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Goals of the Course

(What we are here to achieve)

1. Learn to stop Rotating Equipment problems

Learn to prevent Rotating Equipment problems

Maximise Rotating Equipment MTBF

Maximise Rotating Equipment Uptime and Availability
through ...

Maintenance and Reliability Excellence that delivers
Rotating Machinery Health and Wellness

P @ N

Hello, I'm Bill Hi, I'm
Alan

Follow Bill and Alan’s efforts to improve their company’s rotating equipment’s health and
reliability, and lower its maintenance costs while lifting its uptime.

The aim of this presentation is to help you to overcome Rotating Equipment problems and
get guaranteed long, problem-free operation of your Rotating Equipment. The course aims
to deliver the four outcomes listed in the slide. It presents the information and the methods
to do that.

To make the course interesting for you, and fun for me to develop, we will follow Alan (one
of the company’s maintenance supervisors) as he confronts the RE reliability problems in
his operation. To help solve the downtime caused by the failure of equipment he gets help
from his new maintenance manager, Bill. Bill becomes Alan’s resource and coach as he
addresses the Rotating Equipment problems in the operation.

Download PowerPoints from all 4 days at
https://bin95.com/ppt-powerpoints/reliability/eguipment-reliability-excellence.htm
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Defect and Failure True (DAFT) Costs go

Company-wide

®  Labour : direct and indirect

= operators

= repairers

" SUDEIVISOTY

= management

= engineering

= govertimelpenalty rates
*  Product waste

= scrap

= replacement production

= clean-up

= reprocessing

= handover/hand-back

= lost production

= last spot sales

= off-site storage

= environmental rectification
& Services

= emergency hire

= sub-contracters

= travelling

= consultants

= utility repairs

= temporary accommodation

»  Materials
= replacement parts
= fabricated parts
® materials
® welding consumables
» workshop hire
= shipping
= storage
= space
® handling
® disposal
= design changes
= inventory replenishment
= quality contrel
»  Equipment
= OEM work
" energy waste
= shutdown
= handover
= start-up
= inefficiencies
= emergency hire
= damaged items
= Capital
= replacement equipment

. New insurance SpAres
= buildings and storage
= asset write-off’
®  Consequential
= penalty payvments
= lost future sales
= litigation and legal fees
= loss of future contracts
= environmental clean-up
= death and injury
= safety rectification
= product recalls
o Administration
= documents and reports
= purchase orders
= meetings
= Rooms and buildings
= facility services
= stabionary
= planning, schedule changes
= investigations and audits
= invoicing and matching
®  Lost Value from Curtailed Lives
= lost equipment/materials life
= labouriresources wasted
= outsourced services value lost

~ It's unbelievable how much money is wasted all over the business with each failure.
The one | like is the time lost matching invoices against purchase orders that did not
@ need to be raised, but for the failure! The ‘lost life’ of parts is expensive too.

o

What is not well understood, are the massive surge of costs and accumulation of losses
that occur throughout a business when plant and equipment fail. The table lists more than
60 business-wide defect and failure costs that can arise from a forced stoppage. Most of
these costs are hidden from view by the cost accounting practices in use today. Normal
financial accounting practices do not recognised these costs for what they are;
unnecessary waste and loss. Because many of the costs of failure are unseen, little is
done to stop them, yet they continually rob commerce and industry of vast profits.

An astounding realisation is that repetitive failures which happen early after the last repair
lose all the value remaining in the prior repairs. Look at it this way, the money spent on
previous repairs were meant to keep the equipment going for a reasonable time. But when
it failed early the money spent on the last repair never earns its worth back for the business.
So the business loses money in making the new repair now needed, and it loses value from
the money that was spent in the prior repairs. You get a double whammy slugged against
the business — an investment loss and an operational loss!

Download PowerPoints from all 4 days at
https://bin95.com/ppt-powerpoints/reliability/eguipment-reliability-excellence.htm
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The Trouble with Accepting a Defect

Soft-foot is an example of a defect regularly brought
into companies, that then causes on-going problems

’ Bolt Head H Machine Foot H Shank H Thread ‘ —
of shims

Shim 4 Shim H Shank H Thread H Frame ‘

| Bolt Head || Machine Foot

The shims have made the connection more unreliable. There are now
more things to go wrong. They have added cost, additional
maintenance and certainty of human error at some point in time.

£a IT DID NOT HAVE TO BE SO! BIN9S com

.

Defects enter into organisations by the thousands a year, unless the organisation has put
up defences. Once the problem is in your operation, you have to deal with it. In the slide, a
soft-foot defect has been accepted into the plant. To correct it now requires the use of
shims to fill the gap. Though this solves the problem, the shims have caused additional
work. They also represent additional risk to the equipment. If they are lost it is highly likely
the foot will be bolted down into the base frame without them, producing in a distorted and
deformed machine. The parts in the machine will become deformed, be highly stressed,
and fail faster.

By adding shims we may have stopped the deformation, but we have also reduced the
reliability of the connection. From what should have been a bolted connection series
configuration of five or six steps, the addition of the shims has turned it into a series
process of 10 or 11 components.

The best answer to the risk of defects entering your business, is to ensure they are stopped
before they cross your border. Put into place the necessary methods and precautions that
ensure only high quality, high accuracy work is in your machinery from the outset. For the
machine make sure the base is flat to within 0.025mm (0.001”) across the feet and you wiill
not need shims.

Download PowerPoints from all 4 days at
https://bin95.com/ppt-powerpoints/reliability/equipment-reliability-excellence.htm
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The Slow Destroyers

e Corrosion These methods of failure are
. known as failure mechanisms.
e Erosion — They cause ‘age-related’ (i.e. based
on the usage) failures in equipment
e Wear parts undergoing their impact.

—

1) How do you identify slow degradation
(though ‘slow’ is a relative measure)?
*  On-condition and by process changes

2) When do you address it?
*  Once a selected parameter is breached

Cavitation damage on the blades at the
discharge from a Francis turbine

ﬁ% BIN95.com

We need to be aware of all the ways that rotating equipment can fail. The failure
mechanisms listed in the slide, corrosion, erosion and wear, can take a long time to cause
problems. Though length of time is a relative term. It may be years, or many kilometres
travelled, for a part in well controlled benign situations, or it can be several weeks for a
different part in demanding situations. Age related failures require us to look for evidence
of them as the equipment is used and monitor changes in selected parameters. These
parameters include thickness, weight, length, depth, colour, odour, etc. They reflect the
changes that occur as a part is used or ‘ages’.

Slow degradation can take a long time to impact on equipment performance. To prevent the
failures that result we typically use condition monitoring to trend the changes in selected
parameters. We set acceptable limits and once breeched the parts are replaced. We need
to match the frequency of observation to the expected rate of degradation so failures are
prevented.

Download PowerPoints from all 4 days at
https://bin95.com/ppt-powerpoints/reliability/equipment-reliability-excellence.htm
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Equipment Degradation Cycle

The part would fail at
these times if imposed
stresses were that large Repair or Replace

P ‘ The P - F Interval

F Degradation

Impending ‘signature’
Failure

Smooth

Running Change in

Performance is
Detectable

Strength (Health/Condition)

Load — Stress on Part Failed

0 10 20 30 40 50

Item Age

We must condition monitor frequently enough to detect the onset of failure
so we have time to address the failure before it happens.

’& Thank you to Howard Witt for the
- Load-Stress slide

The degradation cycle shows the failure sequence for equipment parts. From normal
operation they go through recognisable stages of degradation. This is the basis of condition
monitoring, which is also known as Predictive Maintenance.

The degradation curve is useful in explaining when and why condition monitoring is used.
Knowing that equipment parts show evidence of developing failure, it is possible to inspect
at regular time intervals for signs of changes in behaviour. The point at which degradation
is first possible to detect is known as the potential failure, ‘P’, point. The point at which
failure has progressed beyond salvage is the failure ‘F’ point. We must condition monitor
frequently enough to detect the onset of failure, so we have time to address the failure
before it happens.

Download PowerPoints from all 4 days at
https://bin95.com/ppt-powerpoints/reliability/equipment-reliability-excellence.htm




