
Doing Things differently leads 

to something exceptional ……

WHAT IF WE CAN NOT HEAR IT, 

It is not there…

WHAT IF WE CANNOT SEE IT, 

it is not there…

This is what we have been taught since 

we were born….

INTEGRATED CONDITION MONITORING 

TECHNOLOGIES FOR ENERGY SAVING 

APPLICATIONS
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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.

The general idea 
behind Condition 
Monitoring:

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

Preventive 
maintenance

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

Reactive 
maintenance

Costs are high-
run machines 
until they fail and 
replace machines 
as needed.



Condition monitoring or Integrating

Vibration analysis with Ultrasound and 

Infrared thermography applications for 

Marine and off shore Industry

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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Lead times to failure offered by various 

conventional condition monitoring techniques Courtesy web sources
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Integrating Infrared with Ultrasound and Vibrations 

analysis applications for  Marine and Off shore Industry

Courtesy web sources
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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”) 

with other 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 

deduce internal changes (deterioration) from changes in the 

spectrum.
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FREQUENCY in Hz

FFT Spectrum in Velocity Vibration and the 

possible faults can identify from the spectrum

mm/s
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FREQUENCY in Hz
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Vibration analysis in Acceleration 
broadband  spectrum 
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Time wave form – sample of 

random vibration

FFT spectrum of above 

wave form
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- Resonance occurs in a system when the frequency of a vibratory force (forcing 

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 natural 

frequency.

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

1. pedestals, foundations, or structures
2. loose or missing bolts, broken welds, soft foot, or
3. mismatched parts excessive vibratory force
4. lack of damping.

Resonance 
The Silent Killer of 

Rotating Machinery
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SOLUTIONS FOR RESONANCE 

To confirm the state of resonance in machinery, the analyst must verify 
the location of the system’s natural frequencies with a simple impact test, 
operating deflection shape, or modal test. The modal test will typically 
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

2.  Adding damping

3. Attaching an absorber. TRANSTECH 
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1. 4.0 K Hz – 01:15:24
2. 6.35 Hz- 02:0.9:24
3. 11.35 Hz- 03:31:36

TRANSTECH 

CONFERENCE

2018, PUNE



1x

2x

3x

The overall vibration of this 

Boiler FD fan is showing 

5.6396 mm/sec Vrms 

2x and 3x is indicating order 

for misalignment of the motor 

and fan coupling

The higher order showing fairly good  

bearings and fan blades / impeller 

etc., 

Sample case study onboard ship TRANSTECH 
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WHEN Resonance and 

Unbalance occur together 

with change in revolutions 

can cause serious damages TRANSTECH 
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1:20:00 add 

Unbalance
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MOTOR DE vibrations recorded as 

following-

1. Vertical - 8.953 mm/s RMS

2. Horizontal- 14.81 mm/s RMS

3. Axial- 7.2 mm/s RMS.

IACS limit for the Horizontal IG Motor is 

7.0 mm/s RMS

Motor NDE side vibrations recorded 

as following-

1. Vertical - 10.75 mm/s RMS

2. Horizontal- 21.17mm/s RMS

3. Axial- 4.208 mm/s RMS.

IACS limit for horizontal IG fan is 7.0 

mm/s RMS
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High Vibrations caused by Misalignment 

case studies

TOO MANY SHIMS
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High Vibrations caused by Misalignment 

case studies

Wrong shims and 

Improper fitting
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High Vibrations caused by Misalignment 

case studies
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High Vibrations caused by Misalignment 

case studies
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High Vibrations caused by Misalignment 

case studies

Defective AV 
Mounts or 
resilient 
mountings shrunk
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High Vibrations caused by Misalignment 

case studies
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DEFECTIVE SHIMS



Correct size and type shims 

increase the life of 

machinery with economical 

running.



The ISO standards for the 

machinery vibration values  limits

Courtesy web sources
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VIBRATION MONITORING AND 

ANALYSIS IS LIKE SEEING THROUGH 

MACHINE

Courtesy web sources Mobius
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Increase your Equipment 

Reliability

with

Ultrasound Technology



What is 

Ultrasound?

Human range (16Hz to 18KHz)

Industry Applied range (20KHz to 100KHz) is Heterodyned for

Audible Human range

Diagnostic Ultrasound is for Medical Imaging

WELCOME 
Energy Management with air 

borne ultra sound & structure 

borne ultra sound applications

Courtesy web sources
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Advantages of 
Ultrasound

Directional & Locatable

Useful in any Environments

Early Warning Failure Indication

Wide Range of Applications

Supports Other Technologies



Applicable Ultra sound 

Inspections

Leak Detection

Electrical Inspection

Mechanical Inspection

Hydraulic components inspection
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AIR/ GAS Compressor Valve
Good n Bad

GOOD 

COMPRESSOR 

VALVE

LEAKING 

COMPRESSOR 

VALVE



Typical LPG Valve 
with defective 
springs

Valve leak full 
in LPG 
compressor



Normal 

Trap

Failed 

Open

Inverted 

Bucket Trap



Air borne Ultrasound 
Electrical Inspection

Inspect enclosed systems while energized

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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High Voltage 
PD condition
Corona

Only occurs at 1000V and above voltage.

This is a partial discharge(Leakage) activity.



INSULATOR EARTH LEAK 
CONDITIONS
TRACKING

 Tracking occurs where 

there is a low current 

pathway to ground across 

an insulator. 

 There is a build up and 

discharge of the voltage 

that produces “popping” 

sounds.

 The discharge peaks 

correspond to the 

“popping” sounds. 

 They are not uniformly 

spaced in time.
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Arc Flash Conditions
ARCING

 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
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High Voltage Components are well 
enclosed, making for poor or sometimes 
impossible infrared inspection

BAD AND SEVERE TRACKING 

OF THE ELECTRICAL 

INSULATION



TRACKING IN HIGH 

VOLTAGE INSULATORS

PD Tracking

TRANSTECH 

CONFERENCE

2018, PUNE



Good 

Transformer



TRANSFORMER WITH LOOSE 

WINDING



Transformer 

with Tracking
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Ultrasound 
Mechanical Inspection

Slow Speed Bearings

Condition Based Lubrication

Historical Trending



Very effective on Slow 

Speed Applications

Types of testing performed

Comparison

Historical Trending

Spectrum Analysis

Bearing 
Inspection



Good Bearing

Faulty Bearing

Receiving 
Lubrication

Bearing Testing



One of the ship crane 

slewing operation 

defect identified in 

slewing motor counter 

balance valves

Ultra 

sound 

file



Base on dB level

above baseline

Levels of Severity

With ultra sound

8 dB Lubrication Required

12 dB Minor Damage 

(microscopic faults)

16 dB Damage (Visual faults)

35+dB   Failure Imminent



50

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. 

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.

Tracking: Electricity follows a 

pathway to ground utilizing dirt 

and other contaminants until it 

reaches 



What is 

Infrared?

Infrared is a form of electromagnetic radiation

Everything above -273 
o
C (absolute zero) emits 

infrared radiation

The heat we feel from the sun is infrared energy



Advantages of 

Infrared

Allows you to ‘see’ heat radiation

Non-invasive & safe to implement

Minimal downtime due to condition analysis electrical, 

mechanical and hydraulic problems

Effective prioritization of repairs to plan for spares, 

manpower and sub contractor selection etc.,

Improved employee safety and confidence of operators

Energy savings 

Wide range of applications



Increase machine Reliability
with

Infrared Technology

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



The thermal image and related  Digital image of 

Marine pump installation. In digital profile the 

pump and motor showing  Good. In thermal image 

the motor is in trouble and drawing 10% excess 

amperes . The motor will burn if the action is not 

taken immediately.

This photo is taken in a  
leading company tanker 
vessel and displaying as 
example.

A TYPICAL MOTOR / PUMP 
PROBLEM - EXAMPLE 



A 250 kw motor inert gas fan in a vlcc 
operating with drive end bearing 
temperature of 93.3*c is going to 
cause damage to motor due to 
misalignment and overloading 



• steam traps stuck (open) 
position:

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

- excess steam in system 

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

• steam trap stuck in shut 
(closed) position:

- water hammer
- line clog and corrode
- possible rupture 

cause and effect of 
failed steam traps

DEFECTIVE STEAM TRAP 



A sample steam trap 
operating onboard 
steam turbine plant 



EXAMPLE OF 

MALFUNCTIONING 

OF PIPES, VALVES

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



COUPLINGS AND SHAFTS ALIGNMENT

 Couplings inspection is difficult in normal 

operation.

 We need to understand coupling, different 

coupling have different thermal signatures.

 Misalignment, excessive wear are general defects 

are observed with infrared thermography.



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

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



A vacuum condenser 
operating at high 
temperature loss of 
vacuum and burning 
more fuel for additional 
steam demand causing 
losses of energy 



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



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.

Marine Propulsion Gear box showing 

high bearing temperatures 



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



Main start Air 
compressor  onboard 
running very hot with 
LP discharge inlet to 
inter cooler about 
194.2*C reduce the 
efficiency, long running 
hours and damage to 
many components like 
valves, coking in inter 
after coolers etc., 





Hydraulic 

applications

• Leaking hydraulic system valves

• Clogged filters

• Moisture and contamination in hydraulic oil

• Hot hydraulic motors, pumps condensers etc.,



Pumps and 
hydraulics

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

A good filter IN A 
CRANE HYDRAUIC 
SYSTEM



A windlass hydraulic 
pump during heaving 
anchor operation



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






