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INTEGRATED CONDITION MONITORING
TECHNOLOGIES FOR ENERGY SAVING
APPLICATIONS

Green Sails

TASTE

WHAT IF WE CANNOT SEE IT,
it is not there...

-

WHAT IF WE CAN NOT HEARIT,
It is not there...

-

This is what we have been taught since
we were born....

SMELL

Doing Things differently leads
to something exceptional ......



GREEN SAILS SINGAPORE CONDITION MONITORING
TECHNOLOGIES FOR MARINE, OFFSHORE AND
INDUSTRY

The general idea \
behind Condition

Monitoring:

Condition Based
Monitoring or
Machine Health
Monitoring is to
save cost, improve
performance,
prevent accidents,
crew confidence &

Cnvironment /

Preventive \
maintenance

Costs are high
when we maintain
on schedule, Too
often, disassembly
and reassembly
create damage.
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Reactive
maintenance

Costs are high-
run machines

until they fail and
replace machines
as needed.

Predictive
maintenance

Costs are lower when
we maintain only
when a known need
exists, what is the
defect, how high,
where and what
spares and services to
correct the defect.




' AW TRANSTECH
Condition monitoring or Integrating CONFERENCE

Vibration analysis with Ultrasound and 2018, PUNE
Infrared thermography applications for
Marine and off shore Industry

a N

Three Proven Technologies

‘To Help & Keep Your machinery running’
with best results in-

- Economy,

- Prevent accidents and incidents,
- Improve operator confidence.

- Prevent environment pollution

\_
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Failure initiated G s Ultrasonic detection G 2018, PUNE
' Qil Analysis Detected
t Audible Noise
/ Hot to Touch

/~ Mecharically Loose

~ Ancillary Damage

PREDICTIVE PREVENTIVE RUNTO FAILURE

- Equipment Condition

| _— Catastrophic Failure

Lead times to failure offered by various
conventional condition monitoring techniques




Integrating Infrared with Ultrasound and Vibrations CT(I;,\? ,:NESRT,S\?SE

analysis ap I|cat|ons for Marine and Off shore Industry 2018, PUNE
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Vibration analysis
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BASIC
understanding
of vibration and
component
frequencies
analysis
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we basically compare today’s vibration spectrum (or “signature”)

Wﬁ b[ﬁ@{tﬁ@[ﬁ]@ @{F with qther spectra obtained using the same instruments at the same

locations last week, last month, or last year, or when the machine
was first installed or immediately after an overhaul. We try to

[ﬁ_ﬁ]@@l}n ﬁ [m@w deduce internal changes (deterioration) from changes in the

spectrum.
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Vibration analysis in Acceleration . TRANSTECH
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Time wave form - sample of
random vibration

VESSEL NAME\DHT Lotus INCOP 3 Pp rm\Top Brg H\Vel_Time  16/10/2017 %:26:45.0

FFT spectrum of above
wave form

2018, PUNE
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Resonance | | | |
The Silent Killer of G -~ L
| . M N
Rotating Machinery R

- Resonance occurs in a system when the frequency of a vibratory force
frequency) is at or near a natural frequency.

- Vibration levels at resonance are controlled through damping. Vibration
amplification is determined by the proximity of the forcing frequency to
frequency.

- When high vibration is noted in rotating machinery, the analyst should co
thorough vibration analysis before applying commonly used resonance fixe
After all, excessive vibration could result from one or a combination of the
following non-resonance situations:

. pedestals, foundations, or structures
. loose or missing bolts, broken welds, soft foot, or
. mismatched parts excessive vibratory force

. lack of damping. TRANSTECH

CONFERENCE
2018. PUNE




SOLUTIONS FOR RESONANCE

To confirm the state of resonance in machinery, the analyst mt
the location of the system’s natural frequencies with a simple i
operating deflection shape, or modal test. The modal test will
yield the most information.

Solutions

Reducing resonant-equipment vibration levels can involve any of the
following actions, or a combination thereof:

1. Raising or lowering the natural frequency to distance it from the
forcing frequency

Adding damping
Attaching an absorber. 1 RANSTA:H

CONFERENCE
2018. PUNE




1. 4.0 K Hz - 01:15:24
2. 6.35 Hz- 02:0.9:24
3. 11.35 Hz- 03:31:36




* DDS 2014 - [DDS 2014]

Sample case study onboard ship
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4] VIBRATION ANALYSIS CHART
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MOTOR DE vibrations recorded as Motor NDE side vibrations recorded

following- as following-

1. Vertical - 8.953 mm/s RMS ) R . 1. Vertical - 10.75 mm/s RMS

2. Horizontal- 14.81 mm/s RMS DR ——" 2. Horizontal- 21.17mm/s RMS

3. Axial- 7.2 mm/s RMS. g 3. Axial- 4.208 mm/s RMS.

IACS limit for the Horizontal IG Motor is

7.0 mm/s RMS : IACS limit for horizontal IG fan is 7.0
: {} mm/s RMS

.'. |l’Ilr\l'"'lllll|'||||"||| ||f1 ||‘|\ H‘f”| r” I
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High Vibrations caused by Misalignment 1 TRANSTECH
case studies CONFERENCE
2018, PUNE

TOO MANY SHIMS
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High Vibrations caused by Misalighment
case studies

Wrong shims and
Improper fitting



High Vibrations caused by Misalighment
case studies




High Vibrations caused by Misalighment
case studies
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[ High Vibrations caused by Misalignment TRANSTECH
case studies CONFERENCE
| 2018, PU_NE

& T
X

Defective AV
Mounts or
resilient
mountings shrunk

10112016



High Vibrations caused by Misalighment
case studies
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DEFECTIVE SHIMS — TRANSTECH

CONFERENCE
‘ - ’ 2018, PUNE
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J

Correct size and type shims
increase the life of
machinery with economical
running.



€ TRANSTECH
;he ISO .st;callc.iards {or thlg . CONFERENCE
machinery vibration values limits 2018, PUNE

Yelocity Range Limits and Machine Class

 Velocity
e
?ﬂf infs Peak | UP t0 1SKW | 15t0 79KW | >75 kwiRigid) | >75kw (Soft)
Class I II Class III Class IV

071 | 0.04 |
1.12 .l!’ ;
SatERry

Alert) | Unsatisfactory Y lgiriin
Alert) | Unsatisfactory
Alert

Good Good -
Good

11.20 Unsati'sfactnry
 18.00 | 1.00 | Alert
28.00

45.00




Courtesy web sources Mobius




TRANSTECH Increase your Equipment
CONFERENCE Reliability
2018, PUNE with
Ultrasound Technology =

Green Sails




TRANSTECH

What is
Ultrasound?

CONFERENCE
2018, PUNE

INFRA SOUND ULTRA SOUND

ﬁHuman range (16Hz to 18KHz)

olndustry Applied range (20KHz to 100KHz) is Heterodyned for
Audible Human range

oDiagnostic Ultrasound is for Medical Imaging

-

»

_____J

-

Green Sails



"z ) TRANSTECH
CONFERENCE

Advantages of 2018, PUNE
Ultrasound

Directional & Locatable

Useful in any Environments

o Early Warning Failure Indication
o Wide Range of Applications

o Supports Other Technologies

-

Green Sails



Applicable Ultra sound
Inspections

P

oLeak Detection
oElectrical Inspection
oMechanical Inspection

oHydraulic components inspection

o

»

)

TRANSTECH
CONFERENCE
2018, PUNE
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FFT | Time Series | Dual | Waterfall | Parameters
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Inverted
Bucket Trap

© Normal Valve Leve
Trap 9
AR &
CO2
VENT.
STEAM
IN
o Failed
Open S INVERTED
BUCKET
Adapted by DF from Armstrong CONDENSATE
(C) 2014 ouT
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Green Sails

TRANSTECH
{ Electrical Inspection

Air borne Ultrasoundl

/

o Inspect enclosed systems while energized
o Scan switchgear ‘before’ opening & inspect with infrared to

© Prevent ‘Arc Flash’ injury

© Sort equipment for further inspection

© Safety PPE for arc flash is very important for HV switch gear.
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Only occurs at 1000V and above voltage.

This is a partial discharge(Leakage) activity.

UE Spectralyzer 4.2
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INSULATOR EARTH LEAK [5G

CONDITIONS
TRACKING

o

o

» There is a build up and

Tracking occurs where \
there is a low current
pathway to ground across

an insulator.

discharge of the voltage
that produces “popping”
sounds.

The discharge peaks
correspond to the
“popping” sounds.

They are not uniformly
spaced in time. j

TRANSTECH

2018, PUNE
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Green Sails
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Arc Flash Conditions
ARCING

UE Spectralyzer 4.2 - a
File Edt Mede Tools Help

o il

243PM
8/5/2016

)

Green Sails

|

Arcing, the discharge
to ground is a high
current pathway
across an insulator.

This is a “burst of
energy” that has a
long duration
discharge

TRANSTECH
CONFERENCE
2018, PUNE
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Green Sails

High Voltage Components are well
enclosed, making for poor or sometimes
impossible infrared inspection
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Switchgear Primary Stab
Surface Tracking

TRACKING IN HIGH
VOLTAGE INSULATORS

..
Green Sails
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Transformer
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TRANSFORMER WITH LOOSE
WINDING

~
Green Sails
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Transfo rmerw _—
with Tracking
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Green Sails
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Ultrasound
Mechanical Inspection

oSlow Speed Bearings

oCondition Based Lubrication

oHistorical Trending

-
(Green Sails
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-

Green Salls

o\ery effective on Slow
Speed Applications

o Types of testing performed
O©Comparison
©OHistorical Trending

O©Spectrum Analysis

\_ !
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[ Bearing Testing ]

2018, PUNE

UEM

L]

-
Green Sails

Good Bearing

Faulty Bearing
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Lubrication
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One of the ship crane
slewing operation
defect identified in
slewing motor counter
balance valves




Levels of Severity
With ultra sound

Base on dB level

above baseline

-~

\_

o8 dB

0l2 dB

016 dB

~

Lubrication Required

Minor Damage
(microscopic faults)

Damage (Visual faults)

035+dB Failure Imminent

TRANSTECH
CONFERENCE
2018, PUNE

)

Green Sails



Arcing: An electric discharge
through normally non-conductive
media such as air. It is a failure
condition in electric equipment and
can lead to fire or an explosion.

Tracking: Electricity follows a
pathway to ground utilizing dirt
and other contaminants until it
reaches

Figure 2 Pressure leak

TRANSTECH

CONFERENCE
2018, PUNE

— T~ N a turbulent flow with sirong uitrasonic componants.

Cunng a pressure leak, fluid escapes and poduces

———= 7~ | Ubrasound s locaized to the point of amission,
== —_— making the kaak readity detectatle.

Figure 3 Vacuum eak

Corona: An electric discharge
around conductors when the
surrounding air is stressed beyond
its ionization point without

developing flashover.

FFT: Fast Fourier Transfer - A
digital processing of a recorded
signal representing data in terms

of its component frequencies.




What is
Infrared?

Electromagnetic Spectium

Inm 100nm 10um Imm 100mm 10m

Infrared Microwave Tv & FM

1km

0.1nm | 10nm | lum I 100um I 10mm | im I 100m '
Vo A b

AM

-

~

Infrared is a form of electromagnetic radiation

Everything above -273 °C (absolute zero) emits
infrared radiation

The heat we feel from the sun is infrared energy

)

TRANSTECH
CONFERENCE
2018, PUNE
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Green Sails
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TRANSTECH

~
Advantages of CONEERENCE
Infrared 2018, PUNE
— J

oAllows you to ‘see’ heat radiation
oNon-invasive & safe to implement

oMinimal downtime due to condition analysis electrical,
mechanical and hydraulic problems

oEffective prioritization of repairs to plan for spares,
manpower and sub contractor selection etc.,

olmproved employee safety and confidence of operators
oEnergy savings

oWide range of applications

—

Green Sails
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Increase machine Reliability
with

Infrared Technology

2018, PUNE ‘

-

Green Sails

Arl Max 270.6 oC
Min 443
Average 192.4
Ar3 Max 169.3
Min 40.9
Average 88.2

This could be catastrophic failure on a VLCC can
cause fire in main switch board




TRANSTECH
CONFERENCE A TYPICAL MOTOR / PUMP

2018, PUNE PROBLEM - EXAMPLE

Arl Max 100.9,°C
Min 82.8

Average 94.2
Spl1 85.0‘ *Arl
:

-

Green Sails

This photo is taken in a
leading company tanker
vessel and displaying as
example.
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A 250 kw motor inert gas fan in a vicc
operating with drive end bearing
temperature of 93.3*c is going to
cause damage to motor due to
misalignment and overloading

21412014 11:23:11 AN

o

IR_1264 jpg FLIR EGO

/1412014 11:23:11 AM

Min 72.7
Average 87.6
52.0

Parameters
missivity  0.94
efl.temp. 35°C

a |\oe
46.8 |G FAN NO1 DRIVE END
49031470 [BEARING

FLIR E6O

@_126.jpg

49031475




TRANSTECH
CONFERENCE cause and effect of

2018, PUNE failed steam traps

steam traps stuck (open)
position:

- waste of energy and damage
to atmosphere
condenser.($$$)

- excess steam in system

- create back pressure
back pressure can
cause other steam
traps to malfunction

- steam trap stuck in shut
(closed) position:

- water hammer
- line clog and corrode
- possible rupture

DEFECTIVE STEA




2/14/2014 10:26:46 AM 211472014 10:26:46 AM

-_
Green Sails

359
IR_1255jpg | /FLIRE6O 49031470 A - 170
211412014 10:32:05 AM St

Min
Average

Max
Min . Steam
inlet

Aversge 152 column ope rati Nng on board

Max R to

Min | turbines steam turbine plant

Average

NOTE: THIS DEFECTIVE STEAM
TRAP LOSS IS ESTIMATED ABOUT
5-10% OF LIVE STEAM LOSS
BACK TO ATMOSPHERIC

defective steam trap CONDENSER

TRANSTECH
CONFERENCE
2018. PUNE




12302013 218

COOL SEAWATER
INLET PIPEAND
TEMPERATURE

316°C

R_7133)pg

32 P

COOLING WATER OUTLET
[TEMPERATURE 38.3°C

COCLING WATER
FLOWRESTRICTED
AT THIS AREA

‘e

"’." » PR

w"".; -
‘L‘il ,
! nptouss

r

A2 o

! ‘ BTAFTER RESTRICTION
THE TEMPERATURE
IS 35.5°C

§28.¢

Veasurements

2 Verx
in
Average

oLl Vax
Min
Aversge

Ep1

L Vax
in
Aversge

Parameters
Emissivity
Fea temp

Note

miet 3°C Subet cices of

j 7. 0 12732008 21532 PM
383

356

383 . &
%2 = -
35S

3589
383

323

316

an A
ve ¥

0.95
20 °C

cercenser

45031470

-

Green Sails

The partially
blocked pipe is
an example of
surface
temperature
effects in a pipe
line

TRANSTECH
CONFERENCE
2018, PUNE



COUPLINGS AND SHAFTS ALIGNMENT

'Measurements "C 111162013 3:4045 PM
Art Mex 463 78.0
Mo 450
Aversge 456
Ar2 Max 497
Min 483
Aversge 490
A Max 800
| Mo 527
Average 619
Ard Mex 550
An 518
Averasge 537
\AIS Mex 957 y
Min 578 I
Aversge 816 _ - 36.0
|\ M 1744 IR_5893 jpg FUR E60 49031470
| Min 457

» Couplings inspection is difficult in normal
operation.

We need to understand coupling, different
coupling have different thermal signatures.

TRANSTECH

Misalighment, excessive wear are general defects

are observed with infrared thermography. CONFERENCE
2018, PUNE




Measurements
rt mex
Min
Aversge
ez wax
Mn
Aversge
s Wax
Min
Aversge
ord vax
\in
Aversge
oS e
\in
Ayersge
i1 Max
Min
Aversge
L2 Max
Min
Aversge
|5 wax
Min
Aversge
L Max
\in
Aversge
Parameters
Emissivity
Req. temp.
Note

33.5
265
306
255
3.6
3.2
26.1
245
286
265
262
263
204
188
20.1
42
3.4
3.7
187
168
173
15.0
23
8.5
3.3
27
3.0

0.95
20 °C

IAC EVAFORATOR RETURN
HEADERS ANALY3!S

°G

E/5/2013 11:47:04 AM

FLIREE0

COMMENT 3:

1. THE EVAPORATOR RETURN HEADER NO1 (W YELLOW N RED COLOUR) EHOWING HIGH
TEMFERATURE AT AR4 24.6%C HIOH AND LOW ARG 18.8*C OF THE RETURN QA S TENF.

2. THE EVAPORATOR RETURN HEADER NO2 IN ELUE COLOUR LIS 2.2C LOW AND 15+C 18
HIGH.

S. THIS EVAPORATOR RUNNING ON TWO COMPRESS0OR2 AND 37TILL UNAELE TO FERFORM
THE COOLING EFFECT DUE TO PARTIALLY CHOCKED AND INADEQUATE REFRIGERANT
CIRCULATION.

4. THE COMFANY HA 3 TO RENEW THE ENTIRE EVAPORATOR UNIT DUE TO THE
FLOCULATION AND FLOW RESTICTIONS IN THE EVAFORATOR.

Sample
evaporator
liquid
refrigerant inlet
and expanded
gas outlet at
the return
headers for
each coil

-

Green Sails

G15/2013 11:47:04 AM

Both above
compressors
connected to this
defective evaporator
coils. Loss of energy
with 2 compressors
running with
minimum climate
control effect

TRANSTECH

CONFERENCE
2018, PUNE




2/15/2014 12:15:08 PM 2/15/2014 12:15:08 PM

- —

Green Sails

A vacuum condenser
IR_1754|pg FLIR E60 48031470 JR_1794.JpQ FLIR ES0 49031470 . .
operating at high

1. THIZ 12 AVACUUM CONDENBZER IN A TUREINE FLANT OPERATING MORE THAN DEEBIGNED

TEMPERATURE temperature loss of
UTILIZATION, CON SUMING MORE FUEL NCREA 32 3TEAM CON SUMPTION, MORE POLLUTION £7C.. vacuum and burning
2. THI2 CONDEN EER MAXIMUM TEMF OPERATION DEEIGNED TO B86*C EUT OFPERATING ABOUT 32.8%C. m Ore fu el fo r a d d Iti O n a I

E‘easuremems 0] 21502014 11:47:05 AM

steam demand causing

Mex 323
w410 losses of energy
Aversge 747
k2 w310
Mn 452
Ayersge 745
Ept 437
Parameters
Emissivity 0.95
Refl tlemp. 20 °C
TRANSTECH

CONFERENCE
2018, PUNE

P1030007.JPC



Main air compressor high pressure
suction valves one valve is leaking
badly other valve is chocked with
carbon trouble- energy loss/ damage
to valves, carbonisation in inter and
after coolers and reduced efficiency

X 20/
Mo 409

Aoornge 300

713}

-_
Green Sails

TRANSTECH

CONFERENCE
2018, PUNE
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Marine Propulsion Gear box showing
high bearing temperatures

—

Green Sails

The Gear box drive end bearing
showing 85.4*C where the Lube oil
temperature at the cooler inlet
48*c indicating trouble at the
bearing condition.

022013 122108 P

- Oy
49031470



212014 128 30 PN

M

Asarage

|
et iemp.
i

MNote

ALTERNATOR 'WITH HICH
E':anx.runsa

NNL12230PN

589
42037470 IR_18%2.09

VEZ2NE 0221 #

H1020A48 JPU

43037470

-

Green Sails

A diesel generator
alternator showing
high temperatures
can cause damages
loss of alternator life
due to excess
temperatures

TRANSTECH
CONFERENCE
2018, PUNE
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IR_7912.jpg

Main start Air

compressor onboard
\ running very hot with
| LP discharge inlet to

s LE7A0 | inter fkooler about <>
k‘—- -—“‘.: ) 19?--2 C reduce the ) Green Sails
i 'i'-iv“ | efficiency, long running

s hours and damage to

many components like TRANSTECH

valves, coking in inter

after coolers etc., CONFERENCE
2018, PUNE

Vieasurements °G
Ar1 Max 1194.2
M 652
Average 1825
Max 180.6
Min 1425
Average 169.6
109.4

12/19/2013 2:54:56 PM

37.8
FLIR EGO 49031470y IR_7912.jpg FLIR E6O 49031470
Ip disch into intercooler



19TH-20TH DECEMBER 2013 SINGAPORE

TRANSTECH ) INFRARED THERMAOGRAPHIC SURVEY
CONFERENCE - 4 PORT AIR COMPRESSOR DURING OPERATION

Eﬁeasuremems *C]
2018, PUNE p1 38.1
L1t M 386
sin 330
Aversge 333
12 s 38.1
sin 375
Aversge 378
13 uax 453
Adin 425
Aversge 442
Parameters
Emisshaty 0.85
Ref. temp. 20 °C
Note
io drain after 1Smins running
AFTER THE COMPRE $ SOR STRATED FOR THE DRAINCUT
THROUGH THE FLOAT BUT NO EVIDENCE OF DRAIN FLOW
NOTICED.

12/122013 2:55:1% PM

IR_7914.jpg FLIR 60 45031470

1320 THE PORT SIDE MAIN AIR COMPRESSOR FOUND HIGH AIR TEMPERATURES IN
INTER COCLER AND AFTER COOLER. INTERCOOLER DRAINS FOUND
CLOGGED.




Hydraulic
applications

Leaking hydraulic system valves

Clogged filters
Moisture and contamination in hydraulic oil

Hot hydraulic motors, pumps condensers etc.,

TRANSTECH
CONFERENCE
2018, PUNE




Pumps and

Green Sails

TRANSTECH
CONFERENCE
2018, PUNE

A blocked filter top side
hot oil flowing, bottom
side cooler and showing
no oil flow(blockage)
through filter. l

A good filter IN A
CRANE HYDRAUIC
SYSTEM




1/23/2014 12:55:31 PM

30%

-

Green Sails

[::easurements a &
1 Mmx 332
Min 712

- A windlass hydraulic

208 : .
IR, 045393 =0 pump during heaving
Parameters NOTE: i
E misahaty 0.5 THE HYDRAULIC PUMP HEATED UP O 83.2C WITHING 30 MINS anchor operation
s 2 OF OPERATION WINDLA $§ HEAVING ANCHOR INDICATING OVER
< S8 HEATING OF PUMP DUE TO OIL QUALITY OR COMPONENT § LIFE
DETERIORATION.

fyerage 305
Ep1 82.3

FLIR E60

Note

hyd pump temp after ha¥ an gur — m—
nindiass operation during heaving 1/23/2014 12:55:31 PM
pncher

TRANSTECH
CONFERENCE
2018, PUNE

IR_0453.Jpg FLIR EB0 49031470
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Ultrasound, Thermography and Vibration analysis
combined survey

Ultrasound (US) - Ultra sound signature - Hear the sound radiation what
we cannot hear

Thermography (IR) - Thermal signature- See the infrared radiation what
we cannot see.

Vibration Survey (VS) - Vibration signature- The physical movement of

machine language speaking about the condition.

Integration of US,IR and VS will produce a better integrated survey
findings and diagnosis result




)

NGAPORE Utilizing the condition monitoring
es for Marine and offshore Industries

Vibration monitor/ Analyzer with two
accelerometers and laser eye for phase
and balancing accessories

.-.lw—-,’

Air borne n contact
borne ultra sound probe

Thermography
camera

Vibration monitor

Acoustic emission and analysis
Noise monitor & instrument Single
’ record instrument accelerometer



Thanks for your kind
Attention

Green sails Singapore contributing for energy
savings and thanks to

TRANSTECH CONFERENCE ORGANISERS

TOLANI MARITIME INSTITUTE, PUNE 2018.

Welcomes your
Questions
Comments n TRANSTECH

CONFERENCE

Suggestions 2015, PUNE



