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4. Human Error Tip
Areactive environment tends to bring an adrenaline rush to the faciity and a common cause
o keep the production moving. If a facilty was totally reliable, the rewards are boredom and
insecurity as everything is running smoothly and now maintenance people fear losing their
jobs. As organizations move towards Reliabilty they should let their maintenance people
know that as the number of failures decrease, there will be many challenging jobs available
in the Reliability Department. Most Reliability departments are understaffed because most of
the people are out there fixing things that break. RCA, RCM, Vibration Techs, Infrared Techs,
UT Testing, Eddy Current Testing, Lube Ol Analysis, etc. are all tasks that need to be done
under the Reliability umbrella and often do not have enough resources to keep up with the
tasks.

Tip provided by Reliability Center Inc.

hitp:/www.reliabilty.com

5. Vibration Analysis Tip
VIBRATION TRENDS

Always set up trend parameters in your vibration database. Most vibration analysis software
will allow the overall equipment vibration and specific frequency ranges to be trended over
time. Trending this information will help identify problems as they occur in your equipment
Also, this will help determine the severity and repair urgency of the problems identified.

For example, if the vibration trend is increasing slowly, then the failure may not be
progressing rapidly. However, if the vibration trend increases sharply between readings, then
the problem may be progressing more rapidly than previously thought, and failure may be
more imminent.

Tip provided by LUDECA, INC.
ALIGNMENT * VIBRATION * BALANCING
hitp:/www.ludeca.com

Tel: 305-591-8935
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1. Maintenance Tip
The purpose of maintenance

The fundamental purpose of maintenance in any business is to provide the required capacity
for production at the lowest cost. It should be regarded as a RELIABILITY function - not as a
repair function.

By Ray S. Beebe, Author, Predictive Maintenance of Pumps Using Condition Monitoring

2. Reliability Centered Maintenance (RCM) Tip
Aworld class Reliability Centered Maintenance effort i totally dependant on the selection of
your RCM Facilitators. The RCM Faciltator must have the experience and dedication it takes
to adhere to the step by step RCM process, leading the team by the correct questions in the
correct order. Your RCM faciltators should remember its more important for them to be
experts in the RCM process and not experts in the process or equipment they are analyzing.
Tip provided by Doug Plucknette

Reliability Solutions Inc.

3. Vibration Analysis Tip
TIME WAVEFORM ANALYSIS

The time waveform arguably provides the best amplitude representation of the actual
vibration source. Directly, the time waveform can provide accurate overall vibration levels
(analog), it can indicate a low o high frequency strength contribution in the signal, it can be
used in vibr i i

be scaled to indicate the influence of distortion or transient effects in the signal (crest factor,
form factor).

The time waveform that we see in data collectors has, however been modified from the
original continuous transducer signal. Some of the factors that can modify the amplitude
include; the Signal Processing Sample Rate selected, possible integration or differentiation
of the displayed Vibration Parameter (displacement, velocity, acceleration), the Amplitude
Scaling selection (Peak, Peak-to-Peak, RMS), selected Scaling Ratios (Crest Factor, Form
Factor), and even the Transducer Sensitivity Limits (Amplitude thresholds, Shock Limits,
Saturation, ec.).

The time waveform may not be as clean and true as we think. A ltle knowledge of the signal
processing and transducer impacts on the signal can be very important. More important is
that proper trending requires that these parameters not be changed from survey to survey.

Tip by Dan Ambre, P
Full Spectrum Diagnostics, PLLC
3625 Rosewood Lane North
Plymouth, MN 55441

Phone: 763-577-9959

Web: http:/www fullspec.net
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£55.00
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NN 1999 +Hb + 33390

£49.95

R. Kermn Mostey
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£50.00
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ROOT CAUSE FAILURE ANALYSIS|

1999 + Hb » 296pp

Roor Cause
FAILURE ANALYSIS
P £56.99

R. Kerri Mostey

“This book provides the concepts needed to
effectivey perform industrial
roubloshooting investigations. It descibes.
the methodology to perform Root Cause
Failure Analysis (RCFA, one of the hottest
topics in maintenance enginsering
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book that s easy o read. It will be bought and

P cases of compe

An oxpert guide that discussos and ovalustes

of rofessions. ENGINEERING WORLD

and troubleshooting guidelines, which are
d to perform RCFA on machinery
o gt i s

©

COMPUTER-MANAGED|
MAINTENANCE SYSTEMS, 2E
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To maintain the value of your investment or property is as important a

he investment itself. Whatever the size of
your investment or property, it should be preserved and maintained. Saudi Oger are the specialists capable of

managing, operating and maintaining your property / investment to the highest world standards. Never mind the
complexity of your investment we will make its growth our first concern. This has been provided through the years

with an impressive st of our satisfied customers.
axsasall asngl srsen a5
SAUDI OGER LTD.

saudioger.com
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SAVES HIM ENERGY
SAVES YOU ENERGY COSTS

TRANSAIR®

RAPID FIT PIPEWORK SYSTEMS FOR
COMPRESSED AIR © VACUUM ¢ COOLING WATER

g

A

Time is money. So if a Transair aluminium
compressed air pipework system can be
installed in hours rather than the days it
takes for traditional galvanised, the
savings on manpower speak for
themselves

In service, too, Transair is a clear winner
when it comes to energy saving
Extremely low pressure drops befween
compressor and point of use mean
maximum air flow, less waste and
greatest economy.

Transair pipework systems won't rust
like galvanised, either. They won't
crack like plastic, and they won't lose
pressure like box aluminium.

They're not only rapid fo fit, they're
fast and easy to modify, and cll
components are inferchangeable and
completely re-useable.

Lightweight for ease of installation,
Transair pipework is ovailable in both
aluminium and stainless steel.

Telephone
01452 623500
for more information or visit
www.legris.transair.com

Take a look o the Transair advantage:

* Six sizes from16.5 to 101Tmm
diameter

* Wide range of componens fo tailor
your system

* Experienced distributor nefwork
and trained installers

bility

* Bost performance

* Ropid avai

* 10:year guarantee on all pipework
and components




| An innovative approach to developing
operations and maintenance strategy

with respect to scope and quality of work and an
awful lot of problems (and redundant inspections)
go away!

Ultimately, each gateway should have a
management plan to ‘shut the gate’ and prevent
the causes of premature failure 1mm getting
into the system. This is accomplished through
faiure avoidance activities that are e
much to beh they are

Maintenance and Total Productive Maintenance,
together with some new ideas of our own. We

ave brought these concepts together within our
own facilitated workshop processes using (visual)
engagement techniques to produce a simple,
structured and repeatable process.

We have applied the new process in a number of
diferent industial environments (in mining and
in Australia and North An

and maintenance practices. Every department can
make a significant contribution to keeping the
gateways closed.

Keep the gateways closed and a lot more problems
(and redundant inspections) go away, reducing,
sill further the chances of inducing premature
failure through human intervention.

Again, in practical application we have found that
over 85% of all failure causes for an equipment
system are addressed through the combination of
the repair strategy and the failure avoidance activities.

A relatively small number of failure causes

are unavoidable. These are usually related to
definitive life (wear out) characteristics or natural
degradation of components in the process and
equipment system. A few of them will emerge as
the driving failure modes that determine the need
for the repair intervention. These failure modes
are best detected through condition monitoring,
failure finding actions or other effective strategy.
Yes, we can use the RCM logic here to good effect,
but only on the remaining failure modes that have
not previously been ‘filtered out’through the prior
steps in the process.

IN CONCLUSION

In using these concepts to develop a new approach
10 equipment operations and maintenance
strategy development we have integrated elements
of Lean Thinking, Systems Thinking, the Theory

of Constraints, Failure Modes and Effects

Analysis, Root Cause Analysis, Reliability Centred

involving a mix of operations, engineering,
‘maintenance and logistics personnel. On each
occasion we have had positive feedback from
the participants and the emergent operations
and maintenance plans have been significantly
simpler and more purposeful than those that
were previously in place. Equally importantly, we
have witnessed a learning process that generates.
significantly stronger ‘shared ownership’ and
understanding of the resulting actions (and
associated implementation plan) than we have
ever seen with the more traditional methods of
equipment maintenance plan development.
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Rethinking Reliability
Centred Maintenance

‘grouping and gain even more life between failure”
- valuable uptime is increased. (see the bottom line
in Figure 4)

Another result of this grouping is an array of
standardised repair activities that can form

the basis of a lower cost and higher reliability
operating regime. We now call this a ‘Re-ft Strategy.

(CONCEPT 5: ‘GATEWAY" MANAGEMENT
PLANS

‘The rationale behind RCM suggests that the
‘majority of equipment failure modes exhibit a
random pattern of occurrence. While accepting the
random nature of these failures as a fact of life, we
need 10 recognise that the majority of root causes
lie in human intervention (or lack of it) rather
than in genuine random life characteristics

Every component has a ‘genetic code’ built
in through its design and manufacture that
determines its expected (design) life and capability.
When operated under is design conditions,

most equipment should achieve a reasonable
proportion of its design life, thereby displaying

Operating / Pmducing

0,
$ e,
@ s

Figure 5

wear-out or natural degradation life characteristics
rather than random failure. But lfe is not perfect
and we do experience random failures on much of
our equipment; the question is ‘why?’ - and how
best can we avoid them?

Conceptually, our equipment operates within a
design envelope that is punctuated with ‘Gateways'
(see Figure 5) through which we induce the causes
of random (and often premature) failure. Keep
these gateways shut and a significant proportion of
our failure modes are avoided. sometimes
referred to as failure avoidance or defect
elimination.

The ‘Maintenance’ gateway is the path through
which maintenance related defects enter the
system. Correct scope definition and quality
assurance in our repair strategy is one of the
mechanisms we can apply to minimise the
number of defects entering the system this way.

In fact, working from a base of detailed Failure
Modes and Effects Analysis (FMEA) we have found
that well over 60% of the root causes of failure for
a particular equipment system can be addressed
during the repair intervention. Get the repair right

Maintaining

PR

Machine “genetic code”
determines life under

ideal conditions

%,
oy

B

Environment
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An innovative approach to developing
operations and maintenance strategy

CONCEPT 4: ‘'SYNCHRONISING’
CCOMPONENT LIVES TO REDUCE WORK
Another important issue in validating the notion
of a repair strategy is the concept of synchronising
component lives to increase the predictability and
reliability of equipment performance.

Consider the performance of almost any complex
aray of equipment and you will undoubtedly find
a high number of different failures combining in
their effect to produce a surprisingly low overall
mean time between failure. Of course that doesn't
mean that every component s always failing itis
simply a symptom of a number of components
having a number of failure modes, all with different
failure frequencies and all occurring at different
times (see ‘Resultant MTBF" line in Fi

the start of all the component

s - the result
being the emergence of an initial uniformity in
the equipment's lfe between failure’ (see the

“Synchronised Start line in Figure 4).

Suppose we then implement a series of
programmed repairs whose scope of work is
based on ‘groups’ of failure modes clustered
around suitable time slots. Some failures would
be repaired before due time (and therefore more
often than technically necessary) but the effect
would be to reset the MTBF clock and reduce the
number of repair interventions required, thereby
gaining a corresponding increase in overall ‘life
between failure!. (see the ‘Grouped" line i Figure 4)

Letus then apply our reliabi

engineering skills

‘mean time between failure
ta * * * * » ¥
s % % % % (% x ¥ »
c ¥ » * *
b ¥ 0w » T ¥ »
L s e AN R IS

ResultantMTBF MOl ¥ M Mk

oM RN SR RN T

TR T
f“t .

Synchronised Start ¥ | ¢» 9 * %
» »
Grouped ® g )
* *
(with B's MTBF i ; i
extendedt0A)
Figure a

Working from this scenario, imagine we had the
budget to complete a comprehensive equipment
repair such that we re-set the life of every failure
mode to zero. By doing so, we would synchronise’

{ it AL
R

10 extend the service life of the more frequent
failure modes (in the botiom line of the picture,
failure mode B's MTBF is increased to match that
of A). By doing so, we again change the pattern of

Synchronised and clustered repair strategy ~ Improved overall MTBF

[CELERLOE s o
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Centred Maintenance

scattered actoss all departments and support
infrastructures (see Figure 3).

& By/adding the equivalent capital
value of the indirect costs to the
@ bottom line we are able to gain
amuch beter appreciation of
the relative effect of increasing
Disposal throughput versus reducing either
the direct or indirect operating
costs. Play with this equation and
you will find that the biggest wins
lie in increasing throughput and
reducing the indirect costs.
[Note that in mst industies, the
direct opeating expenses have already been squeezed
10 death and there i often e room for further
reduction without radical changes to process technology:
Conversely, useful increases in throughput can often be
achieved with little change in direct operating expenses.
There i almost always room to reduce the indiect costs
= if we lnow what and where they are

teresting way to explore the effect of costs
that are ‘hidden’ within our organisational
support infrastructure is available using the cost
performance model postulated in the Theory of
Constraints (TOC), eg. -

Return on Capital Invested (ROCI) = Throughput ($) ~ Direct Operating Expense
We can reduce overall costs by reducing the
complexity and variability of our maintenance
repair actions, for example -
¥ Better definition of scope, quality and resource
requirements will facilitate more effective
planning, scheduling and (Just in time, or
Lean) resource provisioning for repair actions,
thereby reducing both direct and indirect costs.

Capital Invested

In populating this model with data at a client’s
mine site we calculated -
» Throughput, as the cash value of the
product [Run-of-mine (ROM) ore),
» Direct Operating Expenses. as the
sum costsof all direct labowr, materials,
consumables, fuel and energy consumed,

» Lower error rates in work quality
(towards Six Sigma maintenance
performance) will reduce indirect cosi.

» Higher levels of operating campaign Iife
assurance will provide more predictable and.

» Capital Invested, as the sum of the capital
value of the production and infrastructure
support facilites plus the capital value of

all inventories plus the capitalised value of
the annual cost of all remaining indirect
operating costs associated with administration,
services and logistics support, etc.

stable production with less waste and higher
throughput (towards Six Sigma AND Lean
production performance), thereby increasing
revenues as well as reducing indirect costs.

(oA =1 o1 -



An innovative approach to developing
operations and maintenance strategy

‘The practice of repairing on demand appears
10 be sound in that the repair task s designed
specifically to address what is known to be wrong
at the time and maintenance costs appear to be
contained because only the necessary’ work is
done. Butis this really good practice? To make that
judgement we first need to think about the real
objective of our repair strategy.
b Is it to do whatever work needs to be
done at minimum cost and minimum
equipment downtime to repair the
reported faults on the equipment?
» Oris it to ensure that the equipment will
function reliably for the whole of its next
scheduled operating campaign (see Figure 2)?

If the objective is the latter (which it should be)
then the immediate departmental objectives of
minimum cost and downtime (MTTR) could
be driving decisions and practices in the wrong
direction. Rather, we should be asking the
following three simple questions

(i) What do we need to do to the equipment
when it is shut down to assure its capability
for the next scheduled operating campaign?

(ii) What do we need to know that wil determine
when a shutdown will be necessary?

(iii) What do we have to do during the operating
campaign to prevent premature failure? The
relevance and application of these questions
will become clear later in the paper.

CONCEPT 3: A ‘WHOLE SYSTEM' VIEW OF
cosTs
“The concept of le

g our repair trategy drive our

suggest a degree of over-maintaining rather than
minimising and tightly controlling maintenance
costs. Since this could be a paradigm shift away from
mainstream thinking in many industries, we are

not going to get away with the idea unless there is
asound business case. Any perceived cost increase
must be offset either by a corresponding increase in
product output (and hence sales revenue) or by a
reduction in overall costs

But do we understand the real costs of our current
maintenance plans? By accepting a different scope
of work at every repair intervention we face a
complex array of ever-different repair tasks, each
requiring individual planning, job safety analysis
and resource provisioning, The variety of work
demands flexibility and responsiveness in the
maintenance and logistics support infrastructure
and variability invites errors, all of which adds to
the complexity and costs of operating the business.

Equally, from a cost control perspective, we
probably shoot ourselves in the foot by being
100 flexible and adaptive in responding to
highly variable ‘customer requirements’ without
questioning whether those requirements are in
the best long-term interests of the business i
the first place. Long-term

Repair strategy concept
Focuses on campaign life assurance

Production Campaign (n)

Time (Campaign Life)
—_—

Figure 2

Production Campaign (n+1)

CAMPAIGN LIFE ASSURANCE
(Rate x Tim

costs and reliability are often
compromised by peer pressure,
short-term decision-making,
and ‘cost control’

Some cost reduction
opportunities are easily visible
(such as production losses
due to extended downtime),
but many remain hidden in
the organisational norms

of our day-to-day business. They are hidden in
inventories, inefficiencies, transport costs, re-
work, additional labour and other forms of waste
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Centred Maintenance

before we have even started the development
process. By starting out with departmental
thinking there is always the risk of optimising.
departmental outcomes at the expense (rather
than to the benefit) of the organisation as a whole.

The general RCM approach is to segment

the equipment into small items via the plant
index, identify potential failure modes for each
equipment item, and then develop corresponding
maintenance actions to address those failures.
Nothing wrong with that, except that with this
process, almost every failure mode (other than for
‘operate to failure’ items) s likely to end up with a
corresponding action to inspect the equipment to

determine or predict the status of the failure mode.

If not controlled well, this process can result in
the development of equipment maintenance
plans that have a large proportion of ‘inspection’ or
“inspect and fix as required activities, often with little
thought being given to the repair activities that
must follow (see Figure 1).

Down the maintenance leg approach

Production / Uptime
Function

REM Anatysis

Monitoring &
inspection Actions

Yoo much Paper

Poor Compliance

Planned Maintenance
“Gptimisation

Itis easy to justify a
proliferation of inspection
activities under the banner of
‘proactive’ maintenance. It can
also provide an ideal ‘cover
your butt’ approach for risk-
averse people by apparently
having a plan o cover any
eventuality. While there is
no question of the value of
focused condition monitoring
activities that drive specific
repair decisions and actions,
itis clear that a maintenance
plan that contains a
proliferation of check and
inspect actions can pose a
number of disadvantages, viz.
» It s easy to focus
inspections on the
symptoms of failure rather
than on the root causes;

Figure 1

» The act of inspection alone does not improve
the equipment condition and therefore does not
necessarily add value to counteract is cost;

» Inspections are prone to being tagged as
lower priority in the event of other worl:
arising and often do not get done;

» The act of intrusive inspection can induce
Jailures that might otherwise not occur;

» Any task that includes ‘inspect and repair
as required actions has an indeterminate
work content and therefore canriot be
planned and scheduled effectively;

» As we shall see later in this paper, many
inspections are unnecessary if the correct
repair (or re-fit) strategy is applied.

[Note: As we probably all realise, many of the causes
of equipment failure lie outside the control of the
maintenance department, yet maintenance people are
often tagged with the sole responsibility for equipment
condition and performance. Are maintenance people
the only ones responsible for equipment reliability? Of
course not. Hold maintenance accountable for things
that they have no authority (or sometimes even the
ability) to control and of course you will end up with
over-kill in the maintenance plan).

CCONCEPT 2: AN ALTERNATE VIEW BASED
ON ‘REPAIR STRATEGY"

A common outcome of a proliferation of
inspection based strategies, especially when
coupled with poor compliance, is the situation
‘where equipment repair tasks are defined and
expedited (rather than planned) at short notice
based on immediate feedback of equipment
condition from the field. This situation s easy to
validate through the simple measurement of ‘work
order lfe, the difference in days between the date
raised and the date completed. In some indusiries
we have found that over 80% of work orders are
raised and closed within a period of less than three
days - a sure indication that those jobs would not
have been planned and scheduled effectively.

[CLATLOA] 1 o
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An innovative approach to
developing operations and
maintenance strategy
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The author discusses how we might
reconsider our approach to developing
equipment operations and maintenance
plans - so that we do so in a way that

-
v
E
1]
=2
<

takes into account a broader range of
concepts, including lean and systems
thinking, while strengthening team
ownership and implementation of the
resulting actions.

BACKGROUND

echnically, there is no question as to the
Tvzlldily of Reliability Centred Maintenance
(RCM) as an analytical decision support
process, nor to the levels of improvement in
systems reliability that have been achieved through
its diligent application. However, the application
f RCM exists in a number of different forms (or
commercial versions) that have been applied to

plans wrong, oris the problem about continuous
pressure o reduce costs? Have we been able to
implement and comply with our plans, or have
we struggled (too many tasks and too much
paperwork) and kept changing our strategy i
hope that implementation might become e:
Have we optimised with respect to maintenance
and produced something that isn't really optimum
within the whole business context?

the

Is RCM the best we can do? To answer that
question we have to think beyond the logic of the
analytical process itself and consider what needs to
be done to achieve the next level of breakthrough
in improving the way we operate and maintain our
equipment and production processes.

“This paper discusses five key concepts relevant

10 the task of developing effective equipment
operations and maintenance strategy, and shares
recent experiences in rethinking and applying
different logic to that task.

CCONCEPT 1: ‘GOING DOWN THE
LEG"

ferent equipment situations
ty of levels of success.

Have the resulting lans alw:

A good place to start our rethinking process is
to reflect on the basic approach for developing

provided an optimum outcome for the whole
business? Maybe so - but why then do so

many sites seem to have a continuous need to
re-engineer their preventive maintenance? Is the
equipment changing that fast? Are the original

equipment plans that are structured
generally around standard RCM thinking.

Akey word here of course is ‘maintenance’
- indicating that we may already have cemented
ourselves into maintenance departmental thinking

[CELERLOE s o
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Generating Failure Codes for CMIMS

Implementation

A: Infant failure followed
by a long period of
gradually increasing or
‘onstant hazard rae.

8: Along period of
graduall increasing or
constant hazard rate
followed by a rapid wear

Root Cause Failure Analysis to determine
‘causes of infant failures. Interim

stage parts and personnel i repairs.
required. Do not implement time based
maintenance.

Potential for time based replacement or

overhaul at or just before the point where
ear-out begins 10 occur.

Failure Analysis f wear-out is occurring

out perio

C: Very few initia failures
followed by a short

of rapidly increasing
failures then a long period
of gradually increasing or
constant hazard rate

earler than esired or required to meet
business objectives.

Predictive maintenance or constant
condition monitoring. Root Cause Failure
Analysis if residual hazard rate is too high.

period

hazar

0: Constatyinceasing
dra

Time based replacement or overhaul
depending on the level of acceptable cost

E: Random Failures with

Run-to-failure, predictive maintenance,
or Root

Cause Failure Analysis if hazard rate is
higher than desired or required to meet
cost and risk needs.

F: Combination

Ul \W

Mayteque diferent srategies depending
n where in lfe cycle.

Table 4 Hazard rate trends and possible maintenance strategies

THE BUSINESS DECISION - WHAT IS
IMPORTANT

“The final decision for a maintenance strategy has
tobe based on the business impact of the failure

in terms of cost, safety criticality, environmental
riticality, and operational criticality. We can
improve the RCM process by integrating these
factors with Weibull analysis to reach decisions that
make the most business sense.

CONCLUSION

Using functional analysis of equipment to generate
failure codes for the CMMS can significantly
increase the value of the information we get back.
Functional analysis allows us to focus on the failure

items that prevent the business from achieving

its goals. The use of two-part codes significantly
reduces the size of the code list and helps to
improve the likelihood that the people responsible
for entering the codes will do so.

Using Weibull Analysis to investigate the data
derived by adopting the coding will ~ in conjunction
with just a few simple guidelines ~ significantly
improve the decision-making process.

Author’s contact details.

Bill Keeter, CMRP

President, BK Reliability Engineers, INC.

PO Box 442, Titusville, Florida 32781, USA
Phone: 3217470256 Fax: 800-350-4449
Emal: bill@billkeeter.com
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etc, and a time zero for the installation or overhaul
of the component (see Table 3). We put the times to
failure into the software, and then simply interpret

the results (see Figure 5). With only a small amount
of training we can improve the deci
process so that overall reliability can be improved.

making

to change the filters. At B10, for example, we could
expect that 90% of filters would not have suffered a
failure due to blockage..

Table 4 shows some of the different Hazard Rate
trends that may be encountered in practice and

‘The key thing to

possible gies for dealing with

of a given set of Weibull valid if
it has been derived from the analysis of a a single.
failure mode, such as seized bearing; or ‘loose belt.

‘The ‘B’ values shown in Figure 5 represent the times
at which 10%, 15%, or 20% of the flters are likely
to become blocked. These are unreliability values
which we can use to decide when we might want

them. use will be very
dependent on the business impact of the failures.
Weibull analysis is an aid to identifying the type

of trend, but it only gives us an estimate of the
probability of success. It does not give us all of the
information we need for making the best business
decisions.

Blocked Filter : Blocked Filter

Weibull Failure Rate Graph

0.0004
000036
000032
000028 e s
w0 tans
£ o000 s
& o arnes
© o002 o o
=
B 000016
0.00012.
8es
4e5 ’
“ Distribution Rate
) Regionalised Rate
0 6000 12000 18300 24000

Time

Figure 5 Weibull curve generated from sample data
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D IO DEEX XIS

1 FIECA Ly | 0 FIECA Tbes | 7 Webot|  FUECA | Rests |

mSYSTEN Low Pressure Absorber

Figure 4 Equipment failure modes/causes

information for Weibull Analysis. By developing

codes in this way we eliminate the huge laundry lists
of codes that often lead to overuse of the ‘Other”

resmoesreor
1-Transfer Pawer Smaathly and St
e <73 Cracked
1 Falled input Bearing
e Ok Table 2 Failure type code examples
-emB Rough Operaton
L+ Broken Gear
nster ZING THE D.
{1 Strpped Gear
i o i There is not much use in collecting failure data
|3 8roken Output Shan unless we can analyze it to determine what sort
[ Broken Transler Shat of maintenance strategy we might use to improve
[—ms seized nput Bearng o 4 S
ol e b overall equipment performance. Weibull Analysis.
|-emsLower ~ invented by Waloddi Weibull during the 19305
=11 Produce Desired Volume ofAr at Speciied Statc Pressure _ allows us to use small amounts of data to make
(oMo oame e powerful decisions about maintenance strategies. By
2801 Sipging using different values ofits defining parameters, eta,
3 Bearing Dragging beta, and gamma (see Table 2 of Dave Thompson's
[FEmE No Vokume paper) Weibulls probability distribution, in its
|1 Broken e
Pty Hazard Rate form, can be made to describe each
[ms seized votor of the three phases of the well known ‘hathtub’
s s i e o e B R
| EE—sisranfiatenl probabilty, per unit time, of failure, given that the

item has reached age ¢ without failing.

Weibull software now allows us to analyze failure
data to determine the eta, beta, and gamma
parameters rapidly, and to see if our data set makes
any sense to us. All we need is some basis such as
calendar time, operating hours, number of cycles,

code because it is 5o hard to find the right one Sckedfiter 22712 | Jagnjowol | Fitarbocked
blocked fitr | 15503 | low oil pressure | cleaned fitter |
blocked fiter | 22962 | low ol pressure | cleaned th fiter
DEBRG. Drive End Bearing ed fiter | 23% | moving to slow, | cleaned fiter ‘
NDEBRG Non Drive End Bearing boirhe Tresl Tooct sater
blocked iter |21167 | notworking | ceaned and
BT Belt Coreciy Gnbiocked fiter
[/ Shaft blocked fier | 20106 oil pressure low | filter was blocked
GR Gear blocked fer | 23616 | ol pressure ow | fierbadl blocked

Table 1 Component code examples

Table 3 Example of time-to-failure data
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FUNCTIONAL ANALYSIS TO THE RESCUE
By focusing on the function of an item of equipment
and developing the failure modes that could lead

FAILURE MODES OR HOW | LEARNED TO

TROUBLESHOOT IN ADVANCE

“The next step in the functional analysis is the development
iated with the loss.

schemes that will enabl us to use staistial

et Ot (i modcs are
e loss of

tools, such as the We din
Dave Thompson's paper in this issue, to get useful
information for making reliability improvements.

‘The functional analysis structure is much like

simply
equipment function.

‘The failure modes now become the basis for CMMS failure
coding. Its helpful to break the failure mode into two parts,

the structure in the CMMS.

the first being d the second the

pedin g
of how a plant’s component units, or equipments,
are joined together to perform the plants overall
function. The functional hierarchy is developed
using the equipment hierarchy as its basis. It starts
at the top level and works its way down to individual
maintainable items within the plant - such as
pumps, gearboxes, piping, and fans. It might look
something like what we see in Figure 2.

‘We next describe the functions of the vz
pieces of equipment (see ngm 3). The loss of these

description of Tables 1 and 2). These codes
can later be exported from the CMMS to a spreadsheet
S0 that they can be manipulated to produce useful

b

BEH B mm==lE 0B 288 ¢ w

® FUECA | Livay | @ FUECA  Tabies | 7 Weiuh| v FMECA | Resuts |

BSYSTEN Low Pressure Absarber

functions is
might be the basis for the o e
work order generated for a failure.

T

28 &

@0 (=8 80

a1 Transter Power Smoothly and Steadiy
AVbration

18 Rough Operation
C:No Power Transfer

| ommrocucs Dot ohen ot e Spched S Presses
ALow Ve

Arichiig

W FMECA | Library | (0 FMECA | Tables | 1} Weibull|  FMECA | Resu
ESYSTEM : Low Pressure Absorber
IGEARBOX

BLOWER

IDIRECT DR AGITATOR
BELT DR AGITATOR
MOTOR

PUMP

Figure 2 Equipment hierarchy

oz Opuse sty ity
Ao Ope
Gperion
H-emoRECT DR GTATOR
>

AN

Smoalhly
AVibraton or Shaking

Figure 3 Item functions and functional
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FAILURE CODES, THE NEED
ne of the most common complaints I hear from companies
they hardly ever get useful information for maintenance

improvement back out. More often than not, the root cause of this

problem is that togs y

are not well devised. In many instances maintenance personnel are

asked to make judgments about the root causes of failures when it is

President, BK Reliability Engineers, Inc. impossible for them to have the information they need at the time

failure codes are entered.

Bill Keeter

FAILURE CODING EXAMPLE

‘ One of the most frequently used methods for arriving at failure codes

‘All that data is for a group consisting of maintenance engineers and craftsmen

but no information’ tositdown andthinkup the codes in the light of their memory of

what has failed and how. The result i often something ke what we.
seein Figure 1. Failure codes such as these do not lend themselves to
useful data analysis. Craftsmen are often not in a position to know
whether the filure was due to lack of lubrication, or normal wear and
tear (NWT), or whatever. In most cases a craftsman would not enter

4 One of the most important parts “Maintenance Error as the cause of the failure,

& of Computerised Maintenance

4 Management System (CMMS)

.& implementation is the T TE =T
generation of failure codes for Failure Information: |
the craftsmen to record. Picking |

: Root Cayse
good codes means that you will B o
have information that is useful L O cosmaranen
for continuous improvement Qeefi Geowme B |
activities. Picking inadequate Reason for Failure
codes means that craftsmen PhansCoch O s skl
03 03 comasn [op—

will soon grow tired of carefully [ P P [S———

: O usotlweson O secnstrsnn [ O Err
entering codes that are not o e Daee
perceived to generate value for Y soq oo E1 ot 03 ot
the organisation. This paper action Thien
explores how to use Failure Pites Chck O Mont At
Modes and Effects Analysis hrea Oante B
(FMEA) or Equipment Functional 0 s R s SR
Analysis methods to generate W |ty The Gaske on 7o it (el
useful failure codes.

Figure 1 Failure code example for a gearbox
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and Asset Management

had the problem of deciding whether to refurbish and
relocate an existing transformer, or whether it would
be preferable o purchase a new one. Ths problem

analysis provided a spend-limit that was appropriate
for the revenue-regulated environment.

had inthe

To solve the problem by the cost comparison method,
itis necessary to estimate the life cycle cost of the
replacement transformer. The type of transformer in
question is 2 major capital item with an acquisition
cost exceeding $2,000,000. Life cycle cost analysis
was therefore carried out in the course of acquisition
procedures, and the results of this analysis were used
in determining the spend-Jimit. Some refinements

were added, (0 allow for the risk-cost of in-service
failure of both the old and new items, and to adjust
for the resulting loss in effective lfe.

Another feature of the transformer problem is
that, given a regulated environment, revenue
considerations become a factor. For many problems

“The resultin that the NPV of
revenue from the old machine was greatly reduced
regulations which relate revenue to depreciated
value. This leads to low values of the spend-limit and
10 decisions to replace rather than refurbish. Whether
that is a good result or an unintended consequence
of a regulation system is something on which asset
managers and regulators may like to ponder.

'CONCLUSIONS
imit policies provide asset managers with a
100l for managing maintenance practices. Expensive
repairs, the cost of which would not be recovered in
subsequent service, can be curtailed. Maintenance-
focused departments might tend to carry out such
repairs, either in their own interest, or for lack of

involving

ability of the equipment does not change markedly

overts normal operating e This means that the
be regarded as cost

autho herwise. Savings can also be made
from the continuing use of items that are old but
in satisfactory condition. Such items can provide
capacity and reduce loading on

pmblms, as we have done so far.

Minor changes to revenue generating ability - or,
for example, minor changes which may occur due
t0loss of performance - can be adjusted for within
a cost minimisation framework. However, if the
revenue generating ability of the old equipment is
much less than that of the new then a profit (or net
revenue) maximising approach should be taken.

For revenue maximisation
Spend-limit = NPV(old) - [EAV(new) x Remaining
ife of old transformer] (2)

fe cycle for new transformer,
PV(old) = Net Present Value of revenue of
old transformer over its remaining life.

Note that the right hand side of thi is

newer equipment. These items may be discarded
prematurely under a pure ‘economic life’ policy.

pend-limits can also be used to set policies which
reduce the need for skilled technicians and for
expensive repair facilities and test equipment. Setting
spendlimits provides a simple mechanism for
controlling the range of repair and refurbishment
activities that can be undertaken. The financial
analysis shown indicates how the level of spend-
limits can be set 50 as to provide overall savings in
the asset management field.
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reversed compared with that of Equation 1, since
we are now maximising revenue, rather than
minimising costs. In the transformer case, this

Nick Hastings may be contacted at:
n.hastings@bigpond.com
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and Asset Management

new machine, as reflected in its annualised cost, will
also affect the spend-limit. Another factor, which
likely to vary with the age of the old machine, isits
annualised maintenance cost over its remaining life,
which will probably increase with age. The general
situation is summarised graphically in Figure 2.

Anowolized cost
ofnewmachine tme.

Spendimit

Comultive
costofod machine

Je——

o et

Figure 2. Spend-limit based on cost comparison

Figure 2 is based on a machine with increasing
maintenance, operating or risk costs year by year.
Once the rate of these costs exceeds the annualised
cost of a new machine, the old item should be
replaced on an economic lfe basis. The gap
between the cumulative cost curves for the old and

the old machine requires a one-off spend which
exceeds the maximum saving, then it should be
replaced, as the cost will not be recovered over the
remaining life of the old machine.

As time goes by, the origin of the graph will shift

0 the right, and climb up the curve of ‘cumulative
cost of old machine’, as money already spent ceases
10 be relevant. The lines will gradually converge
and the spend-limit will decrease.

Figure 3 illustrates the point that
an immediate expenditure greater
than the spend-limit will not be
recovered. In Figure 3 a curve showing
the cumulative cost, including an
immediate spend at time now, has
been added to the picture of Figure 2.
We see that if the immediate spend is
greater than the spend-limit, the cost
curve never falls below that of the new.
‘machine, so that ai
greater than the spend-limi
recovered.

o somis e

e

sontamt

P e
e

- [ J—
4 [t
Figure 3. Limit on cost recovery

AN EXAMPLE: POWER TRANSFORMERS
In the first section of this paper we described a
situation where an electricity transmission company.
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COST COMPARISON, OLD WITH NEW

The basic choice

‘While the book value approach described in the
previous section can be convenient to apply, an
alternative is to base the spend-limit on a comparison
of costs between alterative replacement options.

Suppose that we have an existing machine that
requires a certain amount of money to be spent on

order to provide the service that we require. We
assume that the service requirement is on-going, so
that in due course the old machine will be replaced.

‘We have a choice between -
» spending the required amount on the
existing machine now, and then running
ig lfe, for which we
assume that we can assess the expected
duration and remaining costs, or

» buying a new machine now.

‘The spend-limit is equal to the maximum amount
which we expect to save over the remaining
of the old item once it is working as required,

when compared with what we would spend on
anew equipment over a comparable period. The
expenditure on the new equipment s not the actual
expenditure over that same period, because the

new equipment will last longer. It s given by the
annualised cost of the new equipment, cumulated
over the remaining life of the old item. If we spend
more than this on repair or of the old

not include money already spent on acquisition and
maintenance in earlier years. It also does not include
the cost of the immediate expenditure required to
repair or make available the old machine for service,
as this quantity is on the ‘spend-limi of the

requires a reconditioned
engine at a cost of $25,000, but is otherwise
satisfactory. We estimate that the machine will last
for three more years if it gets the new engine, and
that ts expected maintenance cost over this period
will be $3,000 per year. The Life Cycle Equivalent
Annual Cost (EAC) of a new machine is $10,000 per
year. Should we replace the engine or scrap the old
machine? Assume zero re-sale value if the machine is
scrapped.

Solution: The annualised cost of the new machine is
$10,000 per year and the annualised cost of the old,
after repair, is $3,000. The difference s $7,000 per
year. The expected remaining life of the old machine
itis repaired is 3 years; hence -

Spend-limit = 3 (10,000 - 3,000) = $21,000
“This is less than the cost of the new engine at
$25,000, 50 the repair should not be carried out. Itis
cheaper to replace the old machine. Also, applying
the 60% rule for conservative repair limits gives, for
the old machine -

id-limit = 21,000 % 60 % =

item, we will never recover the cost. Another factor
in practice is that we may need to decide how long
10 keep the old item, but for the moment let us
assume that we can use an estimated figure for the
remaining life of the old item.

“The rule for calculating the spend-limit is
Spend-limit = LxC (1)

where:Lis the remaininglife of the old machine,

the annualised cost of a new item minus

the annualised cost of the old item.

In this equation, the annualised cost of the old
machine is based only on its future costs, and does

$12,600
“This s well under the cost of the engine replacement
50, again, the repair should not be carried out.

Variation of spend-limit with age

“The spend-Jimit decreases as the old machine ages.

For example, when the old machine has two years of

life remaining, the spend-limit will be -
Spend-Limit = 2 x (10,000 - 3,000) = $14,000.

‘The spend-limit will also decrease if technological,
statutory or market changes reduce the remaining
life of the old machine. Changes in the cost of the

(LIRS s o
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» Technician training, test equipment and facilties
were restricted to the level required to make minor
repairs and to test complete modules and sets.

» Complete sets of new equipment were
purchased from time t0 time, in small
quantities, as a repair and replacement
pool. Crews got a replacement promptly from
the pool, if their set was unavailable.

We see from this example how the spend limit
concept forms the basis for an asset management
policy which ensures that working items can
continue in use without restriction (other than
an occasional possible general change due to
obsolescence), but that expenditure on high cost
repairs and facilities can be avoided.

SETTING SPEND-LIMITS FROM BOOK VALUE
Book value

In the previous example the spend-limit was set on
the basis of technical judgement, so as to exclude
expensive repairs. The person setting the policy

had sufficient knowledge to set the repair limit to a
reasonable level. In this section we discuss other ways
of setting spend-limits, based on financial methods.

“The first such method s to base the spend limit
on the written down value, or ‘book value’, of

the item. This has the advantage of being well
defined, because the book value s set by accounting
rules. Also, the book value in most cases is a valid
approximation to the actual value of the item, and
thusis in accord with the principle of not spen
‘more on the repair of an item than the item will

be worth when repaired. While the book value can
serve as a starting point in setting the spend-limit, it
is recommended that, if this approach is taken, the
spend-limit is not based exactly on the book value
butis adjusted as described in the following section.

this action will not always fully restore an item to
average condition for its age. Also, initial estimates
of restoration expenditure are often under-estimates,
because additional repair costs may emerge once a
‘machine is in workshops. Thus it is suggested that
conservative spend-imits are set, 0 values less than
the book value or other theoretical value. 60% of the
theoretical value is suggested as a guideline.

Residual value of the spend-limit

Under some depreciation schemes book values do
not decline to zero, but to a low level, such as 10%
of the acquisition cost. A similar approach can apply
with spend-limits. This allows very minor repairs to
occur on old items regardless of age, but excludes
significant repair costs.

An example occurs with buses owned by a bus
company in a large city. Most load is carried by
newer buses, but there are certain days each year
when a heavy demand for buses occurs. To meet
this some old but serviceable buses are retained. For
the old buses a spend-limit policy applies, which
permits very minor repairs, but excludes major
repairs such as replacement of assemblies.

Figure 1 shows the book value and conservative
spend-limits for buses with an acquisition cost of
$500,000, with a residual spend-limit of $10,000
also being applied.

550000

Bookalue

Conservative spend-limits —
Spend-limits are usually applied o items which
ificant repair or refurbi and figure 1
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damage, and a decision has to be made whether to
repairit or to write it off. The principle here is
that no more should be spent on the repair of an item
than the item will be worth when it has been repaired.
In the case of ordinary vehicles we generally have.

a clear idea of the value of a repaired vehicle from

the transactions in the large second-hand market.
However, in other cases the value of the repaired item
t0an organisation may be less easy to determine, and
specific financial assessments may be required.

As a systematic approach to asset management
strategy, spend- (referred to also as repair-limits
have been in use at least since the 1960s, particularly
in regard to military vehicle fleets, which tend to
have long lives due to low wtilisation in peacetime"
. Under a repair-limit policy, limits are set on

the amount of money which the maintenance
organisation is authorised to spend on the repair of
items that fall within the policy.

‘The repair limits vary with the type of item and the
age of the item. For example, fora ten years old
Land Rover, the repair limit might be set at $5,000.

If replacement of the engine of such a vehicle cost
$8,000, the policy would prevent such a replacement
from taking place. Thus the repair limit could
prevent an expensive repair whose value would

not be recovered over the potential remaining life

of the vehicle. Adopting this policy would reduce

the need for replacement engines and for related
workshop facilities. The introduction of repair limits
for military vehicle fleets in the 19605 provided

an effective basis for managing maintenance
expenditure, which otherwise was difficult to control.

Spendlimit policies usually operate in conjunction
with economi policies. Under a pure economic-
life policy equipment is run until it reaches an ag
where increasing maintenance costs, deterioration

i performance or increasing risk make it preferable
to replace the item. However, a pure economiclife
policy does not cover the situation where an item
‘may require a costly repair shortly before reaching its
replacement age, nor does it cover the situation where
an old item may still be serviceable despite its age.

Spend-limit policies provide a systematic approach
10 covering these factors. They also provide asset
‘managers with a control over problems which might
otherwise be handled from a purely ‘maintenance’
perspective. Thus, in a large organisation it can

be advantageous to establish formal policies
mlal'ng to the amount of money which the

(enance department can spend on the repair or
e

A SPEND-LIMIT EXAMPLE
‘The following practical example illustrates the use
of a spend-limit policy. An electricity transmission
company owns about 75 communications and
satellite navigation systems, which are used by
‘maintenance crews. The cost of a typical system is
about $6,000. The asset manager needs to determine
a policy for repair and replacement of these items.
Considerations that need to be taken into account
are -

» Failure, whether due to accidental damage
or for other reasons, s probably random
with age, over the normal life span of the
equipment, which is limited by obsolescence.

» The range of potential failure modes, related
repair activities and costs is wide, from simple
cleaning, replacement of knobs, connectors
or leads, through to electronic failures.

» Complex repairs require skilled technicians,
test equipment and replacement parts.

» Some repairs can be carried out by replacing
complete modules, in which case the necessary
‘modules would have to be available.

‘The policy adopted was as follows -
) A spend-limit of $750 was imposed on the
items on a judgmental basis. This meant that
‘minor fixes could generally be made, but that
expensive electronic faults could not be tackled.
» Working modules from failed equipments
were retained as no-cost spares. No new
replacement modules were to be purchased,
beyond an initial total spares purchase
of 5% of the new equipment budge.
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Spend limits

and Asset Management

Nick Hastings
Albany Interactive Pty Ltd. and
Brian Sharp
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(Paper originally presented at the.

MS Conference, May 2004, Sydney.
Sadly, we have learned that Brian Sharp

has since died.)

As equipment ages the amount of
nmoney that it is reasonable to spend
on one-off events, such as repair,
refurbishment or relocation, decreases.
The limit on how much should be

Abstract

spent can be estimated by techniques
of varying sophistication, depending
on the availability, or lack, of suitable
data. Rule-of-thumb methods for
setting spend-limits are presented, and
the impact of these on engineering
asset decisions - such as those

concerned with the provision of repair
facilities, the provision of spares and
replacement policy - s discussed and
illustrated by practical examples.

replacement, repair cost, spen
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SPEND-LIMIT CONCEPTS
Recently, a situation occurred in an electricity
transmission company where increased transformer
capacity was required at a certain site. The options
were 0 either spend money refurbishing and
relocating an existing transformer, or to buy a new
one. The best answer depended on such factors as -

» how much it would cost to refurbish and

relocate the existing transformer;

» how much remaining Iife the existing
transformer would then have;

» what the cost of a new transformer would be
over a period of service equivalent to
the remaining life of the old transformer.

‘This situation was typical of many which arise,
sometimes with large individual items, and
sometimes on a more routine basis with smaller
items, where decisions need to be made on whether
10 spend money on existing items, or (o replace
them with new ones.

The aim of this paper is to provide methods of
analysis which address this issue. These include
both simple rule-of-thumb methods, and also
more sophisticated methods, which can be applied
if relevant data is available. The results lead to
‘Spend-Limit’ policies, in which a limit on the
amount of money to be spent on an existing item
is set, depending on the type and age of the item.
The interaction between the spend-limit and the
maintenance requirements of the organisation, in
terms of labour, materials and facilites, is also
discussed. If spend-Jimits are not set, uneconomic
sums may be spent on repai, refurbishment or
re-location of items by maintenance departments,
which may not otherwise be authorised to take a
broader view of the asset management situation.

BACKGROUND

As one-off decisions, those regarding spend-limit
wat not new. A widely occurri

is that which arises when a vehicle suffers accident
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