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INTRODUCTION

Machinery Testing
& Trials Unit
(MTTU)
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CONDITION BASED MAINTENANCE (CBM)
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SLN MAINTENANCE PHILOSOPHY

THE PARADIGM TRANSITION

|
: SLN Hybrid Maintenance Model ,

Y o s

| Preventive _ Predictive
| 2019 i2030
: i
-CBM Phase | CBM Phase Il !Complete
'Commenced Commenced iTransition to
CBM
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CBM CAPABILITY OF MTTU

A Total CBM Solution

TECHNIQUE AVAILABILITY
Vibration Analysis v

Ultrasonic noise analysis
Oil Wear Down Analysis

Oil testing
Thermography

Non Destructive Testing
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Resistance to Failure

P-F CURVE & CBM APPLICATIONS

Time E< P-F Interval --—>:
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Ulitrasound

Infrared

’ Audible Noise

Oil Analysis
Vibration
Q 7 Hot to the Touch
PdM Detects
Problems Early
Broken k—*

Predictive Domain

quipment Condition—I

E

Fault Domain

Cost to Repair

Time




CBM TECHNIQUES
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VIBRATION ANALYSIS

“VIBRATION IS THE MOTION OF A BODY ABOUT A REFERENCE POINT
CAUSED BY AN UNDESIRABLE MECHANICAL FORCE”

Applications Rotational
Resiimrianldi

> Rolling element defects | Relative to Baseline

» Mass unbalance

» Misalignment

» Mechanical looseness

» Defects with gears
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VIBRATION ANALYSIS
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» Vibration Analysers

www.cmetsl.lk

VIBRATION ANALYSIS
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» Trend Analysis

VIBRATION ANALYSIS

List of measurements = € Vibration&ProcessI Dill Pictures Diag./Reco, | Actions | Archives I

On-line

Dates i Operating RS RI34

I Parameters
[ 14/06/2010 14:28:
[ 14/06/2010 13:56:

[~ 14/06/2010 1 PSS
[ 12/06/2010 13:50 OL Acceleration 2(

[ 26/05/2010 O : OL ¥Yib Vel 2-1000I

[~ 25/05/2010 20:11
[~ 24052010 20:
[ 23/05/2010 08:11
[~ 22/05/2010 20
[~ 21f05/2010

[~ 20052010

[ 19jos/2010

[~ 18/05/2010

[~ 17josf2010

[~ 18fosf2010

[~ 1sfosf2010

[ 14fo5/2010

[ 13jos/2010

[~ 12fos/2010

[ 11jos/2010

[~ 10/05/2010

Filter (+

[~ o07josf2010
[~ 08/05/2010
[~ 05/05/2010
[~ o04fosf2010
[~ 03j05/2010
[~ ozjosfz010 01/02/201

M Parc Equipements™1_Press section'RI 31 30 TS
| Point fonctionnement--R-+045
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[¥ Inhibited

Lx 11

eed 1l 34 [Hz)

Day
06/14/2010 16:09:56

|~ Mot monitored

RI 31 30 TS Point fonctionnement I_j

C1 01/26/2010 23:21:50
314Hz

C2 02002/201012:41:43
3.21Hz

C3 03M0/201007:32:45
3.21Hz

C4 03/30/201008:15:42
3.21Hz

C5 0441172010 15:56:03
3.31Hz

C6 04/21/201003:57:40

» Spectrum Analysis

= Spectrum

- Pump P2

f

-df




VIBRATION ANALYSIS

Comparison of Vibration spectrums
Gearbox Free Ends

2017 (past records) to

Imbalance (static)

Imbalance (co

Standard Spectrum Plot for Imbalance

www.cmetsl.lk

Port G/B F/E

Stbd G/B F/E
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VIBRATION ANALYSIS

Observations upon
Dismantling

« Port Coupling
sheared off

« Stbd Coupling needs
dynamic balancing

www.cmetsl.lk 14



SAFE OPERATIONAL CRITERIA FOR SLN

Category 1 - Advanced Off Shore Patrol Vessel (AOPV)

400 rpm 770 rpm 1050 rpm
Average Alarm Average Alarm Average Alarm
0.20 1 0.92 2 1.61

1.66 4 5.12 9.20
0.10 1 0.38 0.54
0.08 0.5 0.32 0.47
0.11 0.5 0.78 1.67
0.35 1 0.72 0.78
0.24 1 0.86 1.45
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> BASIC OIL ANALYSIS
Health assessment of oill

www.cmetsl.lk

OIL ANALYSIS

» WEAR DOWN ANALYSIS
Health assessment of machlnery

16



OIL ANALYSIS

» Oil Wear Down Analysis (WDA)

Thermo

N ermo - iCAP 7200 ICP-OES Radial
S CI ENTI F I C

Oil Spectrometer, USA

www.cmetsl.lk
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OIL ANALYSIS

80
372.40 28.30 87.00 372.40 28.30 99.00

20368.30  20397.00 20455.30 20368.05 20396.35 20467.05 *0

40

Max.

o 20
Permissible —_
Limit 0 — -

Fresh Oil 372.40 28.30
80 2.925 7.278 Sample
10 <1.000 < 1.000
15 <1.000 4918 80
20 <1.000 2.746 70

60
20 <1.000 < 1.000 50

75 15.901  32.860 40

10 1.001 1.916 30

10 <1.000 <1.000 . /\Z/K
0 w

Elemental Concentration as per ASTM D 5185 (ppm) freshOil 37240 2830 87.00

Sample
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OIL ANALYSIS

Observations after Dismantling

a. Metal particles in lub oil sumps.

b. Port crankshaft inner stop ring (thrust ring) worn out
and cracked.

c. Stbd crank shaft inner stop ring worn out.

d. All main bearings of both M/Es slightly scrapped and
edges sharpened.

www.cmetsl.lk 19



OIL ANALYSIS

» Basic Oil Acceptance Testing

Kinematic Viscosity — ASTM D 445

Water Content — ASTM D 95

TAN/ TBN Test — ASTM D 2896/ D 4379
Drop Test (Blotter Paper) — ASTM D 7899
Flash Point — ASTM D 92

Insolubles — ASTM D 893

www.cmetsl.lk
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OIL ANALYSIS




OIL ANALYSIS

Flash Point Tester
As per —ASTM D 92

Insoluble Testing
Centrifuge Water Content Tester
As per—ASTM D 893 As per—ASTM D 95

www.cmetsl.lk 22



INFRARED THERMAL ANALYSIS

“INFRARED RADIATION (IR) IS NOT DETECTABLE BY THE HUMAN EYE, AN
IR CAMERA CAN CONVERT IT TO A VISUAL IMAGE THAT DEPICTS
THERMAL VARIATIONS ACROSS AN OBJECT OR SCENE”

\ W o oz 10 M0 03 126 °C QFLIR- &

www.cmetsl.lk
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INFRARED THERMAL ANALYSIS

» Applications
Mechanical Inspection
Electrical Inspection

|

www.cmetsl.lk 24



INFRARED THERMAL ANALYSIS

¥
180918 @4:54:2@

THERMAL IMAGE OF SHAFT BEARING

VISIBLE LIGHT IMAGE OF MARINE GEAR BOX THERMAL IMAGE OF MARINE GEAR BOX
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INFRARED THERMAL ANALYSIS

INFRARED THERMAL IMAGE

210

200 - -
130 ”~ £ y

1s0 . =

170 A - -

1s0 > =1 H

1so - - =X
140 =

10 =
120 . j
110 15

100 -

S0 = =

S0 . 3 -

INFRARED THERMAL IMAGE VISIBLE LIGHT IMAGE

www.cmetsl.lk 26



INFRARED THERMAL ANALYSIS

max 35.0 °C———=————=—438 §

SFLEIR o 30.7 —

INFRARED THERMAL IMAGE VISIBLE LIGHT IMAGE
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ENGINE DYNAMIC TESTING

Amplitude demodulation

Constant bandwidth analysis

Octave band analysis

Peak value (peak value) analysis
Proximity analysis

Spike energy

Time synchronous averaging analysis

www.cmetsl.lk
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ULTRASOUNDS DETECTION

“ULTRASONIC ANALYSIS HELPS DETECT CHANGES IN SOUND PATTERNS
CAUSED BY PROBLEMS SUCH AS WEAR, FATIGUE AND DETERIORATION IN
MOVING PARTS”

www.cmetsl.lk
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ULTRASOUNDS DETECTION

» Some of applications
Bearing inspection
Steam traps inspection

Electrical inspections
| > -

Defective Bearing

www.cmetsl.lk

Leakages inspection
Valves inspection

Actual Defect (Outer Ring Fractured)

30
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ULTRASOUNDS DETECTION

Defected Insulator

6/17/2015 11:15

31



INTEGRATED CBM TECHNIQUES

» Laser Alignment
» Dynamic Balancing

» Non Destructive Testing

www.cmetsl.lk
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INTEGRATED CBM TECHNIQUES

» Laser Alignment

Diagnosis of a Misalignment & il \= .fi‘ﬁ |
Through Vibration analysis I l{ P W

&
Integrate using Alignment

www.cmetsl.lk
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Vertical result

Offset

L= 0.046 .ﬁ

mim

Angle
U= 0125

mmi150 mm

Horizontal result

Offset

= B 0324 il

mim

Angle
A 0703

mmi150 mm

Before Alignment

www.cmetsl.lk

INTEGRATED CBM TECHNIQUES

Vertical result
Offsat

mm
Angle

= 0021

mmf 150 mm

Horizontal result

Offset
== _0.004 -w
mm
Angle -
Y= _0.006 ﬁ

mm/150 mm
MF1 MF2
"= -0.023 -0.011

After Alignment
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INTEGRATED CBM TECHNIQUES

» Dynamic Balancing

Diagnosis of Rotor Unbalance
through Vibration Analysis
&
Use integrated Balancer Module

www.cmetsl.lk
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INTEGRATED CBM TECHNIQUES

Vibration values are decreased on after dynamic balancing

After Balancing — 4.61 mm/s

www.cmetsl.lk
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INTEGRATED CBM TECHNIQUES

» Non Destructive Testing

Visual testing

Liquid penetrant testing
Magnetic particle testing
Ultrasonic testing

Eddy current testing
Radiography testing

www.cmetsl.lk
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INTEGRATED CBM TECHNIQUES

MPT UT

www.cmetsl.lk
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INTEGRATED CBM TECHNIQUES

LPT
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PROSPECTIVE ANALYSIS OF
CBM TECHNIQUES
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COST EFFECTIVENESS OF CBM

The "Iceberg” Model

Labor, Materials,
Contracts, Overheads

Direct (traditional)
maintenance costs

Indirect (hidden)
Maintenance costs =
Up to 5x direct costs

www.cmetsl.lk 41



EFFECTIVENESS OF CBM
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REGRESSION ANALYSIS METHOD

A WAL
(FEA)

www.cmetsl.lk



FINANCIAL EFFECTIVENESS ANALYSIS
(FEA)

QUANTITATIVE ANALYSIS
Cost & ROIs of CBM Programme — VA Section

YEAR 2018  YEAR2019  YEAR 2020 YEAR 2021
Capital 39,834,257.35 39,972,198.82 39,161,617.74  17,798,388.81 25000000 ¢ mCAPITALCOST
cost

Annual 1,000,000.00 212,289,900.00 68,100,000.00  25,400,000.00 20.000 000 V WANNUAL COST
has SAVING

cost

mTOTALROI

o 15,000,000 |/
Total ROl 1,000,000.00 213,289,900.00 281,389,900.00  306,789,900.00

10,000,000 [~

5,000,000 (]

YEAR YEAR YEAR
2019 2020 2021
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FINANCIAL EFFECTIVENESS ANALYSIS
(FEA)

QUANTITATIVE ANALYSIS
Cost & ROIs of CBM Programme - Oill Section

YEAR 2018  YEAR 2019 YEAR 2020 YEAR 2021

Capital 5,233,786.33  5,682,008.59  8,046,256.40  3,958,873.13  300.000,000
cost

Annual 3,000,000.00  7,515,000.00  4,200,000.00 5,875,000.00 @ 2°0,000,000
cost saving 200,000,000 - mANNUAL COST

Total ROl 3,000,000.00 10,515,000.00 14,715,000.00  20,590,000.00 | SAVING
150,000,000

mCAPITAL COST

100,000,000
50,000,000

0

YEAR
2020
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FINANCIAL EFFECTIVENESS ANALYSIS
(FEA)

QUANTITATIVE ANALYSIS
Cost & ROIs of CBM Programme — NDT Section

YEAR 2018 YEAR 2019 YEAR 2020 YEAR 2021
Capital cost  3,212,327.63  2,584,841.38 1,529,116.35 721,005.58

20000 00 AADITAI AAC
Annual cost  1,473,000.00  3,698,000.00  4,060,000.00  9,520,000.00 ?ggggggg "CAPITAL COST
saving s

Total ROI 1,473,000.00 5,171,000.00  9,231,000.00  18,751,000.00 1 :gggggg mANNUAL COST

12,000,000 SAVING

10,000,000

8,000,000 | TOTAL ROI
6,000,000
4,000,000
2,000,000
0
YEAR YEAR YEAR YEAR

| Source: SLN Records ] -
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FINANCIAL EFFECTIVENESS ANALYSIS
(==Y
QUANTITATIVE ANALYSIS
Cost & ROIs of CBM Programme — Combined solutions
YEAR 2018 YEAR 2019 YEAR 2020  YEAR 2021

Training Cost  80,000.00* 800,000.00* 2,400,000.00*  50,000.00*
(Staff)

Total Training 3,330,000.00*
Cost

Total ROI - - 725,000.00 9,883,000.00

*- Approximate value
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FINANCIAL EFFECTIVENESS ANALYSIS
(FEA)

COST BENEFIT ANALYSIS (CBA)

 CBA Is a policy assessment method that quantifies in monetary terms
the value of all consequences of a policy to all members of society.

NET BENEFIT DECISION RULE

|t Is the thumb rule to adopt all sub policies (projects) that have
positive net benefits.
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FINANCIAL EFFECTIVENESS ANALYSIS
(FEA)

Sub CBM Initial Cost Return On Net Benefit Benefit/
Programmes Involvement Investment Cost

VA 39,834,257.35 306,789,900.00 266,955,642.65
Programme

OA 5,233,7/86.33 20,590,000.00 15,356,213.67

Programme
NDT 3,212,327.63 18,751,000.00 15,538,672.37

Programme
Total CBM 3,330,000.00 9,883,000.00 6,553,000.00

Programme

Benefit Distribution Share

Choosing Efficient Projects & Use of Net Benefits versus Benefit/ Cost

www.cmetsl.lk 49




PHYSICAL EFFECTIVENESS ANALYSIS
(PEA)
PARETO EFFICIENCY

« As a distinction among maintenance
theories (here between PPM & CBM)
Pareto efficiency (or Pareto optimality), IS
used to evaluate or compare different
allocations of resources.

« Pareto says a system can not be improved
without disturbing the other.
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PHYSICAL EFFECTIVENESS ANALYSIS
(PEA)
QUALITATIVE ANALYSIS

Survey using Google Forms — 144 Personnel

Target group  Sample

stionnaire for the research titled “Prospective Analysis of
ineering Maintenance Philosophy in Sri Lanka Navy : A Paradigm

Top Management 16
CBM operators 25

End users 103

Google forms Sample weightage
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PHYSICAL EFFECTIVENESS ANALYSIS
(PEA)

THREE QUESTIONNAIRES (SURVEY)
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PHYSICAL EFFECTIVENESS ANALYSIS
(PEA)

WEIGHTED MATRIX

Ex: Q7 Effectiveness in implementation of CBM in phases?
a. Excellent b. Good c.Average d.Need
Improvement
Weightage CBM CBM CBM CBM

A

www.cmetsl.lk

e. Poor




1 |Timestamp Name Level of implementation ¢ Your perception on the £ The level of SLN staff re Present level of defect d Rate of meeting deadline Cost benefit projection a Effectiveness in impleme Rate of knowledge trans Rate of technology trar

2 21812022 21:20:12| Cmde Joseph c. Average b. Good c. Average b. Good d. Need improvement  |d. Need improvement  c. Average b. Good b. Good 54
3 219/2022 14:21:20 SLNS Dakshina b. Good c. Average c. Average b. Good b. Good b. Good b. Good c. Average c. Average

4 2110/2022 4:31:13 KMD Seneviratne d. Need improvement ¢ Average ¢ Average ¢. Average ¢. Average ¢. Average c. Average ¢. Average d. Nead improvement TOp Management
3 2162022 23:10:07 SLNS RANGALLA 8. Excelent b. Good b. Good a. Excellent b. Good b. Good b. Good 8. Excellent a. Excellent

6 2M18/2022 8:30:14 HUNNADENMAGE CHAM . Average b. Good c. Average b. Good d. Need improvement | c. Average c. Average g. Poor b. Good

T 2M8/2022 8:56:57 Kad siriwardana &. Poor a. Excellent b. Good b. Good d. Need improvement | c. Average &. Poor C. Average C. Average

8 211812022 13:58:52 Gihan Kavinda d. Need improvement  c. Average b. Good d. Need improvement  d. Need improvement  c. Average d. Need improvement  c. Average c. Average

9 211872022 14:06:17 Naval dockyard frincoma c. Average g. Poor e. Poor e. Poor d. Need improvement  |d. Need improvement  c. Average g. Poor e. Poor

10 211812022 14:07:00 WGDL Wedikkaragedara e. Poor d. Need improvement e Poor d. Need improvement  d. Need improvement  d. Need improvement  d. Need improvement  d. Need improvement  d. Need improvement

11 211812022 14:08:39 |Navdock c. Average b. Good d. Need improvement  d. Need improvement | c. Average d. Need improvement  d. Need improvement | c. Average c. Average d —

12 282022 14:05:21 NAVDOCK c. Average d. Need improvement ¢ Average b. Good C. Average b. Good b. Good b. Good d. Need improvement

13 211812022 14:09:47 |Naval Dockyard, Trincom . Poor d. Need improvement  d. Meed improvement | d. Need improvement | d. Meed improvement  d. Need improvement  d. Need improvement  d. Need improvement  d. Need improvement

14 21812022 14:10:07 NAVDOCK c. Average b. Good c. Average C. Average C. Average C. Average c. Average d. Need improvement  d. Need improvement

15| 21812022 14:10:50 SLN DOCKYARD b. Good c. Average £, Average b. Good c. Average b. Good b. Good b. Good b. Good Sam P le
16 211812022 14:13:27|SLN navdock b. Good b. Good b. Good b. Good c. Average b. Good b. Good b. Good c. Average

17 21182022 14:21:39 SLN Dockyard d. Need improvement  d. Need improvement  d. Need improvement  d. Need improvement  d. Need improvement  d. Meed improvement | d. Need improvement  d. Need improvement ¢ Average l 6

1 | Timestamp Email Address Mame Base Level of work efficiency ir Level of ROl of all CBM n Level of cooperation ren Level of knowledge trans Level of credibility on CB Extent of support

2 20212022 2:38:39 shirleypriyashanthaf@ag TAS Privashantha SLNSE Thakshila a. Excellent a. Excellent b. Good a. Excellent a. Excellent a. Excellent

3 20812022 17:32:25 kushanchandimal15@a K k chandimal SLMS Thakshila b. Good a. Excellent b. Good a. Excellent b. Good a. Excellent

4 20812022 17:35:51 samanthakumarad6@ag SDSK Sesath SLNS Thakshila b. Good a. Excellent a. Excellent b. Good b. Good b. Good

L 20812022 18:47:22 eanushkadamith@gmai Edirisinghe Thakshila a. Excellent b. Good b. Good a. Excellent a. Excellent a. Excellent

B 21912022 1:08:08 sujithudayanga7@gmail APS Udayanga SLNS Thakshila a. Excellent b. Good b. Good a. Excellent b. Good a. Excellent CBM Operators
7 21912022 15:37:44 ngnp.eng76@agmail.corr NGNP wickramarathna Sins thakshila a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent

8 2/9i2022 15:40:07 rdeshaprivabG@amail.c GWR Deshappriya SLMNS Thakshila a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent

9 2/9/12022 15:44:59 kushanchandimal15@ag K k chandimal 3Ins thakshila b. Good C. Average a. Excellent C. Average a. Excellent a. Excellent

10 21912022 15:45:33 prasadwelikala93@aomz wvdpu welikala SLMS thakshila b. Good b. Good b. Good b. Good b. Good b. Good

11 21912022 15:49:35 sujithudayanga7@gmail APS Udayanga SLNS Thakshila a. Excellent b. Good b. Good a. Excellent a. Excellent a. Excellent

12 21912022 15:56:46 dineshskdc@omail.com Skdc jayarathne Thakshila a. Excellent b. Good b. Good b. Good b. Good b. Good

13 21912022 16:30:03 sanjayasandaruwand5g PS Sandaruwan SLNS Nandimithra b. Good b. Good b. Good C. Average a. Excellent a. Excellent

14 20912022 17:04:51 wmssweerasinghe@gr Sampath Weerasinghe SLM Dockyard a. Excellent a. Excellent b. Good b. Good a. Excellent a. Excellent

15 21912022 19:56:34 ae107409@agmail.com DSLweerasinghe SLNSE Thakshila b. Good b. Good d. Meed improvement ¢ Average b. Good d. Need improve

16 2M0i2022 8:55:49 aththanayaka56717@an Ac Aththanayaka SIn dockyard a. Excellent b. Good b. Good a. Excellent a. Excellent a. Excellent

17 2M0i2022 9:11:11 harshamadushan27@g WPHM KARUNARATHMN! Thakshila b. Good b. Good C. Average b. Good b. Good b. Good

18 2M0i2022 11:25:23 jmrmjayasundarad@om JMRM Jayasundara SLNS Thakshila a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent

18 21112022 16:02:28 Chamindatmk@gmail.ct Ac Aththanayaka 5In dockyard a. Excellent b. Good b. Good a. Excellent a. Excellent a. Excellent

20 211112022 16:05:33 rajendranpriyatharang@g Rajendran Privatharan  MNavdock b. Good b. Good b. Good b. Good b. Good b. Good

21 21112022 16:09:20 aththanayaka56717@gn APC Aftanayaka SLN Dockyard b. Good a. Excellent b. Good a. Excellent b. Good a. Excellent

22 21112022 16:17:28 sumithchandrarathna@: P:5 Chandrarathna P435 b. Good b. Good b. Good b. Good b. Good b. Good 25
23 2M112022 16:20:11 spnnnayanajith@gmail.c Spnn nayanajith SIns thakshila b. Good b. Good b. Good b. Good b. Good b. Good

24 21112022 16:24:06 randikachami@gmail.co WARS Weerarathna SLNS Sindurala a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent

25 21112022 22:05:29 kasunvd@amail.com DMK Vimukthi SLN Dockyard a. Excellent a. Excellent b. Good a. Excellent b. Good b. Good

26 2MTI2022 17:33:48 clementsci3B8@amail.co Chamila Ishan Clement: Thakshila a. Excellent b. Good b. Good b. Good a. Excellent a. Excellent



1 Level of knowledge pos: Level of knowledge gain Level of cooperation ren Level of knowledge tra 52 |Thakshila a. Excellent b. Good b. Good b. Good b. Good t
2 |SLNS Thakshila a. Excellent a. Excellent a. Excellent a. Excellent 53 |SLNS Mahazen b. Good b. Good b. Good b. Good a. Excellent t
3 Thakshila a. Excellent b. Good a. Excellent b. Good 34 | SLNS Pandukabaya c. Average c. Average a. Excellent a. Excellent a. Excellent t
4 | Parakrama b. Good b. Good b. Good b. Good 55 |NMA d. Need improvement . Average Mo experience c. Average c. Average s
3 |SLNS Thammanna c. Average c. Average a. Excellent b. Good 36 Sins thakshila a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent H
6 |SLNS Mahaszen c. Average c. Average b. Good b. Good 57 | Sins thakshila mitu b. Good b. Good b. Good b. Good b. Good t
7 | SLNS PARAKRAMA c. Average c. Average b. Good b. Good 58 |Thakshila a. Excellent b. Good a. Excellent a. Excellent a. Excellent t
& |INS Shivaji c. Average c. Average b. Good c. Average 38 | Sins thakshila b. Good a. Excellent c. Average b. Good a. Excellent C
8 | Lt Wiesinghe b. Good c. Average b. Good c. Average B0 | SLNS Thakshila a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent g
10 |SLNS Parakrama b. Good b. Good b. Good b. Good 61 | SLNS Thakshila b. Good b. Good b. Good a. Excellent b. Good t
11 |SLN Dockyard a. Excellent a. Excellent b. Good a. Excellent 62 |SLNS Thakshila b. Good b. Good b. Good b. Good b. Good H
12 |SLN Dockyard b. Good b. Good b. Good b. Good 63 |SLNS Mahasen a. Excellent a. Excellznt b. Good b. Good a. Excellent t
13 |SLN DOCKYARD b. Good a. Excellent a. Excellent a. Excellent G4 |SLNS Thakshila a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent i
14 |SLNS Uththara b. Good b. Good a. Excellent b. Good 65 |SLNS Rangalla a. Excellent a. Excellent b. Good a. Excellent b. Good 4
15 | SLNS Parakrama c. Average c. Average b. Good a. Excellent 66 |SLN Dockyard a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent i
16 | SLNS PARAKRAMA b. Good b. Good b. Good a. Excellent 67 | SLNS Gamunu b. Good b. Good b. Good b. Good b. Good t
17 |SLNS Thakshila c. Average b. Good a. Excellent b. Good 68 Sayurala b. Good b. Good b. Good b. Good b. Good t
18 SLNS Parakrama c. Average c. Average b. Good c. Average B9  SLNS Rangalla b. Good a. Excellent b. Good a. Excellent a. Excelent t
19 |SLNS Thakshila b. Good b. Good b. Good b. Good 1 Level of knowledge pos! Level of knowledge gain Level of cooperation ren Level of knowledge tran To what level your routir 1
20 |INS Shivaji b. Good b. Good b. Good b. Good 70 | SLNS Uththara b. Good b. Good b. Good b. Good b. Good t
21 |SLNS PARAKRAMA b. Good c. Average b. Good b Good 71 |SLN Dockyard b. Good a. Excellent a. Excellent a. Excellent c. Average L
29 |NMA a. Excellent a. Excellent a. Excellent d. Need improvement T2 | SLNS Dakshina a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent H
23 |Sine thaksia b. Good b. Good b. Good a. Excelent 73 |Gajabahu a. Excellent a. Excellent b. Good a. Excellent a. Excellent i
24 |Thakshila b. Good b. Good b. Good b Good T4 |SLNS Uththara a. Excellent b. Good b. Good a. Excellent b. Good i
25 |SLNS Parakramabahu b, Good b. Good a. Excellent b Good T5 | SLNS Parakrama b. Good a. Excellent a. Excellent a. Excellent a. Excellent t
26 SLMS Parakrama b. Good b. Good b. Good b. Good 76 |Parakramabahu b. Good . Average b. Good c. Average b. Good t
27 SLMS Parakrama b. Good b. Good b. Good b. Good 77 |SLNS Sauyrala a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent i
28 SLNS Parakrama c. Average c. Average b. Good b. Good 78 |SLNS Dakshina b. Good b. Good b. Good a. Excellent b. Good L
29 |Parakrama c. Average c. Average b. Good b. Good 79 |SLNS Ranagaja a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent H
30 | SLNS Parakrama b. Good b. Good a. Excellent a. Excellent &0 |Uththara a. Excellent b. Good b. Good b. Good b. Good g
31 SLNS Parackrama c. Average a. Excellent b. Good b. Good &1 |5LNS Gajabahu a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent H
32 Parakrama a. Excellent a. Excellent a. Excellent a. Excellant £2 | SLNS Sayura a. Excellent £ Average b. Good b. Good b. Good t
33 | SLNS Dakshina e. Poor ¢ Average e. Poor c. Average 83 | SLNS kelani a. Excellent b. Good b. Good b. Good b. Good i
34 |INS Shivaj d. Need improvement e. Poor a. Excellent a. Excellent &4 |SLNS Gajabahu a. Excellent a. Excellent b. Good b. Good b. Good 4
35 | 5LN Dockyard b. Good b. Good a. Excellent b. Good 85 |SLNS Parakkramabahu a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent H

. = = . 86 |Dakshina b. Good b. Good b. Good b. Good b. Good t
1 Level of knowledge post Level of knowledge gain Level of cooperation ren Level of knowledge tra &7 | SLNS Pandukabaya b. Good a. Excellent b. Good b. Good c. Average i
36 |SLNS Rangalla c. Average c. Average b. Goaod b. Good 88 P4445 a. Excellent b. Good b. Good a. Excellent a. Excellent H
37 |SLNS RANAGAJA c. Average b. Good b. Good b. Good 89 Parakrama b. Good b. Good b. Good b. Good b. Good t
32 SLNS Uththara- L 821 c. Average c. Average b. Good b. Good 90 | SLNS Samudura a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent i
39 Dockyard iuc ws a. Excellent a. Excellent a. Excellent a. Excellent 91 SLNS Jayasagara b. Good c. Average a. Excellent b. Good a. Excellent t
40 | SLN Dockyard c. Average b. Good a. Excellent a. Excellent 92 | SLNS ELARA b. Good b. Good b. Good b. Good b. Good t
41 |Mavdock b. Good b. Good b. Good b. Good 93 | SLNS Uththara a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent i
42 |5 NS THAKSHILA b. Good b. Good b. Good b. Good 94 Padad b. Good b. Good a. Excellent a. Excellent b. Good t
43 Sayurala b. Good b. Good b. Good b. Good 95 Ruhuna b. Good a. Excellent b. Good b. Good b. Good H
44 b. Good b. Good b. Good b. Good 95 |SLNS Ruhuna b. Good b. Good b. Good b. Good b. Good t
45 | Thammanar b. Good b. Good b. Cood b. Good 97 Pad43 a. Excellent a. Excellent b. Good a. Excellent a. Excellent i
45 SN DOCKYARD b. Good b. Good b. Good b. Good 88 Slns kashapa b. Good a. Excellent b. Good b. Good b. Good t
47 |SLNS RANAWICKRAMA b. Good b. Good b. Good b. Good 98 |SLNS Elara b. Good b. Good b. Good b. Good b. Good t
48 Mavdock c. Average c. Average c. Average c. Average 100 Kashayapa b. Good b. Good b. Good b. Good b. Good t
49 'Wicrama ii a. Excellent a. Excelent a. Excellent b. Good 101 5LNS Nandimithra a. Excellent a. Excellent a. Excellent a. Excellent a. Excellent i
50 | SIns Sindurala b. Good b. Good b. Good b. Good 102|SLNS Prathapa b. Good b. Good b. Good a. Excallent a. Excellent t
51 |Sine thaksia b. Good a. Excellent b. Cood b. Good 103 SLNS Wickrama Il a. Excellent a. Excellznt a. Excellent a. Excellznt a. Excellent i
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1 QUE STIONNAIRE EVALUATION - TOP MANAGEMENT
2 CBM [ PPM | CBM | PPM | CBM | PPM | CBM | PPM | CBEM [PPM| CBM | PPM
3 a7

4 Suggestions on continual development 30| 24 | | | | 0] 24
5 a1 Q2 Q3 Q12 Q15

6 Physical effectiveness (Infrastructure) 28| 27 I 20| 24] 31| 19| 151 119
7 Q4 Q13 Q14

8 Physical effectiveness (Job satisfaction) 34| 21 40] 12 38| 13 | | 113 46
9 Q8 Qg Q10 Q11

10 Physical effectiveness (knowledge transfer) 30| 25 0] 25| 34| 21 34| 18 | 128 89
11 Q5

12 |Physical effectiveness (Fin- individual perceptio 26 30 31 23 | | 57| 53
13 a. Ex b. Gd c.Avg |d. NI |e.Pr

14 cemM| cBM| cBM| CBM

15 |, 4 3 2 1

16 Weightage PPKM] PPM|] PFM

17 1 3 4

12 Sample Size : 16 CBM | PPM

19 |01 1 3 g 3 3 28 27

20 |Q2 1 E 4 4 1 34 20

21 |03 4 7 3 2 29 24

22 |Q4 1 7 2 5 1 34 21

25 G5 [ o e s [ I =

24 |06 5 5 E 31 23

25 |Q7 5 5 5 1 30 24

26 08 1 4 5 4 2 30 25

27 |09 1 3 g 5 1 30 25

28 | Q10 1 7 2 5 1 34 21

29 Q11 g g 4 34 18

30 [Q12 3 g 4 1 29 24 1

31 Q13 1 9 S E ] 12 !

32 |Q14 1 8 4 3 39 13

33 |Q15 1 4 g 3 1 31 18

34

4 4 » M Weighting Top Mgt~ Weighting CEM Op - "WeiGhGna EndUser™™ Charts Top Mgt~ Charts CBM op . CHarS EndEerd (| 4

PEA Calculation
Top Management




PHYSICAL EFFECTIVENESS ANALYSIS
(PEA)

PEA SUMMARY — TOP MANAGEMENT

N A
NN

Physical Physical Physical Physical
effectiveness effectiveness effectiveness effectiveness
(Infrastructure) (Job satisfaction) (knowledge (Fin- individual

transfer) perception)
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QUESTIONNAIRE EVALUATION - CBEM OPERATORS

1

2 CBM | PPM CBM | PPM CBM | PPM | CBM | PPM CBM | PPM
3 Q8 Q9 Q12 Q13

4 Suggestions on continual development 75| g 79| 7 72| 3 23] 315| 22
5 Qs Q6 Q11

6 Physical effectiveness (Infrastructure) 33| 0 29| 1 83| 0 | 260 1
7 Q1 Q3 a7 Q10

2 Physical effectiveness (Job satisfaction) 39| 0 73] 4 32| 0 2| 331 5
g Q14 Q15

10 Physical effectiveness (knowledge transfer) 35| 3 1| 7 32| 3 | 245| 13
11 Q2

12 |Physical effectiveness (Fin- individual perceptio 24 1 | B4| 1
13 a. Ex b. Gd C. Avg d. NI e Pr

14 CBM CBM CBM|  CBM

15 . 4 3 2 1

16 Velahtage pru|  PPu| PP

17 1 3 4

18 Sample Size: 25 CEM | PPM

19 Q1 14 11 89 0

20 Q2 10 14 1 24 1

21 Q3 § 17 1 1 78 4

22 Q4 13 g 3 5 3

23 Q5 13 12 88 0

24 Q6 16 g 1 29 1

25 Q7 g 16 1 82 0

26 08 5 16 3 1 75 g

27 Q9 g 13 1 79 7

28 Q10 3 16 1 g2 1

29 Q11 g 17 83 0

30 Q12 g 12 2 2 78 g

31 Q13 g 15 1 83 1

32 Q14 11 12 1 21 7

33 Q15 g 15 82 3

34
a5 | I

M 4 » M Weighting Top Mgt = Weighting CBM Op "Weighting' EndUser™" Charts Top Mgt Charts CBM op "CRameERdUSEr"d |« |

PEA Calculation

CBM Operators




PHYSICAL EFFECTIVENESS ANALYSIS
(PEA)

PEA SUMMARY - CBM OPERATORS

Physical Physical Physical Physical
effectiveness effectiveness effectiveness effectiveness
(Infrastructure) (Job satisfaction) (knowledge (Fin- individual
transfer) perception)
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1 QUE STIONNAIRE EVALUATION - END USERS
2 CBM | PPM CBM | PPM CBM | PPM CBM | CBM | PPM

3 Q12 Q13 Q14

4 Suggestions on continual development 310 37 217] 25 310 23 | 937 85
5 Q6 ar Q8 Q11

6 Physical effectiveness (Infrastructure) 314 25 235| 65 308| 43 297| 50 1204 186
7 Q3 Qs

8 Physical effectiveness (Job satisfaction) 336| E 324| 22 | | 660 28
9 al Q2 Q4 Q9

10 Physical effectiveness (knowledge transfer) 318| 26 322| 23 328| 21 223 19 1292 29
11 Q10 Q15

12 Physical effectiveness (Fin- individual perceptiof 319 7 319 24 | 538| 41
13

14 CBM CBM CEM CBM

15 |, . 4 3 2 1

16 | Veihtage pr|  PPM|  PPM

17 1 3 4

13 Q1 33 51 16 2 1 319 26

20 |Q2 35 43 19 1 322 23

21 Q3 35 64 2 1 336 E

22 Q4 36 56 7 2 2 328 21

23 |Q5 34 55 11 1 2 324 22

24 Qf 27 53 15 2 1 314 25

25 Q7 25 51 3 16 3 285 68

26 Q8 31 52 g 10 1 308 43

27 Q9 31 59 11 2 323 19

28 Q10 34 60 B 1 2 319 17

29 Q11 25 55 10 12 1 297 50

30 Q12 30 55 10 5 3 310 37

31 Q13 29 60 10 1 3 317 25

32 Q14 25 60 7 4 4 310 23

33 |Q15 30 59 10 2 2 319 24
34 !

4 4 ¥ ¥ WWeainhtina Ton Mot Weinhtina CEM On | Weiahtina End lear — Charke Tan Mat Charre CEM an - Charre End Tlear (| a4 |

PEA Calculation
End Users




PHYSICAL EFFECTIVENESS ANALYSIS
(PEA)

PEA SUMMARY — END USERS

Sample \ — e ——

Physical Physical Physical Physical
effectiveness effectiveness effectiveness effectiveness
103 (Infrastructure) (Job satisfaction) (knowledge (Fin- individual
transfer) perception)
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PHYSICAL EFFECTIVENESS ANALYSIS
(PEA)

PEA SUMMARY — OVERALL

Target group

Top Management
CBM operators \_/ —

Physical Physical Physical Physical
End USEI'S effectiveness effectiveness effectiveness effectiveness

(Infrastructure) (Job satisfaction) (knowledge (Fin- individual
Total transfer) perception)

www.cmetsl.lk

62



www.cmetsl.lk

CONCLUSION

63



CONCLUSION

 Effectiveness in paradigm transition from PPM to CBM
* Hybrid application

* Phases of CBM implementation

e Conceptual in-house evaluation mechanism

» Continual development and upkeep records

» Organisational support at all tiers is important
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