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Victorian Engineering gave us things built to last.

But nowadays nothing lasts forever . ..

So its no surprise that all machinery is going to degrade
and eventually fail.

We accept this when we buy and operate any kind of machine.
Eventual failure isn’t a problem but unexpected failure is & its costly.

Experience or MTBF may tell us the average operational life but it cannot predict
when a particular machine will fail.

Condition Monitoring :

a) allows the identification of which machines have a problem.
b) aims to predict the actual life of individual machines.
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Is Condition Monitoring Relevant to Me ?

Does your company have machinery required to operate :
a) continuously ?
b) at pre-specified times ?
c) on demand ?

How do you ensure this ?

What are the costs of achieving it and failing to achieve it ?

Condition Monitoring (CM) is the first step to enable CBM.

Condition Based Maintenance (CBM) is often the most
cost-effective method of achieving it.

O Copyright 2008 Holroyd Instruments Ltd



CONDITION BASED MAINTENANCE (CBM)

To be effective CBM savings must outweigh the CM costs.

CBM SAVINGS CM COSTS

. s o rchase
iIncrease machinellife\& avaialbility
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reduce unplanned stoppages
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Getting Started on Condition Monitoring :

The field of CM is very diverse and complex.
Many opportunities for making the wrong choice.
The costs can be very high - but they don’t have to be.

Putting CM on the ‘back burner may look attractive but at what price to
your company.
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Getting Started on Condition Monitoring :

You could be very systematic & proactive :

1 On a case by case basis look at each machine and
review the problems it has had or is likely to have.

2 Look at the consequences of these problems on your
business (lost production, spares holding, scrap rate,
secondary damage, maintenance costs, lost contracts,
penalty payments etc..)

3 Review the CM methods available to detect the faults
of interest on the machine and asses their respective
costs of implementation (purchase, training and running
costs).
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Getting Started on Condition Monitoring :

Alternatively you might be acting reactively :
A serious machine failure results in a panic to get CM.

The prospective purchaser often knows nothing about CM
but is under pressure to do something fast.

You are at the mercy of the vendors !
If the failure which prompted the quest for CM implementation
was very serious there is a temptation to buy “the best” by

which they mean the most expensive to “make sure it doesn’t
happen again” - This is a folly
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Getting Started on Condition Monitoring :

A CM Specialist can provide detailed diagnostic information
-but this doesn’t come cheap.

CM doesn®have to be all or nothing. Why not start with those machines where
people jump up & down the most when it fails !

Where there is no spare capacity (e.g. one crucial machine)

Machinery crucial to meeting tight production deadlines.
Old machines where spare parts aren’t available.

Machines for which spare parts are on a long lead time.

Machinery that has awkward access
(e.g. requiring heavy lifting gear or scaffolding to be brought in)

Machinery whose failure could have bigger consequences
(e.g. to other machines or parts of the same machine, the process, the environment)
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Simple or Sophisticated ?

Its not just a question of how much you have in your capital
budget !

How much expertise is going to be required to set it up ?
How much effort will be required to keep it operating ?
How much expertise is needed to understand what it tells you ?

Am | committed to providing the necessary level of effort and expertise ?

Should | be considering using an external service company to
carry out my CM ?

Should | be considering maximising the information | can easily

get from existing information or simple, low cost instruments ?
- simple readings as either one-offs or trends
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CM Can’t Detect Everything

Instantaneous failure modes cannot be detected in advance.

Only progressive failure modes are amenable to being detected early
through Condition Monitoring.

Hence Condition Monitoring has its greatest benefits where the ultimate

faillure mode is progressive (i.e. either a single progressive process or the culmination of a series of
lesser failure events).
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So what Condition Monitoring (CM) techniques are

available ?

1 CM isn®any one technique.

2 Common methods are:
Human senses Airborne noise monitoring
Temperature Vibration Monitoring (VM)
Acoustic Emission (AE) Lubricant / Debris Monitoring
Leak Detection Corrosion Monitoring
Energy consumption Process Parameters
Quality Problems Crack Detection

3 Each method of CM has its own advantages and

disadvantages and areas of best application.
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So what Condition Monitoring (CM) techniques are

available ?

1 CM isn®any one technique.

2 Common methods nge:

Human senses
Temperature

Acoustic Emission (AE)
Leak Detection

Energy consumption
Quality Problems

Look, listen, touch, smell
Subjective appraisal
Requires human access
Fairly insensitive

Good for later stages of
machine failure

rng
M)
nitoring

3 Each method of CM has its own advantages and
disadvantages and areas of best application.
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So what Condition Monitoring (CM) techniques are

available ?
1 CM isn®any one technique.
2 Common methods are:

(a) Thermocouples
Human senses (b) Infra-Red Guns [ing
Temperature (c) Thermographic Cameras M)

Acoustic Ermssmn (AE) s 7 e SRS o litoring
Leak Detection machine failure
Energy consumption
Quality Problems Good for electrical problems
_ Good for insulation problems
3 Each method of CM has its ¢
disadvantages and areas of| Cameras need a skilled

operator
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So what Condition Monitoring (CM) techniques are

available ?
1 CM isn®any one technique.
2 Common methods are:

Lubricants contact all
moving parts

Monitor to optimise
Lubrication changes
& reduce wear

Analyse debris &
contaminants

Infer fault details

Airborne noise monitoring
Vibration Monitoring (VM)

n (AE) Lubricant / Debris Monitoring
Corrosion Monitoring
tion Process Parameters

Crack Detection

CM has its own advantages and

nd areas of best application.
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So what Condition Monitoring (CM) techniques are
available ?

1 CM isn®any one technique.

Overall vibration readings I
(low frequency) :

Airborne noise monitoring
Vibration Monitoring (VM)

Quick way to detect :—

e Galdeiars n (AE) Lubricant/ Deb_ris_Monitoring
Unbalance Corrosion Monitoring
Misalignment tion Process Parameters

Extensive deterioration

Crack Detection

3 Each method of CM has its own advantages and
disadvantages and areas of best application.
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So what Condition Monitoring (CM) techniques are
available ?

FET frequency spectra

Extensive ‘setting-up’
(subjective ?)

Airborne noise monitoring

Very skilled analysis & Vibration Monitoring (VM)

interpretation

(AE) Lubricant / Debris Monitoring
Potential for much Corrosion Monitoring
information n Process Parameters

. - Crack Detection
Requires a specialist

3 Each method of CM has its own advantages and
disadvantages and areas of best application.
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So what Condition Monitoring (CM) techniques are

available ?
1 CM isn®any one technique.
Leaks in pressurised &
2| vacuum systems IS are:
Electrical discharges Airborne noise monitoring
Lses e aldlle Vibration Monitoring (VM)
N (AE) Lubricant / Debris Monitoring
Sensitive & directional Corrosion Monitoring
, _ lon Process Parameters
Here's an example : .
Crack Detection
3 Each method of CM has its own advantages and

disadvantages and areas of best application.
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Airborne Sensor leak detection :

Food Manufacturer
A customer went systematically around their site with the airborne sensor.

They tightened nuts and replaced damaged items to stop the leaks they found.

As a result they could (and did) save the cost of leasing 1 compressor at
£5,000 per year.

Plus they saved the cost of the leaking air which over 12 months amounted
to £25,000.
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So what Condition Monitoring (CM) techniques are

available ?

1 CM isn®any one technique.

2 Common methods are:
Human senses AIrbor  High frequency, good SNR
Temperature Vibrat |
Acoustic Emission (AE) Lubridjes e
Leak Detection _ Corros Instant fault detection on
Energy consumption Proce| rotating machinery
Quality Problems Crack

Very sensitive
3 Each method of CM has its own adva

_ | Skill needed for diagnostics
disadvantages and areas of best appli
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ACOUSTIC EMISSION - The Basics

Source::
source Energy loss processes such as impacts, friction,
* crushing, turbulence etc. produces broadband elastic waves.
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ACOUSTIC EMISSION - The Basics

Source:
Energy loss processes such as impacts, friction,
crushing, turbulence etc. produces broadband elastic waves.

Propagation :
Within the body of the machine.
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ACOUSTIC EMISSION - The Basics

Source:
Energy loss processes such as impacts, friction,
crushing, turbulence etc. produces broadband elastic waves.

Propagation :
Within the body of the machine.

Detection :

High frequency activity is detected by a surface mounted AE
sensor.

AE sensor
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ACOUSTIC EMISSION - The Basics

AE sensor

conditioning
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Source:
Energy loss processes such as impacts, friction,
crushing, turbulence etc. produces broadband elastic waves.

Propagation :
Within the body of the machine.

Detection :
High frequency activity is detected by a surface mounted AE
sensor.

output
pre-processed
e
ggaf"e"_gg characterisations )
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time domain
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Steel Industry — Medium Section Mill - Cold End

This shows the kind of results you get when doing a sales demo.
l.e. a one off set of readings for which you have no previous readings or
knowledge of its internal construction or even shaft speed.

Distress

Saw Drive :

Motor NDE 03
Motor DE 02
Gearbox Input 03
Gearbox Output 02
Shaft DE 04
Shaft SE 03
Pump A :

Motor NDE 16
Motor DE 18
Pump DE 03
Pump FE 03
Pump B :

Motor NDE 02
Motor DE 04
Pump DE 02
Pump FE 02
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Deep Sea Vessel — Recovery Winch

Both Port & Starboard main bearings were re-greased according to manufacturers recommendations.

Occasionally operators could hear an intermittent noise from the winch. Called in Vibration whiz kids who
could only detect the background noises from the ships generator on the next deck below. But when this
was turned off and the emergency standby generator was running instead the noise still prevented detection
of anything from the winch bearings.

By pure coincidence an MHC user was talking to the shore side engineers who mentioned the winch
problem and as a favour he went on board and took two measurements :

Distress
Port Side 04
Starboard Side 26

1) Problem instantly localised.
i) Closer inspection revealed starboard lube channel was tapped into a blind hole !
i) NOTE : Failure of this bearing at deep sea would cost £100,000 per day out of commission.
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White-metal bearings on Power Station generator set

Readings taken on Generator set #9

Distress
HP Rotor DE 03
HP Rotor NDE 04
LP1 Rotor DE 04
LP1 Rotor NDE 03
LP2 Rotor DE 03
LP2 Rotor NDE 03
Generator Rotor DE 04
Generator Rotor NDE 03
Exciter DE 19
Exciter NDE 16
Pilot Exciter 07

The Exciter had previously had problems of arcing in the bearings and
these had been ‘blended out’ and the bearings returned to service.
Prior to seeing these measurements they believed that it was as good as new.
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Middle East Food Company (anonymous)

500 points periodically checked and actions taken if Distress >10.
This approach has proven to be very successful as illustrated by these examples :

Measurement Point Distress Action Consequence

Conveyor C5 TE 11 Re-greased Distress fell to 01
pulley bearing NDE

Bag Conveyor C 25 Found 4 loose brg. Distress fell to 01
Shaft Bearing DE bolts. Re-tightened.
Silo Conveyor 39 Re-greased Distress fell to 06

snub pulley bearing
Flue Gas Compressor 18 Re-greased Distress fell to 13

Big Bag Conveyor 45 Re-greased Distress fell to 13
Gearbox Output

Bag Transfer 40 Gearbox oil changed Distress fell to 05
Gearbox output

Jet 3 Pump NDE 21 Bearing cartridge oil Distress up to 23

oil changed.
Thorough inspection
reveals bearing too loose.

. Replacement recommended.
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IMPACT OF SIMPLER CM INSTRUMENTS :

1 Historically CM viewed as the province of specialists
who pass on action reports to the maintenance function.

2 Benefits of maintenance function taking on CM.

3 CM needs to be compatible with skill levels and time
constraints.

4 The role for CM specialists still exists for diagnostics.
NOTE : Potential for conflict of interest if contract engineers
are responsible for both CM and carrying out the

maintenance unless they are on a fixed price
management contract.
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The ‘Go For It’ CM Implementation Life Cycle

1 Initially you’'ll find lots of problems & unexpected failures will
reduce dramatically.

2 Maintenance costs will increase in Year 1.

3 By Year 2 maintenance costs will reduce and
unexpected failures will keep at their low level.

4 By Year 3 management will question why so much
needs to be spent on CM. Maintenance costs are not
further reducing and unexpected failures aren’t an issue
now the problems have been ironed out.

5 By Year 4 CM will be cut-back and failure rates and
maintenance costs increase from that point on.

THE SOLUTION IS TO IMPLEMENT CM GRADUALLY

AS YOU KEEP ROLLING CM OUT YOU'LL KEEP GETTING SAVINGS
SO THERE IS A REAL BEENFIT FORM STARTING SIMPLE
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CLOSING THOUGHTS ON CM

CM instruments solve nothing on their own, savings only result from acting on
the information they provide - this requires the right technique(s) to be properly
applied.

This means that if you buy a CM instrument that you won’t be confident enough
to use or be confident enough in what it tells you then you are wasting your
money.

It also means that the planning of maintenance activities must be able to react
to CM findings in a timely manner.

Communications lines are shorter if maintenance personnel are also responsible
for doing the CM.

Having a CM capability within your maintenance function means you can
immediately confirm the effectiveness of a repair before handing back to
production.
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