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ABSTRACT

Electrical motor is a device that converts electrical tohaeical energy to perform a
specified job and it is very significaint any plant. Any sudden failure in an electrical
motor shall cause effect ahe plant performance anchonetaryloss to tle plant
Similarly, in a combined cycle power plantany criticalmotorswhere those moter

and loads must run norstop without failures. Any failure will eventually cause
downtime and production loss. Therefore, a proper maintenance philosophy and
analysis can lead to proper motor maintenance in line eptimized time andost.

This study evaluatethe condition of critical motor in combined cycle power plant
using vibration analysis with SKF Microlog GX Series CMXA 75. This study also
propose theprecision maintenance schedule subject to maintenaneeatichcost for
critical motor. A comparison between precision maintenance and predictive
maintenance cost of critical motor were establisiied critical motors were selected
which are Low Pressure Feedwater Pump Motor (LP&Rd Cooling Tower (CT) Fan
Motor. LPFW motor function to feed water tebtRecoverySteamGenerator (HRSG)

LP section whereas CT fan motor is used to cool down the condensate water coming
out from steam turbine condenser. The results of the vibration will reflect the
performance ofhle motorand the maintenance action plan needed to be taken if
required. Vibration data were collectedgravity energy (gEpeak to peak and mm/s
(millimeter per second). The data then analyzed through the SKF sofamdre
Microsoft Excel. Standard regsilfor motorless than 132kW sizejbration shall be

lower than 2.0gE and 2.0mm/s respectively depending on the motor specification and
its application. The maintenance cost is calculated and compared with the cost of
maintenance without this vibration apses. The cost comparison shows that,
performing vibration analyses and detecting the defect or root cause in earlier stage will
be cost effective compared to the defect worsen. By taking vibration data, the fault can
be predicted and detected in eathge and can be eliminated with lower cost compared

to without taking vibration data.
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CHAPTER 1

INTRODUCTION

1.1  Background

Electrical motor is a device that converts electreradrgyto mechanical energy
to perform a specified job and it is very significantmiany plantsor factory Any
sudden failure in an electrical motor shall cainspacton the plant performance and
large monetaryoss to thaplant Similarly, in a combined cycle power plant there a
many critical motors where those motor (loads) must rurstomwithout failures. Any
failure will eventually cause downtime and production loss. Howévisrimpossibé
for an electrical motor to run 24 hours for 365 days-stop. Therefore, a good
maintenance philosophgnd operation mentalityare needed to smoothen the motor

performance and reduce downtime in a combined cycle power plant.

Sudden catastrophic faikirof an electrical motor & combined cycle power plant
(CCPP) may lead to major downtime. Therefore, a proper maintenance philosophy and
analysis can lead to proper motor maintenance in line with optimized time and cost.
Catastrophic failure adinelectrical motor is the main concern of this proposed project
evaluate the maintenance with and withihigtprecision maintenanaproach. In this
precision maintenancéhe main tools used shak BKF Microlog GX Series vibration
analysis Thisvibration analysisapproach is mainly to eliminate or prevent machinery
failure repair Precision maintenance is the combination of preventive and predictive

maintenance.
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1.2

1.3

Problem Statement

Sudden catastrophic failure of an electrical motoa @dmbined gcle power

plant (CCPP) may lead to major downtime.

Therefore, a proper maintenance philosophy and analysis can lead to proper
motor maintenance in line with optimized time and cost.

Catastrophic failure of electrical motassthe main concern of this proposed
project and the best maintenance philosophy to approach those faults.
Preventive maintenance alone cannot reduce or eliminate these types of
catastrophic failures of electrical motBecause, the preventive maintenaisce

only limited to few parts of motor. It does not cover all the parts of motor.
Moreover, preventive maintenance is done during the motor shutdown.

Thus, predictive maintenaneeustbe implemented together with preventive
maintenance.

Combination of preentive and predictive maintenance is callg@cision
maintenanceand this will reduce the catastrophic failure to almost zero.

This project mainly focuses on the vibration analyses of an electrical motor and
its load. Eventually, witta propervibration survey an effective maintenance

can be done.

Project Objective

Electrical motor in a combined cycle power plant were selected for this analysis. The

SKF toolkits were utilized for this analysis as well. Below are the main objectives to be

achieved at the end of this project.

To evaluate the condition of critical motor in combined cycle power plant using
vibration analysis with SKF Microlog GX Series CMXA 75.

To propose precision maintenamaehedulesubject to maintenance time and
cost for critical motor.

To compare precision maintenance and predictive maintenance cost of critical

motor.

12



1.4  Scope of Work

Firstly, study the overall combined cycle power plant process which includes gas
turbine system,team turbine system, generator system, lube oil system, main cooling
system, secondary cooling system, essential power system, balanced of plant system,
and others. Then, identify the system with electrical motors that must be continuously
running withoutfailure. Any failure can affect the plant operation. Thus, two critical
motor have been identified and selected. First id.tve-Pressurd-eedwaterl(PFW)

pump motor and second is t8eoling Tower CT) fan motor. The LPFW pump motor
function to pump feeadater to low pressureddatRecoverySteamGenerato(HRSG)

section. This, process must be continuously running. This is because any, failure of this
pump will trip the boiler due to low water level the boiler and eventually trip the

steam turbine becaaof low steam production.

Secondlythe selected motor is theddling Towerfan motor. This Goling Towerfan

has two function.The main function is act as a heat exchanger for steam turbine
condenser. The low energy steam that flow out ftbenlowpressuresteam turbine
section willfall to the condenser. This steanustbe recirculated as it is a closed loop
system. Thus, this steam is cooled down and condensed to water then pumped back to
the feedwater tank. Therefore, this CT fan will reduce Hed exchanger water
temperature. This CT fan also indirectly functions to create vacuum for the condenser.
The more efficient the CT fan performance, the better the vacuum amount inside the
condenser. This vacuum is gipgoximate0.01 bara or dbwer. This va&auum is very

significant for a steam turbine to rumclosed loop successfully.

Based on the reasoning above, these two mentioned motors are very important. Thus,
the best maintenance mustdpplied tothese motors so that it is continuously running
without any catastrophic failure. Therefore, vibration analyses survey will be conducted
to perform best predictive and precision maintenance along with optimized cost of

maintenance.
Thus, vibration anales will be taken foa certainperiodin months and maintenance

will be performed accordingly. The motor performance and reliability will be measured

and monitored. The maintenance cost will be calculated. Both with and without

13



vibration analyses maintemee cost will be calculated and tabulated. With this, we can
verify that, performing vibration analyses through the overall maintenance cost will be
much lower compared to without the vibration analyses. Moreover, pugbision
maintenancéhe motor perfanance will be muchetter,and the reliability rate will be
higher.

1.5 Thesis Outline

Chapter lexplainedintroduction of the thesighe electrical motor ands importarce

to CCPP. The approach and meaning of condit@sed monitoring were explained.
Besides that, theibrationtools and software were brieflescribedand its functions
were explained. Typical problem of handling or performing maintenance to critical
eledrical motor in CCPP was explained. Project objective idastified,and scope of

work was described

In chapter 2of this thesis, a literature reviewn electrical motor predictive
maintenance, types of maintenances for electrical motor, preventivéensine,
condition monitoring, vibration monitoring for electrical motor and standerel®
presentedThe added advantage of this thesis vibration analysis compared to previous

papers waslsodescribed.

Chapter 3 of this thesis starts with the clead@axation of KLPP and its operating and
maintenance structure. The power plant equipment is explained. Then the critical
electrical motor in power plant and how it wasosenand its function were clearly
explained. Furthermore, the vibration site survegcpdure and flow work were
describedVibration data collection for electrical motors were explairiéee study for

two chosen electrical motor which is LPFW Pump Motor no.4 and CT Fan Motor no.4
and its technical specification has been done. Finally,vibheation survey was

conducted as per planned.
In chapter 4, the results were tabulated in grapliecadatand the vibration data was

analysed. The vibration survey, then the deteeinterpreted and analysed. The results

were compared with vibration diagnostics chart. Best recommendation to solve the

14



incurred problem is advised. The preventive maintenance was carried out to rectify the
identified problem. Finally, the vibration datasvtaken again to prove that the problem

is solved,and the motor is currently in good condition. All the vibration data collected
after maintenance were all good. The effect and cost comparison and study were done.
The return of investment study was aldone. Overall, this survey proves that
maintenance withvibration analysisis very much cost efficient compared to

maintenance withouwtibration analysis

Chapter 5 includes the overall conclusion of this thessome recommendation to

be added as sggstions for future work.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Therehave beemmany researcheiis literaturethat had discussed condition
monitoring in genera[l] and electrical motor conditiomonitoring In [2], an
intelligent diagnostic system based on stator current analysis and programmable logic
controllers(PLC) was used as condition monitoring tools for electrical motors other
than the conventional metho8everal factors that contributes to the motor failure
were detected through this stator current analysis and PLC such as thermal
overloading, overloading due to undesirable stress, unbalanced voltage, broken rotor

bars, bearinggilure, stator winding failure, and othd#j [3].

In order to detect motor failures, vibration signatures were monitored via
implementation of an Artificial Neural Network (ANN) i] [5] [6]. Here, the
vibration informatiorwastaken as input layer and was integrated with the ANN. This
is implemented as a predictive maintenateprovide information on the motor
condition which isunbalanced motor, misalignment motor, bearing fault, and others
[4]. The collected informatiomwasmerged with the ANN schematic and interpreted

accordingly as shomin Figure2.1
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Unbalance

Misalignment

Frequency
. Bearing Fault

Input Layer Hidden Layer Output Layer

Figure2.1  Schematic diagram of ANINt]

In [7], magnetometer meter measurement was used to monitor the motorhyealth
monitoring the frequency and detecf the broken rotor barddere, the miniature
triaxial geomagnetic sensor for condition monitoruags utilized. It was used as a
core for motor pedictive maintenancf8]. BMCO050 eCompass sensor from Bosch

Sensortec was used as shown in Fidupe

Figure2.2  Sample BMC050 eCompass Senggr
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The researchef8] [10] proved that specific vibration frequency can be monitored to
determinethe electrical motor stator winding deterioration. Thigbleelectrical
motor failureto be identifiedin advance antielp to preplan the maintenandé1]
[12]. The pluspoint of this technique is the potential of providing information related
to the air gap flux created by the winding deterioration as shown in F2gBitkat

would have beenot available through voltage or current monitoring.

_l’_
1,
V4
+ I,
Va
I

b
=

Figure2.3  Sample Stator Windg of an Induction Motor with Simulated
Deterioration9]

On the other hand, infrared thermography survey technique was used as a preventive
maintenance for electrical motor|[iti3] [14] [15]. Most of the electrical motor failure
problens were due tobad contact point, winding short circuit, overload, defects in
motor body or starter. The infrared camera was used to capture the motor terminal and
motor starter terminal for abnormal temperatures or hotspot. t&imperature

difference (ql) wasused ashe basidor the action plan as shownTable2.1.
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Table 2.1 Classification of Thermal Profile of Electrical Systefh3].

AT over | AT similar | Action required | Level of
ambient | equipment, priority
temperat | (°C)
ure, (°C)
= 4() =1

N

Repair 1
immediately -
major
discrepancy
21-40 - Monitor until 2
corrective
measures can be
accomplished
11-20 4-15 Repair as time 3

permits -
mdicates
probable
deficiency
Warrants 4
mvestigation -
possible
deficiency

1-10 I-

(WS

In this papef16], a better comparison between preventive and corrective maintenance
repair costwas establishedlhey tried to optimize the repair cost by providing the
maximized preventive and corrective maintenance schedtie. researchrs
concluded that preventive maintenance cost is much lower compared to corrective
maintenanceln [17] [18] the researcherstudied the temperature and vibration
analysis for electrical submersihteotor fault diagnosticsT'he faultanalysisin this

paper divided into two parts and integrated with temperature estimation technique as

shown in Figure 2.
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Temperature estimation

|

Signal injection-based technique

|

DC signal injection

AC signal injection

|

|

Model-based technique Other techniques
Thermal Electromechanical Current harmonic Complex space
model model spectrum method vector approach

\

\

Can be combined with advanced techniques
such as artificial intelligence or fine tuning

the model using measurement data

Low frequency High frequency
| |
Stator winding Rotor Rotor leakage
resistance resistance inductance
Stator Rotor
temperature temperature
Figure 24

Stator winding Rotor Thermal
resistance resistance model
Stator Rotor
temperature temperature
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The author of [19] [20] discussed the most significant part of an electrical motor
failure which is the bearings. In this work, envelope analysis of vibration sigisal

used to verify the existence of bearing defects. The global kurtosis and crest factor
signalswere used to dedct the bearing defecttnstantaneous frequency of motor

voltage was introduced to get trend of bearing condj@ah

On top of thatin [22] [23] an acoustics measurement was used to analyse the electrical
motor fault. Localizing the sound source through acoustics method allow
identification ofthe points of vibration to be measur&iezoelectric accelerometers
and data collector were used to measthe vibration signals in this paper which
eventuallywereused for condition monitorinf24]. A special acoustic camera with
special illustration as shown in Figuré&2vas utilized to collect the specific sound

componentssatabulated in Table 2.2

Table 2.2  Acoustic camera microphone characterisfg.

Parameter Value
Equivalent noise level: 27 dB(A)
Maximum equivalent sound level: 130 dB
Microphone Frequency response: 20 Hz-20 kHz

21
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principle of acoustic camefa2]

2.2

In this paper[25] [26], the significant difference and the effect pfeventive &
predictive maintenance compared with corrective maintenaece establishedlo
study this, researchers selected certain instrumentfiestdgroup performed the

predictive and preventive maintenance. Tdexondg r o u p

Types of Maintenance for Electrical Motor

di

~ Microphone 2

dnot

Sample view of acoustic camera from top, schematic illustration of

per f .

maintenance. The instrument failure rate for both indicates the difference of both

maintenance type. The instrument that was under preventive and predictive

maintenance tend fail v e r y

maintenance, the failure rate is very highe bathtub curve as in Figu2e [25] was

s el

dom. Wher eas

used as reference for this paper experiment.
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| T‘ ¥
Infant Mortalities Normal Aging

Random Failures

;

Machine Life - Years

Machine Failures

Figure2.6 SampleBathtub Curvg25]

2.2.1 Preventive Maintenance

This means the care and servicing by personnel for the purpose of maintaining the
specific equipment in good condition all the whitemaintain high reliability and
availability. Thisis done by providing proper and scheduled systematic inspection,
detection and correction of incipient failures either before they occur or before they
develop into major disasters. The laok preventive maintenance will lead to
catastrophidailure [27] [28] [29]. By comparing to predictive maintenance graph as
shown in Figure 2.8he normal random failures are highly elevated, and the normal

aging begins ader for this preventive maintenance graph as shown in Figure 2.7
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Machine Failures

Machine Life - Years

Figure 2.7  Effect of Preventive Maintenan§25]

2.2.2 Predictive Maintenance

Condition monitorind30] [31]or also known as predictive maintenance which collect
and compares the data and trend against known engineering limits for the purpose of
detecting, analysing, and correcting problem before failures occur. This will
eventudly prevent equipment from getting damaged seriously, the root cause can be
eliminated in early stages and reduce sudden failure rate §2%j¢82] [33]. Figure

2.8 predictive maintenance shows that the failures eatgauch lower compared to

Figure 2.7 preventive maintenance.
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Machine Failures

Machine Life - Years

Figure 2.8  Effect of Predictive Maintenand25]

2.3  Electrical Motor Vibration and Bearing

In this papef34], a review on various vibration analysis techniques used to monitor
the rolling element on bearings. Few techniques were reviewed in this paper such as
Fast Fourier Transform (FFT35], Short Time Fourier Transform (STFT), Wigner

Ville Distribution (WVD), Envelope Analysis (EAFigure 2.10 Wavelet Transform

(WT) and Empirical Mode Decomposition (EMD). The bearing fault signal were
obtained from few points which are normal state, imaee fault, ball fault, outer race

fault at different motor speeiihe basic Fourier Transform for vibration analysis were
explained in this papgB6]. In general case, a Fourier Transform of an arbitrary
function f(x) or sequene of amplitudeXn, is computed as follows in both the

continuous (1) and discrete (2) cases:
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o= @ et

(1)
N-1 _ N
szz;rne_t?ﬂ“ﬁ k=0,...,N—-1
n=0 (2)

In these equationd(x) is the continuous function being transforméd( is jhe
transformed function (witB-representing size of oscillations rather than distance from

the origin),Xnis one of a discrete sequence\odlata points, an¥kis the amount of

oscillation found in the kth frequency band of that sequence

Bague exteme

Billes
Bague interne

Cage

Figure 2.9  The component of bearirjg4]
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m * Laod Vibration Signal

W * Filtered Signal

* Envelope Extraction of
the Filtered signal

* Spectrum of Bearing
| Fault

Figure 2.10 Procedure for Envelope Analysis (E[Sp]

Whereas in this papgB7], zero sequence current spectrum were used to diagnose
motor bearing fault. The author used the Finite Element Method (ANSOFT
MAXWELL -2D) to diagnose bearing fault in three phase induction mbtathis
paper[38], the author sed the complete ensemble empirical mode decomposition
with adaptive noise (CEEMDAN) analysis of motorrent signature to detect bearing
fault in electrical motor. The CEEMDAN is used to decompose the stator current
signal into several independent ingimmode functions (IMF), then the most sensitive
IMF can be extracted, and this is very effective to study bearing outer race fault

detection as shown in Figure 2.11.
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Three- /_\
phase " /

I D.C

| —

Power !
Supply d
Stator current siznals Fxtract the
Y ¥ collected from the healthy .
T el i et variance of the
Antia-aliasing vl
Filter Y sensitive IMF
Decompose the stator curent +
signals using the CEEMDAN :
* - - Bearing health
A/D converter H' | [ Tdeatify the sensitive IMF _sanditin
containing the fault features identification
Signal acquisition Signal decomposition Fault identification

Figure 2.11 The proposed bearing fault detection block diagjarh

In this papef39], an improved techniquehich is Short Time Approximate Discrete
Zolotarez Transform (STADZT) has been used to identify the transient associated with
faulty bearing vibration sighe The author classified the bearing faults and their
defect frequencies to three group which are outer raceway faults, inner raceway faults

and ball or rolling element faults as shown in Figure 2.12 and Table 2.3.

Roling Elment Diameter Contact Angle P
N

\

Ier race

Bearing Pitch Diameter

Figure 2.12 Bearing detail$39]
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Table 2.3 Characteristics Frequencies of Bearj@g].

Name of Abbreviation  Equation Frequency
Frequency
Fundamenta FTF T [1- 13.18Hz
| Train .
Frequency {; A
(Cape
o cos
frequency) Hﬂ} ]
Ball Spin BSF BePE o 95.62 Hz
Frequency e
-
{N
—
Pd
2
COS |,’|£]} l
Ball Pass BPFO Nr 105.08 Hz
Frequency ?
(Outer race) “ § [1
Ba
Pd
x cos(f)) l
Ball Pass BPFI Nr 121.45Hz
F . — % 51
requency 2
(Inner race) + I,'E
Pd
% cos(f))]

The author used 626&7-H320B-JEM-SKF bearing for the research work. This
bearing is a deep grove type ball bearing with follovgpgcifications:
1 Inside diameter = 17mm
Outside diameter = 40mm
Race thickness or width = 12mm
Ball diameter (Bd) = 5mm
Pitch diameter (Pd) = 35mm

No of rolling elements (Nr) =8

= =4 4 A -—a -2

Contact angle (beta) = 60 radians
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2.4 Vibration Monitoring for Electrical Motor and Standards

Like this thesis, her§40] [41] [42] the researcheralso used the vibration analysis
technique to identify and eliminate the root caofmotor failure[43]. In this paper
[44], the vibration spectrumvasused to determine the mass unbalance proilignm
the motor and the load. Standard vibration according to ISO 1D84$ shown in
Table2.4 andTable2.5) was used as reference similar to this thp$[46] [47].

Table 24 General Guideline 1ISO 1081b[45] [46].

Driver Fans Pumps with multivane impeller Other Machines
Capacity Industnal Separated driver Integrated driver
Centrifugal | Mixed flow | Axial flow
1S010816-3 1S010816-3
>300kW Gri ol
1SO10816-3 1S010816-3
<=300kwW
Gr.3 Grd 1S010816-3
Gr.2

>15kwW  |ISO14694 BV-3

<=15kW 1SO10816-1 Class [ (¥1)

Table 24 indicates the standard that each machine belongs to base on the power rated.

For example, for a fan with power more than 300kW, thus the standard that must be

referred to is 1SO10818 Gr.1
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Table 25 ISO 108161 Standards for Mechanical Vibratip45] [46].

Velocity | 1SO10816-1 1S010816-3 (Rigid support basis) 1SO14694
mm/s Class-| Gr.28&4 Gr.1&3 BV-3
0.71
14 B
18
B
23
C
28 B
C
45 Start-up
C
1.1 0 D Alarm
90 D Shut-down

The main standard for this vibration analysis survey which was taken as reference is
ISO 108161 and ISO 1081@. The ISO 10814 replaces the 1SO2372 as a general
guide outlining measurement and evaluation of mechanical vibration in typical
industrial machinery.For vibration survey, there are mainly two main sets of
parameters which is enveloping frequency measure in gE units and velocity vibration
measured in mms/units. The enveloping frequency indicates the severity of bearing
defect or severity of the vibration defect. Whereas, velocity vibration indicates the
source of vibrationAs per the ISO 10816 the vibration measuremenfgelocity
Acceleration) caroe categorized into four classehe classes mentioned are related

to the Table & zone boundarie8].
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Class 1 indicates that machines may be separated driver and driven, or coupled
units comprising operating machinery um tapproximately 15kW
(approximate 20HP).

Class 2 indicates that machinery (electrical motors 15kW(20HP)) to
75kW(100HP), without special foundation, or rigidly mounted engines or
machines up to 300kW(400HP) mounted on special foundations.

Class 3 indicateshat machinery are large prime movers and other large
machinery with large rotating assemblies mounted on rigid and heavy
foundations which are reasonably stiff in the direction of vibration.

Class 4 indicates thatachinery includetarge prime movers another large
machinery with large rotating assemblies mounted on foundations which are
relatively soft in the direction of measured vibration (ex: turbine generators

and gas turbine greater than 10MW output).

Table 26 Vibration Zone Boundaries accorditgClasse$48].

Velocity
Severity Velocity Range Limits and Machine Classes
Large Machines
mm/s in/s Small Machines Medium Rigid Supports Less Rigid
RMS Peak Class I Machines Class Class 111 Supports Class IV
11
0.28 0.02
0.45 0.03
0.71 0.04
1.12 0.06
1.80 0.10
2.80 0.16 | Unsatisfactory
4.50 0.25 alert Unsatisfactory
7.10 0.40 alert Unsatisfactory
11.20 0.62 alert Unsatisfactory
18.00 1.00 alert
28.00 1.56
45.00 2.51
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Besides the velocity vibration, enveloping frequency also has their own limits and

standardsThe enveloping frequency limits are shown in Table 2.

Enveloping
Severity

Table 27

Enveloped Acceleration in gE8].

Shaft Diameter & Speed

: peak
to

Dia. between 200
& 500mm and
Speed <500rpm

Dia. Between 50 & 300 mm
& speed between 500 &
1800rpm

Dia. Between 20 &
150mm & Speed is cither
1800 or 3600rpm

LI
(-l)ll('

Good

alert

alert

Besides that, ISO 108i%also playa significant role in this vibration survey. Below

is the machine group classification for velocity measurements

1. Group 2 & 4: Group 2 and 4, is for medium size machines and electrical
machines with shaft height in between 160mm and 315mm. These machines
are normally equipped with rolling element bearings, but may use sleeve
bearing, and operate at speed aboveré00lution per minute (rpmjrhese
machines also include pumps with multi vane impeller and with integrated
driver.

2. Group 1 and 3, is for largaachinery and electrical machines with shaft height
greater than 315mm. These machines usually use sleeve bearings or rolling
element bearings. These machines also include pumps with multi vane

impeller and with integrated driver.
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On top of that, founation criteria also plagnimportant role in this vibratioanalysis

severityas mentioned in Table&[48].

Table 28 Relation between Vibration Class and Foundaf@).

Rigid Foundation | Flexible Foundation
Group 2 &4 | Alert: 2.8mm/s Alert: 4.5mm/s

Danger: 4.5mm/s| Danger: 7.1mm/s
Groupl & 3 Alert: 4.5mm/s | Alert: 7.2mm/s
Danger: 7.1mm/s| Danger: 11mm/s

Table 28 explains whether the rotating machines is categorized in which velocity
trend group to select its threshold in SKF software. For example, an electrical motor
rotor shaft length of 180mm on a concrete base platform, will be in group 2 & 4 where
their alertlevel is 2.8mm/s and danger level of 4.5mn8scondly the enveloping
frequency severity also classified based on the machine speed and its shaft diameter

as mentioned in Table2[48].

Table 29 Enveloping Frequency and Range48].

Alert Danger

Class 1 (shaft speed < 500rpm, shaft diamet 1gE 29E
between 200mm and 500mm)
Class 2 (shaft speed between 500rpm and | 2gE 49E

1800rpm, shaft diameter between 50 and
300mm)
Class 3 (shafpeed either 1800rpm or 4gE 10gE
3600rpm, shaft diameter between 20 and
150mm)
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Table 28 and 29 is used to check the measure motor vibration threshold is within
which range. For examplea, 2pole motor with speed of 2985rpm will have an alert

level of 4gE and danger level of 10gE threshold by referring to Tahle 2.

2.5 Advantages ofVibration Analysi sin this thesis

Many past researchersexplored vibration analysis technique as predictive
maintenance, however table 2.10 distinguish the different between those papers

compared to this thesis. Few added values are implemented into this thesis.

Table 210  Research Gap Analysis

Past Research Papers Improvement

Most papers only explored one type | This thesis will combine both predictiv
maintenance, either preventive |and preventive ah come out with
predictive maintenancg20] [39] [35] | precision maintenance

[9] [2] [22] [44] [41].
Al Papers didnot g Maintenance cost comparison betwe
analysig13] [34] [35] [9] [22] [21] [44] | with vibration analysis and withou

[38]. vibration analysis

2.6  Pay Back Period (PBP)

The payback period is the amount of time required for cash inflows generated by a
project or spend for an equipmemd offset its initial cash outflovor its initial
investmentPayback periof49] can be calculated in two different methods wiaoé
1 Averaging method. Divide the annualized expected cash inflows into the
expected initial expenditure for the asset. This approach works best when cash
flows are expected to be steady in subsequems.yea
1 Subtraction method. Subtract each individual annual cash inflow from the
initial cash outflow, until the payback period has been achieved. This approach

works best when cash flows are expected to vary in subsequent years. For
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example, a large increasecash flows several years in the future could result

in an inaccurate payback period if using the averaging method

2.7  Chapter Summary

Many researches can be found for preventive and predictive maintenance, but this
paper will combinghe predictive and preventive maintenance and perform precision
maintenance. With this precision maintenance, zero failure rate could be aclfieved.
comparison between the cost of maintenawad vibration analysisand cost of
maintenance withoutibration analysis which was not beeexploredby previous

research papsr
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CHAPTER 3

METHODOLOGY

3.1 Kuala Langat Power Plant

Kuala Langat Power Plant Sdn Bhd, KLPP is formerly known as Genting Sanyen
Power Sdn Bhd. It started in 1995 with 720MW gas fired combine@ @yaher plant in
Kuala Langat, Selangor. This power plant is among the five initial independent power
producers (IPP) in Malaysia, selling electricity to Tenaga Nasional Berhad, the national
utility company. In October 2012, 1 Malaysia Development BeridDB) acquired
Genting Sanyen Power and in March 2013 the company name officially changed to Kuala
Langat Power Plant Sdn Bhd. In February 2016, China General Nuclear Power
Corporation and its subsidiaries (China General Nuclear Power Group) acquired 1MDB,
and its entire power assets under Edra Global Energy Sdn Bhd and its subsidiaries. Kuala

Langat Power Plant is one of the power assets under Edra Power Holdings Sdn Bhd.

KLPP combined cycle power plant comprise mainly of 3 units of Alstom 13E2 Gas
Turbines, 2 GE Frame 5 and Frame 6 Gas Turbines, 5 HRSG and 1 unit of Alstom Steam
Turbine. The 720MW natural gas fire CCPP with distillate as standby fuel supplies power
to TNB on a base load dispatchable basis under a 21 years Power Purchase Agreement,
signed on January 1994. This initial PPA which expired in 2016 was successfully
extended to another 10 years until February 2026. Besides providing electricity power to
grid, theplant also supplies process steam and power to the adpzgarmill factory,

making it a Combined Cycle G@Beneration Plant in Malaysia.
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3.2 Site and Motor Selection

KLPP was chosen to be the CCPP site survey for this project mainly becaufvof
criteria.Firstly, is because the author is one of the condition monitenggeerst this
plant thus the vibratiormeasurement system fiamiliar to the authar The vbration
survey shall be very systematiss the author is aMaintenance Engineeat KLPP,
cdlecting data for the mentioned electric moteere very convenienCCPP has many
significant electric motors which contributes to the plant performance. Baseid awo
critical electrical motor were selectedhich are theLow-PressureFeedwater Pump
Motor (LPFW) andhe Cooling Tower (CT) Fan Motor. LPFW motor functsto feed
water tothe HRSG LP section wheredabe CT fan motor is used to cool down the
condensate water coming out frothe steam turbine condenseAn energy or
performance calculation can be done for this both motors. If either one motor fails to

perform its function, then the plant might tripitsr power capacity reduced.

P SPT FU tank080.199 pOil Operation

»43Gas Operation

FG FUT Level control
10FG

‘ﬁ‘ FG FWP B16 FG HP FuP
FG MANUAL 03FG
gg {ANUA }._' }_‘ }_J(Mr

Figure 3.1  TheLPFW motor inthe HMI of the CCPP
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Figure 3.2  TheactualLPFW motoron ste at theCCPP

As shown in Figure 3.and Figure 3.2yellow circle), KLPP hafour units oftheLPFW
motor. Three units abhe motor wil be operatingand one unit will be on standby. The
red indicationn Figure 3.1shows motor is running whilehegreen indicattn shows the
motor is off and standby. Th@peline pressure after the LPFW motor must be around
15-20bar, so that all three units of HRSG can be fully operating whelplant on base
load (around 660MW)Sudden catastrophic trip of any one or twidhe LPFWmotor
shall affect the overall MW output dfi¢ plant.
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i Main Cooling Mater - Overview

GT13 [ V] GT14 V] GT15 [ ] | ST 12 usC 12 BOP
I s

HRSG13 HRSG14 HRSG15 HRSGie i MCU

CT5| [Cr4)ers| [crz [cr 0 Ev
78 | |7 e S| (72 | 7y | AASEY PO MU Svstes

. “\

(Z) Lf' /\ FG
H._J l_r_l H_j L!__l OLZJ MCUW Pm

03

FGCTFans W
Cr 10, [Cre ; "
80 79 (T)gbe cleaning system! .-
e Backwash Mode

FG MC¥ Blowdoun
06 ‘

Makeup Water Pump 1 ORDER OFF High Limit
Makeup Water Pusp 2 ORDER OFF 81

Lov Limit
- .7
< sgzr)

—

Figure 3.3  CT fan motor inthe HMI of the CCPP

As shown in Figure 3.3 (yellow marked), KLPP has 10 units of CT fan motor. All the 10
units will be running continuousl¥f. any two consecutive units giemotor trippedthus

will affect the plant overall output. This is because, the CT fan motor aésfasseveral
functions. First is to cool down the low energy steanthinsteam turbine condenser.
Second is to createvacuum pressure (0.d801bara)insidethe steam turbine through
thecondenser. Thirdlyif is used as a secondary (additional) coglsystem fothe gas
turbine lube oil system and generator winding cooling systéms, all10 units ofthe

motor must be well maintained to avoid catastrophic failure.

The LPFW no.4 and CT fan nowasrandomly chosen. The vibration survey was done
for all the motors, however only no.4 some abnormalities detected. Thus, choosing those
motors will be more reasonable compared to choosing different motor which has no

abnormalities.

40



3.3 Tools and SoftwareBackground

This project will mainly collect and analyse electrical motor vibration data and relate it
to maintenance. For this vibration data, the megiipment to baised isthe SKF
Microlog GX series data collector/analyser (firmware version[48]) The part number

of this equipmentis 3229850€EN with revisionC manual. This GX Series Microlog
device as shown in Figure 3$used to collect and analyse vibration datas device

Is used to collectll rotating machineryvibration, temperature and other condition

monitoring measurements.

This GX Series Microlog system consists of three components \&tach
U GX Series Microlog Data Collector
U Application modules installed on the Microlog Data Collector

0 A host computewith Aptitude Analyst Software and Reporting Software

Figure3.4  SampleAptitude Analyst Spectrum Display

Sample measurement as shown in Fi@didewill be used to analyse the vibration data.
The frequency will reflect the source of vibration or also indicate what is vibrating. The
amplitude reflects the strength the vibration or how severe is the vibration. These two

parameters are standard for gsalg vibration trend.
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