresponding target output. Therefore, the genetic algorithm based tuning of
D-ANFIS and T-ANFIS provides much higher reduction in the error between input and target output as compare to
conventional ANFIS.

V. RELIABILITY ESTIMATION OF DIAGNOSIS AND TREATMENT PROCESS
After development of genetically tuned dual ANFIS model of knowledge based fault diagnosis and treatment system.

The flow chart for fault diagnosis and treatment system based on the vibration related condition symptoms is given in
figure 1.
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Vibration Related Condition Symptoms of
Steam Turbine Mechanical Faults

:
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D-ANFIS & T-ANFIS

v
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|
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of steam turbine
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Graphic User Rule’s Reliability and Rules
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3
Uze and Feedback

Put Forward for
Fault Diagnosis and Treatment Treatment Measure

Figure 1: Flow Chart for Fault Diagnosis and Treatment

For reliability estimation of presented genetically tuned model, a graphic user interface (GUI) has developed for
proposed work using the flow chart for fault diagnosis and treatment system based on the vibration related condition
symptoms as shown in figure 1, a graphic user interface (GUI) has developed for proposed work. For reliability
estimation of presented genetically tuned model, the complete graphic user interface (GUI) developed for proposed
work is shown in figure 6.

Suppose imbalance malfunction due to incorrectly located balance weight or displacement of balance weight is
considered for fault diagnosis. Let there is a rule:

Diagnosis rule: If 1xfy component of absolute vibration is complex, usually fluctuation superimposed on an increasing
trend, change of absolute vibration component is horizontal and vertical direction, absolute vibration component will
generate in a few seconds to few minutes, shaft orbit is elliptical, and an increase of vibration at high load and speed
Then imbalance due to incorrectly located balanced weight of rotor or due to displacement of balance weight
(0.87) OR If 1xfy component of absolute vibration is not complex or change of absolute vibration component is not in
horizontal and vertical direction or absolute vibration component will not generate in a few seconds to few minutes or
shaft orbit is not elliptical, and an decrease of vibration at high load and speed Then imbalance due to incorrectly
located balanced weight of rotor or due to displacement of balance weight (0.13).

Rectification rule: If imbalance due incorrectly located of balanced weight of rotor or due to
displacement of balance weight Then relocate weights and/or balance rotor and consult manufacture (0.86) OR If
imbalance due to incorrectly located balanced weight of rotor or due to displacement of balance weight Then
don’t relocate weights or don’t balance rotor and don’t consult manufacturer (0.14);

The weight or degree of the rules condition is supported by its firing strength (weight) given in the bracket for the
conclusion. There are the facts of the imbalance malfunction due to incorrectly located balance weight or displacement
of balance weight, acquired from industry fault data base are given as below:
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1) Imbalance due incorrectly located of balanced weight of rotor or due to displacement of balance weight
caused by 1xf, component of absolute vibration is complex and usually fluctuation superimposed on an increasing trend
and change of absolute vibration component is horizontal and vertical direction and absolute vibration component will
generate in a few seconds to few minutes and shaft orbit is elliptical and an increase of vibration at high load and speed
(0.89);

(2 Relocate weights and/or balance rotor and consult manufacture can solved the problem of imbalance due to
incorrectly located of balanced weight of rotor or displacement of balance weight (0.60);

L} - CEEE
Fault Diagnosis and Treatment for Mechanical faults of Steam turbine
Please Select the Conditions of the input Paramater for Fault Fault Diagnosis and Treatment Result
Diagnosis

Paramater VET Parameler DAVC Parameter TS =
1. Exponential v 1. Horizontal and v... v 1. Afewhourstof.. v Cause Found According to
Entered Parameter Conditions
is:
1. Shaft material creep effect
Parameter SO Parameter BY (sprung shatt)
1. Stightly elliptica. . v 1 Increase v

Rule Weight

APPLY DANFIS FOR DIAGNOSIS APPLY TANFIS FOR REMEDIES 088

Figure 6: Graphical User Interface of Fault diagnosis and Treatment System

(A) FIDELITY OF FAULT DIAGNOSIS AND TREATMENT PROCESS:

This section deals degree of reliability for fault forecasting and diagnosis process of steam turbine mechanical faults.
Maniezzo, (2006) and Geo et al., (2008) suggested a method to check the fidelity of diagnosis process. In the first step,
the process of diagnosis is finding the recognized frames of the faults of steam turbine.

Let X={P4, P,, P3} = THEN part problems

Here, P, denotes the fault causes, for considered case “imbalance due incorrectly located of balanced weight of rotor or
due to displacement of balance weight”. P, denotes reverse of P1. For considered case P, denotes “Not imbalance due
incorrectly located of balanced weight of rotor or displacement of balance weight” and P; denotes “there are the above
two problems have developed at the same moment”. Then, the probability distributes function for P, P,, and P3 has
obtained as following:

Diagnosis rule: If 1xf, component of absolute vibration is complex, usually fluctuation superimposed on an increasing
trend, change of absolute vibration component is horizontal and vertical direction, absolute vibration component will
generate in a few seconds to few minutes, shaft orbit is elliptical, and an increase of vibration at high load and speed,
then the degree of reliability of the rule’s condition supported for conclusion is (W,ye) = 0.87, and knowledge based
degree of reliability of the rule’s fact (Ws,c) = 0.86. Therefore the probability distribution function for P, is given by

m; ({P.}) = degree of reliability of rule’s fact (Ws) < degree of reliability of rule’s conclusion (W) = 0.86 % 0.87
=0.748

While, Degree of reliability of the rule’s condition supported for conclusion for P, is (We) = 0.13, and knowledge
based degree of reliability of the rule’s fact (W) = 0.86. The probability distribution function for P, is given by:

m; ({P.}) = the degree of reliability of rule’s fact (W) % the degree of reliability of rule’s conclusion (Wye)
=0.86 x 0.13=0.112.
my ({P1, P2, P3}) =1- my ({P1}) - my ({P,}) =1- 0.748- 0.112 = 0.140
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Rectification rule: degree of reliability of the rule’s condition supported for conclusion (W) = 0.86, and knowledge
based degree of reliability of the rule’s fact (W) = 0.60. Therefore the probability distribution function for treatment
are given by
m, ({P,}) = 0.60x 0.86 = 0.516,
m, ({P,}) =0.60x 0.14 = 0.084
my ({P1, P2, Ps}) = 1- my ({P.}) - m» ({P,}) =1- 0.516 - 0.084 = 0.400
Combine the two probability distributes function:
K=17{1-[mi ({P:}) x mz ({P2}) + m: ({P2}) x m, ({P. )]}
=1/{1-]0.748 x 0.084 + 0.112 x 0.516]} = 1.137
Therefore, degree of probability of P;:
m ({P1}) = K [my ({P1}) mz ({P:}) + my ({P:}) m2 ({P1,P2,Ps}) + my ({Py, P2, Ps}) ma ({P1})] = 1.137[0.748 x0.516 +
0.748x 0.40 + 0.140 x 0.516] = 0.861
And, degree of probability of P,:
m ({P2)} = K[ my ({P2}) ma ({P2}) + my ({P2}) ma ({P1, P2, Ps}) + my ({P1, P2, Ps}) my ({P2)}] = 1.137[0.112 x 0.084
+0.112 x 0.40 + 0.140 x 0.084] = 0.075
m ({P1, P2, Ps}) =1- m({P,}) - m ({P.}) = 1- 0.861-0.075= 0.064
Therefore, the degree of the reliability from the reliability function is given by:
Degree of reliability of P, = m ({P,}) = 0.861
Degree of reliability of P, =m ({P,}) = 0.075

(B) Diagnosis Conclusion:

From steam turbine fault diagnosis process, we find that the degree of the reliability of the truth of P,“imbalance due
incorrectly located of balanced weight of rotor or due to displacement of balance weight” is 0.861, and the non-
false of that is 0.925 (1-0.075). The degree of the reliability of the truth of P, (P, is the reverse of P,) is 0.075, and the
non-false of that is 0.139 (1- 0.861). Thus, it can be concluded that the rule conditions mentioned for considered case
are true. In this diagnosis process, the fault diagnosis and treatment model has simulated and obtain rules set extracted
by original neural network, rules set extracted from the ANFIS structure and rules set extracted from genetically tuned
dual-ANFIS. Similarly, reliability of other potential rule sets have determined and the average value of simulation
results are listed in table 7.4 for the comparison. The comparative result of fault diagnosis of different method shows
that the mode of genetically tuned ANFIS has higher precision. The genetically tuned ANFIS model has good ability of
generalization and noise tolerance.

Table 7.4: Comparison of Simulation Result of Different Methods

Traditional Neural Network (%) ANF(LZ)"”'V ANF(;Z;-GA
80 90.3 939

To estimate the practical reliability of developed genetically tuned dual-ANFIS structure, 50 past diagnosis cases of
different unit (each of 500 MW) of power plant has considered. Among the 50 diagnosis cases 43 cases have diagnosed
exactly. Thus the precision of the developed genetically tuned dual-ANFIS is 86%, but neural network based model has
precision 77% and dual ANFIS without using genetic algorithm has 82%. Therefore, using genetic algorithm for
obtaining the optimal configuration of the ANFIS model based on the given training data is a powerful method. Thus, it
can be concluded that the developed genetically tuned dual ANFIS model for fault diagnosis and treatment of steam
turbine is a one of the best method in field of knowledge based fault diagnosis system.

V. CONCLUSION
This work presents the genetically tuned dual-ANFIS model based on vibration related condition symptoms for fault

diagnosis and treatment of steam turbine. Genetically tuned ANFIS are simple and has better performance compared to
traditional knowledge obtaining methods and traditional neural network. Parameters and structure of the fuzzy model
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can be obtained on the basis of ANFIS and genetic algorithm. Averaging error of ANFIS is opted for fitness function of
the genetic program and the model can obtain a local optimal design with each selected training epochs. In this
diagnosis process, the fault diagnosis and treatment model has simulated and obtain rules set extracted by original
neural network, rules set extracted from the ANFIS structure and rules set extracted from genetically tuned dual-
ANFIS. The comparative result of fault diagnosis of different method shows that the mode of genetically tuned ANFIS
has higher precision in comparison to other knowledge obtaining methods. To get better predictions of steam turbine
fault, training data have collected from different types and levels of steam turbine conditions. A rich and reliable
database can upgrade liability of the proposed model.
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