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Overview on Condition Monitoring

Maintenance Policies and Strategies

Maintenance Policies

RCM Employs all Maintenance Policies
Failure Time Condition Risk
Based Based

Based

s
FMEA

Based

" Thermal
eel 0
(_ Redundancy_ \T_thiy/, &ﬂ'ﬂn_d/ -
¢ Nowo Quertedy e
- Critical > R‘»\_/‘ _Effeciency >

‘@ng/

Reliatility Engineering

Reliability centered maintenance promotes the use
of Predictive and Risk Maintenance policies for
identified critical equipment



Predictive Maintenance Techniques

Predictive Maintenance Embraced by Plant Maintenance

w
g » ey w _ B a0
L Y b . B o [ b o 2 &
] =B ] Puv 5 g el ] E B
il a0 g Pec | 3% o o 5 £
o u U ] 7 U el =] =]
= 58 u [g=F | &% - O @ |
2 € |az|a) |F (E39 0%  |d8 %[
< 9] 5] 4] ; ﬂ
VIB Analysis . . . .
0l Analysis . .
Wear Analysis . .
N N\ O\
IR Analysis o | o |o|o] o K .
Ultrasound o |5 |o]o AN \\i BN :
N\ N \
O° O O
VA N7 NG
Non-Destructive testing
(Thickness)

Visual Inspection TN TN ON g g a | o

I Motor Current Analysis .

| (Proactive R&M Tasks to Prevent Failure |

b ;
Fequipment] | AU\ [Potentia
p iy | A Y —,.\

Ty

SR
e
ey

—_—
SNWFLLY.
= Proactive Inspection Tasks o
5 e
| ke
E to fallure mech (X
&
3 .
& [Functionai] *,
ailure —~—
A& -
Time Time



Change in vibration
Time when failure can be detected 1-9 Wear particles
starts Lo oceur months prior to failure P L
Detectable in oil 1-6
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Reliability KPIs
KPI

MTBF ~0 " MeanTime Beteen Failure

No of failures addressed by root cause analysis >75%

Ratio of PM work orders to CM vﬂfﬁ’gﬂﬂs genera 'JENM inspecti 1‘1“’}\ '

OEE (Overall Equipment Effectiveness) ‘Q t& Availability x Reliability x

Quality (85%)

Percent of Faults,Fnup?:ifl i’redicﬁyam@%ce Supey(?wlh: fR, UT,  Nooffaults found/ No of

0A) \J \J \J devices checked (target <3%

Percent of equipment covered by condition monitoring Target=100%

Reliabilityof citical equipmient % 90%

Facility Availability >98%
Availability of critical equipment 598%

Percent emergency maintenance <%

Percent planned maintenance 90%



Why using Condition Monitoring
programs (predictive maintenance)?
Benefits of setting up a Predictive
Maintenance (PdM) program:

1. To detect what is out of the human sense.
2. To discover hidden failures.

3. To Detect early failures & monitor the
machine health condition.

4. To reduce Maintenance Costs.

5. As a useful tool to improve the machine
reliability.

Vibration analysis
\/

Four tools make up 85% of any PdM program



Infrared Thermography

Ultrasonic

Motor Current

Others eg.
Pressure Analysis,
Effeciency
Analysis

Vibration Analysis

Vibration present 45% of PdM programs, infrared
present 15% but it’s the fastest way to inspect
equipment and analysis failures

Equipment that
fails in service
can cost up to
10 times more
to repair than
the equipment
repaired when
predicted by
condition
monitoring.



Other PdM Techniques and Brief
Comparison

Thermography Motor
diagnostics

Notes:

Motor diagnosis = motor current analysis,
and it’s a technique involve intensive
diagnosis of motor currents.

Oil Analysis involve Wear Particles
Analysis for more intensive diagnosis about
the sources of failure. For more information
about the technique read the book:
Machinery Oil Analysis and Condition
Monitoring.

Thermography: involve thermal analysis
using infrared camera. For more information
about the technique, read the book:
Industrial Applications of Infrared
Thermography.



Ultrasound Analysis: is an acoustic
method based on high frequencies
measurement. For more information, read
the book: Ultrasound Analysis for Condition
Monitoring.

Why condition monitoring techniques?

Change in vibration
Time v\) 1 failure can be detected 1-9
starts (o oceur onths prior to failure

l Months prior to failure e Noise

[Oweicks prior
P torfailure Hot to the
— P1 / touch 1-5

P2 days prior
to failure

N/

P4

Wear partieles
Detectable in il 1-6

/

2NN~ EON

Time -

Vibration VS Thermography VS QOil
Analysis
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Misalignment XXX X

Damage of bearing XXX XX X
Damage of gear box XXX X XX
Belt problems XX

Motor problems XX X

Mechanical looseness XXX X X
Resonance XXX



Failure Frequency

While temp analysis can’t detect various faults like
vibration, but it’s a less expensive technique, and
doesn’t require intensive training and practice like

vibration.
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One of the most benefits of a condition monitoring
program is-to detect potential failures at early state

Determine the PM Interval Using Reliability Data
from PdM Programs
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Introduction about Thermography
Technique

The Technique

Infrared monitoring and analysis has the
widest range of application (from high- to
low-speed equipment), and it can be
effective for spotting both mechanical and
electrical failures. It also requires minimum
skills for analysis.

What is infrared radiation?

Everything on this planet contains thermal
energy and therefore has a specific
temperature. This thermal energy is emitted
from the surface of the material. This energy
is called is infrared (IR) radiation. The
amount of IR radiation emitted at a certain
wavelength, from the surface of an object, is
a function of the object's temperature. This
IS a very important concept, since it implies
that one can calculate the temperature of an
object by measuring the infrared radiation
emitted from it.
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