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Benchmarking with the VDM Control Center...

The Case For More Comprehensive - Part 1.

What Else Can I Inspect 2 ..
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Key Dates
~ Deadline for receipt the abstracts 15/02/2006
Notifcation of acceptance 01/03/2006

Deadiineforreceiptof papers 201032006

~Notifcation of acceptance 15/04/2006
Accepted Papers’ Privileges

Authors whose papers are approved by the Scientific

Committee will receive the following privileges from the con-
ference organizers, the Specialist Group (one author per
aper)

)

- Accommodation at the Metropolitan Hotel Beirut (Bed

and Breakfast only for maximum period of 5 days)

~Round trip economy class ticket to and from Beirut not
exceeding 650 USS.

 Free registration for the conference

of

al Conference Languages

and English.Papers re also accepted in both languages.
Those submitting papers in Arabic are requested to submit
an English summary of thelr papers.

Papers & Abstracts Spe

following specifications:
Word
~English papers by “Times"font
- A4 paper size
~Paper’s itle bold font size 16
- Author's name, size 14
Subttes bold inderine, sze 12
~Paper’stext, iz
e aoue: m\eg size 12
~References,size 1

Papers & Abstracts should be sent
E-mail to (omaintec@specialist.com.sa)
or 2-Soft copy (CD) + A4 hard copy by mail

Venue and Date
Conference wil be held at the Emirates Hall of the Habtoor
G et Vo o 2 e

Conference Address
Please address any inqiries about papers tol
the Scientific Committee, and any otherl
Inquiries to the Organizing Committee atj
the following address:
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PO.Box 88819, Riyadh 11672, - Kingdom of Saudi Arabia
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Conference Overview

keep their pr y

ties long run goals.
s D A LA S S e el e e

sifying the pressure to improve performance in all areas of business.

Conference Objectives

Continuing the huge success achieved in OMAINTEC 2002 to 2005, OMAINTEC
et G
counties. d  strategies
OMAINTE
ing faciltes,to discover ways of |
OMAINTEC 5 under the slogan "Prope I nvestment” will pe
participants.

Conference Tracks
i e

Distribution
lant:

2.0peration and maintenance of desalina
- Economics of desalination plants operation
- Cost effective maintenance
- Rehabiltation of water pipelines
- Rehabiltation of pumping stations

3. Building maintenance
- Large bulding complexes
- Health facities
- Education facilities
- Entertainment faciities + hotels

4.Transportation and municipal facilities
- Pavement management system
- Airports operation and maintenance
- Ports operation and maintenance
- Railways facilties operation and maintenance:

Conference Topics
- New strategies
ty management
- Cost control & budgeting

- Resources optimization and management

-cmms
New technologies and tools

~Planning,scheduling and control
SCADA/BMS

- Specifications/ contracting
- Workplace safety and environment
- Archiving and documentation

- Maintenance auditing

-Research and development

Call for Papers
Aitorsar e to bkt papers that shouk cntaln views (deas, expeences andlo

OMAINTEC 2006 an absract nor exceeding 300 words In accordance with th atsched

‘Synopsis Form.
Papers should be submitted in A4 standard size, and a copy on CD.
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To maintain the value of your investment or property is as important as the investment itself. Whatever the size of
yourinvestment 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 it growth our frst concern. This has been provided through the years
with an impressive list of our satisfied customers.

aganall assgl gsageum &S
SAUDI OGER LTD.

saudioger.com




Benchmarking with the VDM Control Centre

The situation at DSM Genk

DSM comprises approximately 150 plants. As a pilot
project VDM, at a very early stage in its development,
was introduced at one of them, namely at DSM
Specialty Compounds in Genk, Belgium. This plant,
part of DSM Engineering Plastics, makes high-quality
plastics used mainly in the automotive industry. Until
‘mid-2001, the plant was operating at full capacity
but despite this it was barely able to keep pace with
‘market demand. All of this changed with the crisis in
the automobile market in mid 2001, the number of

all maintenance performed by production people
instead of maintenance people, it was possible to
achieve a substantialsaving. An extra advantage
roducing autonomous maintenance was the
vesting of ownership in the production workforce,
thus increasing their commitment to the machines.

Learning moments

Asked what DSM had learned from using VDM, Jos
Groffils, who at the time was a maintenance manager
aDsM Specizlly Oumpnunds, said -

o
decided to switch the focus from ‘maximum output

driver anaysis that
B e e N

o minimum costs', a strategic twrnabout which possible improvement potential. Afierwards, we saw that we
for had in fact achie improvement s

e ility was than the i it improvement

no longer the pivotal factor, potential, we had

attention was directed towards reducing maintenance
costs, but there were no tools

estimated at the outset.

and budgeting them. With the help of VDM i

A matter that definitely requires extra attention is the
integration it the internal customer, o in other words

was revised ina
time to fit the new market conditions,

VDM analysis
After defining the ten KPls and peforming the value
driver analysis, it

with de Implement the VDM
method together with the internal customer t0 avoid
compartmentalisation. If the production department
doesn't want to join in processes like this, it will be
impossible to become ‘Best in Class’ as a maintenance

costs still had considerable improvement potential
For example, scope was identified for achieving a 20%
reduction in these costs. In the field of asset utilisation,

organisation. department must ahways be
willing to take on the role of owner:

Finally, you don't have to make a choice, as people often
ik betueen g ourcssand icrasingpour

present, but on the cost control side some were missing.
Among other things, there were no work process
specifications and there were no tools for recording,
analysing and budgeting maintenance costs

Another remarkable fact revealed by the analysis
was that the ex plan mainly

‘maintenance
m/zsmnany and effciently, you can lower your costs
and raise your machine availability!

Undertaking a Failure Modes and Effects Analysis
(FMEA) can be very useful. At DSM it became

comprised periodic activities, even though status-
dependent maintenance was more suitable on
account of the plant’s highly fluctuating workloads.
I addition, the analysis showed um introduction

ly clear to us as the process moved forward that
everything revolves around change management’ says
Groffits,‘or in other words how efficienty and quickly a
company can successfully implement a new maintenance
strategy adapted 1o changing market conditions. The most
i hing i to do the righ

lead to
suhuanually lower costs. This was btcauu the plant
had a very labour-intensive production process. For
example, there was one maintenance man for every
ten highly trained operators. By having a quarter of

and the Control Centre proved valuable tools!

Jen The 2nc D Conferengs Gies lacely mm.mgham
on Thursday 15t December. The conference

St th = TR oo bl BBt S
on VDM, can be found at www.maintenanceonine.co.uk

[SRF= T XoX1 -
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‘When IFF Global took over
flavours and fragrances

manufnﬂurer BBA in 2001,
the ites of the

Higher availability and output

Improvement processes
Four improvement processes were initiated, viz.

two companies in Europe
were merged as part of

the restructuring of the
logistical supply chain. For
the production location at
Tilburg in the Netherlands,
the restructuring meant
abouta 30% growth of
volume and thus greater
utilisation of capacity. As a
result of the take-over, two of
the five factories would reach
100% capacity utilisation.
‘The combined production
capacity of all the factories
needed to be increased by approximately 159%,

“This was achievable by raising machine availability,
‘which depending on the factory varied from 90 to
97%, and by contracting out work. The need for a
solid maintenance policy quickly became apparent.
Verbree: ‘We chose the VDM method, partly on
account of the possibilities for benchmarking

and a higher level of abstraction. Benchmarking

the situation at that time and performing the

value driver analysis was difficult because of the
relatively small amount of data available. In order to
benchmark, we had to measure or

Figure 2. Manufacturing of flavours at IFF

of Overall Equipment Efficiency (OEE);
installation of plant improvement teams (PITS) to
prepare maintenance concepts based on RCM. The
teams were also given the task of ensuring continuous
improvement of machine availability by monitoring OEE;
= opening a front desk for planning and work preparation,
and creating the various working procedures,
definition of KPis and benchmarking of the KPIs;
further development of the skills and competences of

I i thalargineet v

by restructuring on the one hand and by drawing up
Personal Development Plans (PDPs) on the other.

‘AUIFF we expect to be ready by the end of 2005 to set up a
professional maintenance organisation that uses KPIs as defined

in the VDM model’ says Verbree. ‘This i necessary to be able to
benchmark the organisation in due course. It represents a challenge
Jor our organisation.

van Dam, and using VDM, produced an appropriate
global maintenance policy.

Manufacturing excellence
“Ihis presented an opportunity for DSM to make

»
certain parameters’ Subsequently, IFF used the VDM

pla
implement them at other plans in the world under

method to produce an i plan, focused
on raising machine availability.

TESTED IN PRACTICE

Before the VDM Control Centre was launched, a
number of companies were allowed to use it behind
thescens, DSM was one of the. Like any other
smoothly running company that someti

This process
has now been going on for several years. As well as

covers several other work processes. The last sies, those:
of DSM Nutritional Products GmbH (the former Roche:
Vitamins and Fine Chemicals), are now in the process.
of implementing Manufacturing Excellence.

‘Throughout the i of the

inefficiency or unnecessary activities, DSM saw
towards the end of the 19905 that it had too many
activities that insufficiently helped create value
for the company. Maintenance was one. So the
Maintenance User Group of DSM, headed by Leo

work process, it has been possible to use the VDM
method to obtain a picture, at strategic level, of the
added value of the maintenance organisation at each
plant. Using the VDM Control Centre, DSM has also
been able to benchmark its sites against each other.

[SHF=XoX1 J—
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Benchmarking with the VDM Control Centre

STRATEGY WORKSHOP
‘The VDM Control Centre was developed for use
by any organisation that wans to benchmark itself
against industry peers and determine the value of its
‘maintenance organisation. Membership of the on-
line platform is possible for payment of an annual
subscription fee, which includes a two-day strategy
bya VDM expert and di

d KPIs. is
e Tk AR 1
Valuable Maintenance Organisation’ The expert
also checks during the workshop that the right data
has been gathered and that definitions have been
interpreted correctly.

Reliabi
The entered data (presented in graphs, see Figure
1) and value calculations are not released for
benchmarking purposes until approved by a

Figure 1. Example of a benchmark graph

g method
issticly obderved o that therelabily of the data
in the Control Centre can be guaranteed. Jonker
explains that ..once entered n the system, the
data be edited without

focused on
added value. ‘It i incorrect to assume that you
simply need to carry out a once-only benchmark
and alue diiveranalyss, s Haatman. Afe
all,an

of an expert. It s not manipulable. However, after
the workshop, an organisation can immediately
download a report of the entire VDM analysis via
the Control Centre. I should add, however, that
this is again possible only after a VDM expert has
approved the data. We are obliged to be so strict
because we would otherwise quickly end up with a
contaminated database’

Annual check

Armed with the design of the Most Valuable
Maintenance Organisation, the engineering
department can set to work on improving

Remember 11th September 2001. Before he attacks
in New York, KLM was interested in flying as many
hours as possible. It was inconceivable that an
aircraft could be kept in the hangar for maintenance
longer than three weeks. Everything centred on
uptime. But KLM changed its course after air travel
became significantly less popular in the wake of the
atiacks. It allowed aircraft to undergo maintenance
for a longer time, provided that the least possible
costs were incurred and there was a high level of
efficiency’.

g
organisation and the EAM system must be aligned to
the design. After one year, the VDM expert returns to
examine the status and to see whether the selected
value driver s sill the dominant one. If not, it will
be necessary to change course. For this purpose, a
benchmark and value driver analysis will again
be carried out using the latest data. Repeating the
Fob E 15

AN

Gillis Verbree, Manufacturing Manager at IFF
(International Flavours and Fragrances, see Figure 2)
says that ‘Besides using VDM as a way of adjusting
policy,it's also a good method for setting down
asolid, well-validated maintenance policy. We

saw this at our own organisation. Every year our
company makes 21,000 tons of flavours and 12,000
tons of fragrances.
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Benchmarking with the

VDM Control Centre

Benchmarking is a means to an end

Performance indicators

Partly because maintenance serves

several interests within a company

a Joost Boutkan 4 Henriétte van Norel (plant availabilty, safety and cost
Mainnovation, The Netherlands control), it was impossible to define

asingle universal indicator to

I measure the total performance of a

8 | Haarman of Mainnovation recently launched an easy-access :‘2:;’::";:f::;f:{:f:::;gzﬂ“

%3 | tool for effective application of Value Driven Maintenance | control panel usable to measure the ten

=

<

With the introduction of the VDM Control Centre, Mark

(VDM). This on-line platform allows maintenance managers, | identified organisational competences

of an engineering department, the
) ¥ performance of each of which was
benchmark their maintenance performance against that neasied Ly anappropr e Key
of anonymous companies in the same industry. It also Performance Index (KPI). To determine
provides a transparent picture of the contribution that their | the relevance of the outcome, the entire
maintenance organisation is making to creating value for | 270! Panel must be examined. For

examp!e an engineering department may

their company. This article looks at the have , but if this
jeopardises the saety and avalabilty of

in a company of any size, great or small, to measure and.

the machinery, it will not be an efficient
THE CURRENT POSITION maintenance organisation.
he database of the VDM Control Centre
Tmm.my contains the results of about one
red - mainly manufacturing but very Enterprise Asset Management
diverse - companies. The firs five industrial sectors ystems
for which data has recently been officially released for When defining the KPIs we made allowance for
poses are the food, the key ratios’ says Remco
paper, it energy industries Jonker, Executive Consultant at Mainnovation.
“Because many maintenance organisations use
a computerised maintenance information
SETTING A COURSE system, sometimes called an Enterprise Asset
Mark Haarman has said that - ‘A principle of VDM Management (EAM) system, it was important
is that benchmarking is not a goal in its own right.  when developing the control panel to make
Benchmarking enables you to find out where a sure the systems were capable of calcul
company currently stands and how the engineering  the KPIs_ Talks are currently being held with
department can help create value for the company.  three EAM market leaders with a view to
“This was our point of departure when developing completely integrating the control panel into
the Control Centre. Using this on-line platform, you  their packages and coupling them to the VDM
can calculate the value potential of a maintenance  Control Centre. Jonker stresses that
organisation. I’ also a tool for designing “The Most If we succeed, it will be a major step towards
Valuable Maintenance Organisation’, one built to global uniformity and standardisation of
create maximum value for the company’ maintenance KPIs’
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The case for more comprehensive data collection
and how it might be achieved: Part 1

10 repair the failure, settles to a constant average

ROCOF®.If,in addition, the system gets PM

atrelaively short intervals, then the residual
luced because some failures are

REFERENCES
1. Drucker P, The Pracice Of Managenment, Pan Books, 1968
2

an RS ad Noron D . The Bl el aard
ess School Press 19

prevented. As the intervals are lengthened, the
average ROCOF rises and vice vmsa 1f some of
the routines are concentrated into overhauls, then
the ROCOF remains constant on average but rises
from a low point after each overhaul. (There may
be a temporary rise afier each overhaul, but this

3
Approach, Stsdentliteratur, Lund 2000

Valdes HoresC and Fldman R, A survey of prver
i moids o shasiclyderosing s.wmu stems,
Naval Research Logistics, Vol 36, pp 419-46, 1
Dekker R, Applications of maintenance o
Report No.9228/A, Tinbergen Economeic In
Universt, Roerdam, 1992
. feingold 1

isation models,

is shortlived and due to faulty poor
quamyspm) It can be shown that this ise in

Inferm
R il il 194

ROCOF ; thatis, if the
B R T

a higher constant value, again on average. If the
corresponding cost (or better still, nett benefit) curve
«can be traced, then the optimum overhaul interval,
given a pre-determined schedule of more minor

PM, can be found. Alteratively, overhaul can be
‘made parly or wholly dependent upon inspected

or monitored condition. In the latter case, there is
usually a single vital item that usually or always
determines when the overhaul is done. The problem
remains as to which items to maintain outside of the
overhauls; some will be obvious but others marginal
and the calculations are possible but not easy.

A fuller discussion of Opportunity Maintenance and
how it might be op timised has b by the

adantage: pobems concerving tme windowsand repaable s
TFRIM Confeence, Vi, Sweden, 2002 (avaabe by -l on
applcation o the author)

s e
London, 1

9. Ansell hnd l'hl!hps M) Pt Mehods o Rlbly Dot
Anali, Onford:

S any e modesof industrial

Vol 35, pp 401-6, 1981
1. Moubray ) Relabiiy-Cenred
Heinemann, London 1991
12.Sherwin D1, A il analsisof by cnred e

management o, ICOMS Cont, Wollongong
13. Al Naljar B, Toal Quality Maintenance: an apom«d o
o in st of gy s Jouml o Qi
Maintenance n‘....u...., Vol 2, No.3, pp 2:20, 1

intenance, Buterworth-

s G tibioe o okt 1254
15:Sherin D | and Bosche A The Ry Ay and

author'® The basic principle is that it may well be
better to wait until something fails and then take the
opportunty (0 perform other PM tha s neary or

16.5h

D 1. and AL-Nafar B, Pracical models o condir
i il ol of Quality n Mainenance

Engineering, Vol 5, Number 3, pp 203.221, 1999

S

Apreliminary
model for a continuously required syster was given.
Variations include different rules as to how long an
enforced stoppage can be extended for PM,and for

if a failure does not ly
‘within a certain interval.

All he system: models discussed above require as
inputs complete parts data with respect to failure

time distributions, repair and PM times and costs. All
depend upon first calculating policies for parts, which
are modified in the full system models.

Vol 38, pp 329-334, 1987
18. Shewin D 1. Opportuniy maintenance, basd on age renewal and

i oo ffect,IFORS Confsenc g, g, 199,
sed and expanded version of this paper was presented i

o 2008

This paper wasfrt presented at MESA' (the Maintenance

Maintenance Socities (ICOMS) held in 2003

‘The author may be contacted at:
djs321@lycos.com

[CLETEOE] s s



The case for more comprehensive data collection
and how it might be achieved: Part 1

None of these ever represents reality exactly, but
each is useful as a fairly close approximation or as a
limiting value in different circumstances. Given the
costs and an estimate of the underlying distribution
of failure times in the absence of PM, optima can be
estimated. Al except the Bad-as-Old model require
some tedious calculations o find the optima, but
in the computer age this is not really a problem.
‘The part is considered in isolation from the rest

of the system, i.¢. the models do not consider any.
relationships that there may be with other parts.

In practice it may be so difficult o get at a part that
it becomes economic to consider renewing other
unfailed parts at the same time. In other cases, it
can pay t0 perform a bunch of routines at the same
stoppage in order to reduce expensive downtime,
‘with none being done at their individual optima.
Ofien, the original equipment manufacturer
(OEM) guesses at the intervals required and issues
arecommended schedule that s never challenged
by the operator because no data are collected and
the OEM will not pay out on the warranty if the
schedule is not followed. But th

However, it is true t0 say that in cases in which the
downtime costs far outweigh the material and labour
costs, inspection or monitoring will be a strong,
contender, provided all the facts are known and
properly modelled* . Premature removal is a big
problem in inspection or monitoring; there is a loss
of faith if the removed part shows no wear or damage.

Review of models for systems.

“The useful system models fall into three categories.
First, there are many variations on the theme of
combined Block models. The second category aims
10 optimise overhaul intervals either by tracking.
the rise in ROCOF since the previous overhaul or
by inspection or a combination of both. The third
category, Opportunity Maintenance, is possibly
the most suitable for systems that must operate
continuously, and can be modified for systems with
scheduled shutdowns'*.

‘The Combined Block Model shapes the traditional
schedule of grouped actions at multiples of a
common interval. The common interval should be

b s
10 assess profits.

‘The second type of model requires the operator
10 monitor, continuously or at fixed or calculated
intervals, some variables that allow him t0 judge
the part’s condition. By r i

chosen so that due to failures and

PM is minimised over the system, but in practice it is
seldom optimised. The basic interval is usually fixed

by statutory, logistic or other considerations and the

best schedule found using its multiples. For example,
a factory boiler may be cleaned and maintained

over a weekend when its output i not needed;

the readings, the item can be taken close 10 failure
before being maintained. Failure is either graceful
decline to a defined unsatisfactory limit or else is
preceded by a sudden change n the lvel or gradient
of the graph. Provided that not

finding the best number
of weeks. Heavier work would be left to the summer
when the boiler is not needed at all. Although no
item is done at its independent optimum, time and
e saved by th grouping. Provided that

legal

00 high and that indication of imminent ailure is

e overcome, a
pmpcrly calculated Combined Block schedule can

curate, inspection models

find

ac
productiveness.

Recently, the cost of monitoring has been derlining
and more cases can be justified, but it is
being applied without making proper pmdlclmns
of the cost savings or full assessment of the
accuracy. Frequently, no model is made at all and
L R . .

»
other work between periods of maintenance of the
system in question. It an be faily easily modified
10 accommodate some items that are monitored or
inspected, particularly if the inspections require the
system to be stoppi

Reliability theory explains how a complex system
that is maintained only at failure and then only
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The case for more comprehensive data collection
and how it might be achieved: Part 1

not atrisk of further failures unil it s restarted after
repair. This is not important to accuracy in short series
with some parts of relatively low availability, but in
Tong series and where all the part availabilities are

of the same order, it i vital for the acceptability of a
proposed system. The correct calculation is given in
Equation 1 as follows:

3!

“This may be proved using nothing more complicated
than a Venn diagram (see Sherwin and Bossche [15]),
yet very few textbooks get it right and none except
our own acknowledges its significance, which can be
demonstrated by considering a series system of, say,
four hundred parts each with Availability a = 0.999.

A =1

o

[0}

in that same book
of systems with some redundancy, productiveness
being defined as the actual possible long-term average
output rate expressed as  fraction of that with
perfect eliability i.e. no failures. It therefore depends
significantly on the throughput capacity of the least

i the system iveness differ
from availability in that the possibility of production
atlower rates during the failure times of partally
redundant machines in the system is taken into
accountvheB Elclaing the long 1 ystes mean

which benefit from preventive maintenance (PM).
Systems fail but we repair or renew parts. It follows
that data collection analysis and optimisation of
intervals should be at the parts level, initially. The
times between failures for a machine or system
have, however, ofen been assiduously collected and
analysed - but disregarding which parts have failed”.
In some cases, PM has been discontinued because
analysis fits a Poisson pattern.

Itis true that a maintained system with or without
PM often has a sensibly constant Rate of Occurrence:
of Failures (ROCOF), but it is also true that ROCOF
can be reduced by PM, and that there exists an

ideal PM + inspection schedule that minimises the
combined downtime or the total cost, or maximises.
the long-term expected profit. This schedule is a
function of the statistical failure characteristics of the
fallible parts (noting that over 80% of engineering
parts either outlast (or determine) the system’s
useful life or else are best left to fail).

‘We also deplore the careless habit of lumping
downtime due to PM (which can often be done in
parallel and/or without loss of planned output) with
that due to failures, which is stochastic but partly
dependent on the frequency and quality of the PM.

Review of models for optimising parts
‘maintenance

output. Only in a st

model for parts, based

and Even the revised

last renewal and upon

will not do

(see,for

each the system must
the system productiveness being the sum of the
products of the stage:sate probabilities and their

on the first theme.
are well known. The cost of failure must exceed that of
PM, including downtime costs in both cases, and the

rates. Many
lations havi
been made, with the result that they do not perform
adequately when stretched by a successful product.
Hurry to fulfil orders then leads to acceptance of
sub-quality product and spares, botched repairs and
neglect of necessary preventive maintenance.

ed f divided by i
last renewal must be increasing. The models are -
() Age Renewal, in which the part is run unti it
either fails or reaches an optimum age t*,
(b) Block Renewal, in which renewals occur to
a fixed schedule and failures are renewed or
repaired as they may occur, and -
© Bad-as-old Renewal, which is Block Renewal

“The items or stages in a
complex. They each consist of parts, some of

that failures
& (he pre-failure condition

(o =1 T E—
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The case for more comprehensive data collection

and how it might be achieved: Part 1

nature, classification and use of mathematical
models, bearing in mind that there are many
‘more published models than there are recorded
applications.

Classification of models
Models may be di ified in four

inguish between systems whose parts are renewed
and the behaviour of the parts themselves, because
different modelling techniques are needed. System
‘models should usually be built up from models of the
behaviour of the fallible pars within the system.

of

ways, giving eight possible combinations, with
respect o their purpose (see Figure 1). The most
important distinction is between models for
components and models for systems. We should
never forget that systems fail but we repair parts.
System models must therefore be based upon
analysis of data relating to parts. Maintenance
schedules should not only be optimised as to
frequency but must be specific about what is to be
‘maintained and how. This obvious statement is in
practice, t00 often ignored.

Componen Stochastic/
Probablistic

o Deterministic

Finite Timescale  Infinite

Figure 1. Taxonomy of maintenance models

Although it is convenient to develop the theory
from consideration of systems that are used to
‘manufacture goods, its applicability i in fact wider
because all systems have a purpose, which may be
considered to be a product. A long series system
whose modules are serially preventively maintained
by a workforce that cannot tackle more than one (o
very few) thing(s) simultaneously inevitably spends
most of it life well maintained but unserviceable,
system
come to depend more on the purpose than the
physical nature of the system, and availability is
now seen to be as important as speed and technical
capability (accuracy and precision). In particular, the
true cost of downtime is seldom calculated accurately,
which results in under-manned maintenance squads
and delays while contractors are brought to site to
deal with failures This is why many manufacturing
systems siill ely upon buffer stores between stages to
cover failures. Just-in-Time (JIT) is really just a crude
ical trick to

from the satistics of failures,the interval between
which (benefits)

of lifeime maintenance and replacement are

ic model, interventions

10 avoid breakdowns; attempts at applying pure JIT
have often resulted in either re-introduction of buffer
stores or duplication of machines.

by a physical ch i when

It o0 suppose thatrliabilityis more

than age crosses a pre-determined
limit. Falling between these two are inspection
modelsin which the intervals are slaluucil but the

important in availability,
and another to insist that the system availability in a
seriesis the product of the part availabilities. The first

in be based on a the milita associated
th vion either o a fnite or an i with y. In war,reliabili ‘mission
life. The latter ‘may well be i but availability to start the
in which the lives of fallible parts are only asmall mission is obviously rather more so. In manufacturing,
fraction of the system as a is ideally

. Similarl upon the but reliability may stll be a factor

s reaing  the variabilty of alure and replr i promptdelivey oravoidance of sar up loses.
times, while others call for mai e basis arises from fai that

of a physical measurement. Finally, it is vital that we

asystem that is shut down due to failure of a part is

G9
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The case for more comprehensive data collection
and how it might be achieved: Part 1

west of the dividing mountain range is perfect

fortune on correcting the wet atmosphere so they
can use modern adhesives. The Australian wine
industry demonstrates that it need not be this way,
alihough perhaps it now stands in danger of ‘over-

simplistic fads and short-termism, but also because
aspects have been und

We shall examine some of these fads in l'zl\ n oflhls

paper, afier we have looked at proven tools from

both Management Science and Terotechnology, and

will suggest ways to use them in combination to

multiply their effects and so stabilise and expand a

is culture was
imported from the UK.

The education of managers of
technological enterprises

Business Studies used to be a purely post-graduate,
post-experience, operation and probably should be

‘THE PLACE OF MATHEMATICAL
MODELLING

Introduction

During World War 11 aircraft maintenance was one of
the frst areas to be tackled by the early operational

sill. Some of su
and marketing, were taught separately at

researchers . They correctly distinguished between
‘war and peacetime requirements and prevented the

Tevel, but th

that combined most of them was still based on, and
called, Economics, and was sometimes combined
with Mechanical or Production Engineering,
Graduates of such courses had some hope of
eventually becoming competent to run businesses
in the financial or engineering sectors respectively,
particularly if they invested, preferably afm some
‘practical junior experience, in an MBA cous

In contrast, the modern BS graduate knows
nothing about technology but expects to be telling
experienced engineers what to do just a few years
after grzduauun Because governments make

withdrawal for mai serviceable aircraft
that would probably be shot down before anything
vital failed. The peacetime schedules, quite properly
designed to sustain a high level of readiness (for
‘war), were ignored in favour of damage repair and a
few routine checks and oil changes. This is a totally.
ferent problem from that posed by complex
‘manufacturing systems.

But whatever the context, we may infer that some
form of statistical model of the incidence of failure,
the time to repair (and the effect on both of the
stress levels on the machinery) and of the costs and
benefits to the company as a whole, is necessary to

y law and taxation plicated many
ompealed i BT TyIEl st e o T
these bean counters must be in charge to keep the

company out of the courts. Actually, many

‘The model must reflect reality sufficiently accurately
tavoid ’Garbagt-in Garbage-out (GIG), which

pl
present and historical, show that engineers and
scientists are quite capable of running a business,

given the appropriate training, In fact, they usually

can bya
B Vesnd ihe capabilic S yracobes oh o
technical training or experience.

do it better than BS graduates

hay

because of their generally higher mathematical ability.

Conclusion

Management Science has contributed t0 industrial
growth in the past and many of its methods remain
valid, but its practitioners are failing to optimise
industrial efforts world-wide, mainly because they
have abandoned scientific method in favour of

knowledge to analyse the data, infer a mathematical
o statistical model and calculate the relevant optima.
1t has taken the author over twenty years to acquire
sufficient insight and mathematical knowledge to be
reasonably confident. Inappropriate mathematical
models can be startlingly counter-productive.

With these factors in mind, we examine now the.

[CLETEOE] s s
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The case for more comprehensive data collection
and how it might be achieved: Part 1

s that

The Swedish

The
Sales Manager only agrees o try to sllthe extra 10%
on the understanding that quality willimprove.

Hothi

(which means ‘Big)
dates (at a bit of a sretch) from the 13th gty
and has only recently succumbed 10 a takeover. I
strted asa mber concen bt ather than zbandon

learly, i b
lhroais, and some of them willbefred for mi

8

plans, m
pwwa, because it was needed if lhzy ‘were t0 develop

rgets. Under g
e e T A
those frightened and overworked managers who
remain, and further decline takes place despite
uE b

became a major player.
T S e e
is Siemens, which has grown by always trying to be
first with the best. Thompson in France, Phillips

d, GEC in

prevaili
marm tond)uom, for which all board members of
course deserve a fat bonus.

Consultants and core competencies
In past papers, the author and others have blamed
such vicious cycles as the above on failure to
address quality problems and the need t0 refresh
the product cycle, but it is now clear that a more
general theory, based on ‘joined up’ thinking and
inter-departmental co-operation is needed for
the increasingly competitive future. But first, the
e

T ) e i
o

combines and BHP in Australia all grew and
prospered by diversification and innovation and all
have suffered setbacks (in GEC’s case almost fatal)
when they tried to concentrate upon what they
thought they knew best.

Just as the departments in a single company should
co-operate sellessly to endure, the individual
companies in a conglomerate should allaim to
‘maximise the stability and profitability of the whole
rather than the divisions separately. New prcdum

and

cn

start
targets. They will not do this unless they feel secure.

ly
ind must be developed the prtln\lonuwﬂl

ot remain profiable indefintely. Vet in engincering

not al
see some end to the downsizing and despair. Thi

wide, businesses built up over a
eghin e ey e i el o,

n destroyed in a decade by

will ot occursimply because all retire
aweek of pointl i

carried out in intense physical discomfort. Nor
should they blindly follow the advice of consultants.

Consultants usually feel that their reputation depends

‘upon quick rather than lasting improvements,

which leads to the curse of financial short-termism,

pandemic in the English-speaking world. Historical
research by American economists, no less, has

revealed that flexibiliy, quality and innovation

rather than retreat 10 so-called '

f overpaid boardroom i
and ignorant self-styled consultants applying
distorted management theories advising a return
10 ‘core competencies. They reduce the company
until even they can manage it, shedding the green
offshoots of future growth.

Australia has failed to grasp the opportunities
offered by plentiful indigenous raw materials
and an isolated home market. The raw materials

are characteristc of long:lived companies with good
Tabour and customer relations'. These economists
failed to acknowledge the considerable body of Total
Quality Management and terotechnological literature,

are exported high value-added
products. Wool is exported to return as clothing
with Italian and British labels. Chrome and nickel
ores go all the way from Western Australia to
Finland, t0 return as stainless steel products. All the

never even ing
anything written by an engineer.

jet engines exist in Queensland and the climate
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Computer Integrated Manufammng (CIM), have

Ouradvice, to modernise, diversify and collect data

1o box for
and flowcharts. Production plam g0 awry because
the inevitability of stoppages for adjustments and
failures has been ignored. This problem has become
more acute because of the popularity of Just-in-Time
(T) manufacturing methodology and ruthless
reductions in stocks of raw materials, work-in-
progress and finished goods.

‘The MBA-course view of maintenance extends

10 other functions of a technical nature such as

design and production. All three are usually to

be run to rigid rules, which the non-technically-

trained manager dare not change. Instead, they

concentrate on ﬁname, sales and marketing which
understand, and

il o ot ra oo i

through research and development. Engineers are

sometimes equally guilty.

A manufacturer of small machined brass castings
complained to the author of falling revenues and
sales. When questioned as to the quality of his
products, and the modernity of his machinery

and methods, he rejected any idea that they were
inadequate to the present-day requirements of his
customers. Yet most of his machinery was more than
thirty years old and 30% of product, mainly pressure
valves for domestic boilers, was rejectable at
firstinspection.

“To sustain their precision, his antiquated machines
needed more maintenance than they got, and far
100 many castings were porous, due to inadequate.
temperature control of the molten metal. These
drawbacks were accepted because they had either

g advances, was ignored. The factory,
one of the oldest in Birmingham, was converted
102 block of yuppie flats with a night club in the
basement. This is an extreme example, but by no
means unique. An almost parallel case occurred in
Queensland, the only difference being the products,
which in this latter case were domestic water heaters
and tanks. In both cases, sons with Business Studies
degrees had succeeded engineer founding fathers.

Management by objectives (MBO)

When he conceived MBO' Drucker, can have

had no idea how it would be distorted and over-
simplified by consultants. As usually applied, MBO
inevitably, if unintentionally, encourages managers
10 meet their own targets without regard to the
effects on others or the company as a whole. Senior
managers are advised to write down their overall
aims and then to subdivide them into targets for
their immediate juniors, and so on down the line. It
has been referred to as ‘silo management’with the
various managers each in their own silos, unable
10 see or care what is happening in any of the other
departments.

Consider a simple example that could occur in
any manufacturing company. At the start of the
year, the general manager discusses separately with
the managers of Maintenance, Production, Quality,
Sales and Stores what their targets should be for
the next twelve months. The Maintenance Manager
reluctantly agrees to cut his budget by (another!)
109% and is promised (verbally of course) that

the board will approve new machinery next year,
provided that these and other savings are achieved.

altvays been there or had built up v y. The w©increase
only reason that any qualit records 10% and jte misgivi
were kept was t0 satisfy the requi the about ‘e e exira

Britsh Standard for relef valves. Like most standards,

goods. He dare not say so but is planning to achieve:

this one was not.
economics, only the quality and safety of the product
reaching the user. As a result, the company was beaten
for price fortheir main product by a competitor for

get by cutting a few comers on quality.
Unbeknown to him, however, the Quality Manager has
agreed (0 reduce the number of customer complaints.
by 50%. The Stores Manager agrees 102 10% cut in

‘whom boiler relief

offany spare
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The case for more comprehensive data collection
and how it might be achieved: Part 1

than simple Age and Block Renewal, (AR, BRY’,
and even these are often mis-applied to complex
systems in which only the failed parts are renewed;
bad examples’ were citicised at the time of their
p\lhlimlian, and later’.

suggested. These all involve more detailed and
‘more complete data collection, to make possible
the more sophisticated analysis and functional
and mathematical modelling needed for real and

athematicians for the case where faults develop
o by inspection before they
cause filure have sually been oo complicated
for general application and too inaccurate to save
serious money, with the notable exception of those
of the Salford school "

Combined systems of management and

optimisation

“The general faults described above, and many more,

areincluded in ROM, currently one of the most
models. For

However, the second and more important purpose
of this paper i to discuss the need for, and benefits
of, a more integrated approach that takes account
of the interactions of the traditional functions
o departmental responsibilities in a productive
enterprise. We think that just ‘considering’ these
functions in a bold diagram with lots of arrows and
circles is not sufficient; to get ahead of the field and
stay there,it is necessary to know - or at least be
able t0 estimate and continuously refine - the effects
a

& fll expes of i poklems Wi REH) e the
author's own paper”. TPM provides a more useful
way of connecting maintenance to quality and plant
economics than Six-Sigma, but nevertheless has
limitations, only partly and very imperfectly covered
by RCM!. All

function have upon the others.
regard, Maintenance is but one of many
functions with a levered effect far beyond i
intenal costs and concerns.

MANAGEMENT SCIENCE AND

faddish because
(a) they are limited in their (o and based,
explicitly or imy i

In this section we examine in more detail the
assertions made above regarding the failure of

false models of eality, and/
(b) theyplayon the manager' naural desie
rsimpl

eto o
with the maintenance function. The changes
necessary in the training and practice of general

ally

problems that are not amenable to such
solutions, and/or -
© oreesia

0 imp
will also be discussed.

y y
‘who themselves do not fully understand the
problems, and/or -

(d) they contain false measures of success that
“demonsirate’ that they have been effective.
(A fad is defined in the Com:ise Oxford

ictionary as “a craze, a . a piece of
fancied enlightenment” i Ta e
author's meaning).

Solutions - the need for data collection
and functional integration

‘Almost all of the standard managerial and
production economics texts treat maintenance as
an expense or even as a fixed cost. They regard it as
unavoidable, and necessary to make all their other
assumptions about the failure and performance

of the machinery true. According to most of these
texts, the machine’s maker's instructions are to be
followed without question or variation. No account
is taken of the need for more o less maintenance
depending on the severity and intensity of use, and
10 changes o the schedule are permited n the

& the failures and
of current practice, expanding under each of
b i

except o ‘save money’ on the
maintenance budget. Even books on advanced

techniques, such as

[SHF=XoX1 J—



The case for more comprehensive data collection
and how it might be achieved: Part 1

of simple - but inevitably flawed or incomplete

- models of reality which attempt o reconcile
the other two approaches with the experience of
practical maintenance engineers, and the other
needs of the maintenance function.

Al three approaches suffer from the failure of their
advocates 1o take account of one o more important

scientists, concentrate upon one aspect or one
technique, often over-simplified for easy popularity,
eg, Six-Sigma. The crazes for such fads seldom last
more than ten years, which s just as well because
‘most of them turn out to be ultimately harmful,
even though they are usually not blamed directly by
‘management coroner-pathologists or bankruptcy
receivers. This is because of the relatively long time

aspects of the overall problem.
really should be laid up into a rope, in which each is

supported by the other two and the whole is stronger
than the sum of the parts. This paper argues the case

for a more comprehensive approach, based on Life-
cycle Profit (LCP) and Total Quality Manufacturing
(TQM). In this more holistic terotechnological,

and efect in such cases. (For
crazes from within Maintenance/Terotechnology
itselfsee laterin the section on Combined Systems
of Management and Optimisation)

The mathematical modelling approach
A plethora of mostly inappropriate mathematical
et iy

approach, maintenance is no asan
isolated function, but integrated with the other
functions of the irm, and justified by estimating
and later measuring its contribution to overall
profitability. Such an integrated approach requires
the support of an inclusive IT system with potential
benefis far beyond the maintenance function and
this year's bottom line.

Th 5 ch

of mathematics and operational research (OR) for
‘many years. Surveys ** have shown that very fev
20% say, of these models are potentially useful, and
even fewer, about 1%, have been reported as actually
used. Even then, they are often used inappropriately.
“The principal problem has been misunderstanding
of the reliablity theory appropriate to maintained
systems, the so-called ‘bathtub curve’ problem"”.
oo i

“This suffers from advocates, managers and theorists
who do not understand technology. Drucker's
‘Management by Objectives' is typical. Management
scentists persisted with the beief that maintenance
is a fixed cost that is

as well as their (potential) customers, the engineers
‘managing the maintenance function.

‘The principal generalised faults of the OR specialists
e P

y hard
times reduce the requirement to use the machinery
10 be maintained. Only veyrecently s anything
appeared in the MS press that

satified t00 easily with inadequate data, and to
draw dubious conclusions from over.claborate and

connections between maintenance and quality and
market share and even then there i no attempt

models that attempt to
‘make the best of what can only be, e end, a bad
job due 0 inappropriate data. The genera statsticl

w0 find . The Life-
cycle Cost (LCC) and late, Life Cycle Profit (LCP),
approaches have come from engineering rather

than d 0 have not

the higher the information content
the better the best possible decision can be seems to
have beenlost, together with the original concep of
OR, defined ion of scientific method

of large

found

concems outside Scandinavia. On the M sde
there have been such movements as Kaplan and.
Norton's Balanced Scorecard * which acknowledge
the importance of factors other than the bottom

P 1 problems.

Engineers will not apply models they do not
understand, especially when individual results
chall:ngz theircommon sense. As aresul e

line, but still keep them in watertight
Other fads, invented or taken up by management

researchers
and mathematicians have been applied, other

[CLETEOE] s s
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The case for more comprehensive

data collection and how it
ight be achieved: Part 1

‘This paper is about possible methods for the practical application of
Terotechnology. It is explained that data analysis is prerequisite to
formulating, and later updating, optimal maintenance and plant renewal
policies. The nature of optimal maintenance policies in the context of the
Life Cycle Profit (LCP) method of Hans Ahlmann is discussed, as are the
requirements for applying this method, the most important of which are (i) a
better database than most managers of companies are used to, and (ii) better
software to analyse the data. Itis explained that, for productive systems, the
long-term costs involved in data collection to permit full realisation of LCP
are unlikely to exceed the long-term benefits of a management policy based

Abstract

upon Total Quality ing and LCP rather than by
4 David Sherwin . oA X s ’ f
Eeeonenwin, Objectives and Reliability Centred Maintenance, this being particularly so i
Terotechnology, Lund data requirements for the firm are integrated.
and Vaxjo Universities,

Sweden, now retired
In this first part of the paper, the author explains why he believes that management

science has failed to integrate or deal optimally with the maintenance function
and discusses the need for, and availability o, statistical modelling aimed at the

of mai licy. In the second and ing part of the paper,
t0 be published in the net issue, he will offer a detailed critique of combined
systems of overall and maiy imisation dnd esplain iy he

believes that there is a strong case for comprehensive data collection.

INTRODUCTION + functi Production and Quality
General are often multiplicative, yet they seldom appear as
his paper is a considered, but essentially avital factor on the organograms for schemes for
Tpelsm\al and opinionated, view of how Computer Integrated Manufacture (CIM) or Supply
the subject should be handled in practical Chain Management (SCM).
applications for the best advantage of all the ‘Three strands have been discernible in both
stakeholders in a producti taking, This ic and practical thinking and action

view is based on a total of forty years activity in the  about maintenance over the last few decades.
ity and quality,  The Management Science (MS) approach

general field of maintenance, relial

only half of which was in universities. treats maintenance as a cost. The Operational
Research (OR) approach treats it as a problem in
matters, imisation. The third approach,
if only because they together account for 10-40% typified by Reliability Centred Maintenance (RCM)
of total costs in an enterprise. Their effects on and Total Productive Maintenance (TPM), consists
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Figure 15. A FLIR E25 in action

One further development has been the emergence of
a new generation of low cost infrared cameras (see
Figure 15), incorporating many of the above features,
but aimed at a much wider user-base. These systems
are generally based on a smaller array, typically of
160 x 120 measurement points, rather than the larger
320 x 240 arrays of traditional systems. While the
image size is smaller, the information gathered is of
similar quality.

The primary purpose of these smaller systems is as
a simpler entry-level tool to support the activities of
the maintenance engineer in a ‘find it, fix it role.

Typically, they are used to record before and after
situations, and in ad hoc investigations. As well as
being used for regular surveys they optimise plant
uptime. While many entry-level systems are supplied

with a fixed feature set, the FLIR Systems E range is
available with the ability to interchange lenses. This
allows the capabilities of the system to be extended
for relatively litdle further investment, rather than
having to purchase a new camera. In this way, for
example, electrical cabinets that are close together can
be inspected using a wide-angle lens, while overhead
cabling or conveyor systems can be inspected with

a telephoto lens. The software supplied is normally
sufficient for this purpose without adding the full
range of post processing capabilities required by the
‘more sophisticated larger systems.

Very often, these systems are the gateway to in-house
thermography for companies and maintenance
teams. While initially purchased with a specific
purpose in mind, such as electrical inspection, their
usefulness in other areas becomes rapidly apparent.
here that the importance of flexibility in the
initial system becomes paramount

CONCLUSION
Advances in infrared camera technology, coupled
with software development have produced a

range of thermography solutions to suit a whole
host of applications. They have generally made
thermography a serious addition to the maintenance
engineer's toolkit. While the existence of many
solutions provides choice, it is important to have

a long-term view when making the investment

10 ensure that both current and possible future
requirements are addressed. It is very important to
ensure that the platform chosen is one that provides
an upgrade path.

‘The author may be contacted at
Flir Systems Ltd.,

© 01732 220011

Fax: 01732 843707

Email: paul.sacker@fiir.uk.com
wwwflir.uk.com
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he next major breakthrough came with the launch
of the focal plane array (fpa) and, in particular, the
uncooled focal plane array. The original units still
required that the detector - at that time a 320 x
240 armay - be cooled to well below 0°C
10 obtain a good quality image. These units were
typically based on detectors in the 3-5p wavelength,
and had excellent image clarity. They were much
more portable and had very good thermal sensitivity
~ for example the PM390 from Inframetrics had a
sensitivity of 0.07°C

in order

The latest generation of infrared cameras has
taken advantage of many of the developments of

Figure 12. An early infrared imager being used for a
building survey

‘The next major step forward was the creation of the
‘onepiece’ camera with a thermo-electrically cooled
detector. Again this breakthrough came from Agema,
with the development of the 470 camera (see Figure
13). Although this was still a mechanically scanned
unit, the weight had been reduced considerably to
anow portable 5.3 kg! The reliability of these units
is legendary and there are many stillin regular use
today (we know who you are and where you live)

ther , such as mobile phone battery
technology, to reduce the weight of portable units
and at the same time increase operating time.
Typically, today’s infrared cameras will run for over
two hours on a single battery.

Significant breakihroughs in materials technology
and also in cooling technologies have allowed
uncooled detectors to achieve thermal sensitivities
greater than the cooled versions - the ThermaCAM
S65HS, for example, can achieve 0.05°C. Units
are now available with both Infrared and Visual
cameras integrated to enable
users to identify the subject
rapidly. Many also include
microphone headsets to

allow voice notes to be made,
and sophisticated reporting
packages are available to ensure
that the information can be
tumed into reports for follow-
up and action. Ergonomics
have been improved and weight
reduced to such an extent that,
by utilising secondary LC
displays with remote control
butions, a camera such as
the FLIR Systems P65 (see
Figure 14) can be used from
a wide variety of angles while
the operator remains in a

comfortable position.

Figure 13. An Agema 470 in use Figure 14. A FLIR Systems PGS in use

W om-nstcom
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Product line restriction

Process pumps and piping can range anywhere from
oil process heaters where crude oil s being heated
0 leaking steam drain line valves or pulverised coal
feed lines. Figure 10 is an IR image of a pulverised
coal inlet in which the airflow had become restricted
as particulates had drifted towards the bottom.

(To derive this image the thermal contrast had to

be adjusted by tightening the temperature span)
Such a restricted airflow in a coal line could have
potentially serious consequences, an overheated
plug spontaneously combusting and causing an
explosion.

Figure 10. Restricted coal feed

HVAC

Figure 11 shows rooftop HVAC units at the relatively
new Denver International Airport. That on the left is
an IR image of a dead evaporator coil bank, that on

the right i of a properly operating unit.

Figure 11. Evaporator coil banks

Post-installation and repair verification
Infrared is most often associated with finding
problems with older, less reliable, equipment. As
some of the above examples demonstrate, however,
new equipment or repaired equipment is often
problematic because it is the wrong equipment,
defective, or improperly installed. Infrared therefore
can be a valuable tool for helping to validate new
equipment installation or repairs. This also helps
prevent damage to the equipment and ensures
system reliability.

In summary, scanning all areas of plant for potential
reliability problems can give an infrared programme
nificant added-value
Numerous problems show up thermally and therefore
can be found and remedied, making plant more
productive and safe. One of the significant discoveries
s that the initial cost of the infrared camera is rapidly
exceeded by the additional benefits that are derived.
50, 10 get the best return on investment buy, at the
start, the most flexible camera platorm.

nd return on investment.

LATEST ADVANCES IN THERMOGRAPHIC
CONDITION MONITORING

‘The use of thermography as an integrated part of a
well organised condition monitoring programme is
now widely recognised. Standards for the practice
have been documented in many companies and rapid
advances in the technology have occurred over the last
twenty years. The true pace of adoption has accelerated
significantly in the last couple of years, however,
following the launch of various low cost cameras.
based on smaller arrays (typically 160 x 120 pixels)

nally, thermal imagers were exclusive to military
applications, were bulky, and required special cooling
technology. The first unit launched commercially

- by Agema Infrared in Sweden in 1960 - was a two
piece unit requiring a vehicle for transportation (see,
for example, Figure 12). The camera was based on a
single pixel and a rapidly scanning mirror (o obtain
the image. This concept was refined until the mid
1980’ - with cameras still dependent on two separate
‘modules to create the image.
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Belt drive systems.

All belt systems are subject to problems, including
over-tightening, The image in Figure 7 is of an
exhaust fan belt drive system, where the belt is
running at over 180°C. There were four zones

like this in a twelve zone oven, all with the same
problem. Temperatures of this magnitude were
quite unexpected on these units and exceeded

the maximum allowable, which was substantially
decreasing their life expectancy. In addition, the
oven zones were electrically interlocked; when one
lost temperature, they would all shut down. The
cost of the replacement belt was £18, the cost of
downtime £5,500 - a very conservative estimate
which addressed manpower cost only. Additionally,
this oven contained 115 vehicles that could be
damaged. These, by the way, were brand new ovens
Extensive investigation with the contractor resulted
in a change of belt style. The saving in avoiding plant
shutdown ran into many thousands.

Determining liquid level in tanks is another
application for IR thermography. Figure § shows
petrochemical tanks and their revealed fluid levels.
Note that the tank i the right hand image shows
three discernably distinct regions. Tank liquid levels
depended on transient thermal heating or cooling,
such as caused by the diumnal (day/night) cycle. You
would have difficulty determining the liquid level

Figure 8. Petrochemical tanks

door tank where the liquid was at the same
temperature as the ambient environment without
applying some type of thermal ‘strss, such as could
be provided by a a hot air gun.

Filters

‘The thermal images in Figure 9 are of part of a
sewage treatment facility. Oil lubricates bearings
on a centrifuge that further separated solids from
liquids. Warm oil was pumped from the sump,
filtered and sent to the motor bearings. It returned
10 the sump and the cycle was then repeated. The
image pair shows two sets of filters. Each set had two
filters with an accompanying valve used to select
one of the filters. The valve handle can be seen in
the centre just above the filter cans. In the left hand
image, one flter is cool, the other warm, which
indicates proper operation. In the right hand image,
both filters are warm, which means that the valve is
leaking and needs repair or replacement. Note that
we did not need temperature measurement here.

Figure 9. Oil filters
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Conveyors

Idler bearings on conveyors are difficult to monitor
with anything but infrared; the same s true for
conveyor belts and sheaves. The excess heat seen

n the right hand image of Figure 3 was caused by
the metal bracket rubbing the conveyor belt; in the
left it was the result of misalignment. The belt was
1.82m wide and cost just over £16,000 t0 replace. In
both instances the bracket would have eventually
cut the belt and required replacement. With either
finding, the costs saved would have made a major
contribution o the cost of the camera.

Figure 3. Excess

Figure 5 is an IR image of a roller bank conveyor
system at an auto assembly plant. The roller bank
was not easily accessible and the image had t0 be
taken at a distance of more than 12m. Accessibility
and non-contact diagnosis are important benefits of
infrared inspection. There were faulty and missing
tollers on this main conveyor that returns empty
carriers 0 the paint shop. Failure would have
resulted in several hours of lost production. By
averting a shutdown, over £55,000 was saved.

v

B0 o WISSANG ROLLERS

heat, due to (a) (b) friction
The images in Figure 4 are of worn conveyor
bearings. The only way to detect these before they
fail is with infrared. In the plant concerned, there
were 127 km of conveyor with a bearing set every
2.4m to 3m - that is, more than 40,000 pairs of
bearings in total! With infrared, any faulty bearing
was easily identified with one pass of the camera. It
could therefore be earmarked for attention during
a planned shut down, before its failure could cause
costly downtime.

Figure 4. Worn conveyor bearings

Figure 5. Roller bank conveyor

The right hand photograph in Figure 6 shows the
dismantled roller bank. Just how bad was it? Notice
the two missing rollers in the centre of the turn; the
roller next to each one was worn flat on one side.
The back edge of the rail is so worn, it is paper
Clearly the lack of access to the equipment was part
of ts neglect. Although this problem was a long time
materialising, infrared detected it in time. This is an
example of inspecting beyond a pre-defined route
preventing a costly production stoppage.

Figure 6. Dismantled conveyor
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installation was corrected and an estimated £60,000
a year saved. They had owned the camera for just
amonth and it had paid for itself, all because the
thermographer asked ‘What else can I inspect?’

Mechanical applications

Thermography offers a quick non-contact diagnostic
t0ol. Equipment can be scanned while still in
operation. Infrared can be used to find problems,
which can then be verified by vibration analysis, oil
analysis, laser alignment, or other means.

Motors

Electric motors represent a significant proportion
of the nation's electricity cor
large motors should be monitored and protected
via such diagnostic technologies as vibration and

oil analysis. However, there are cases where access is
limited or the motors too small for oil analysis. In

mption. Bearings on

(b)

Figure 1. Images of an overheated motor bearing:
(a) visual, (b) infrared.

these cas

, infrared can be the best or only solution,
Figure 1 shows overheated inboard bearings on a
motor. Run to failure or fix The decision depends
on its criticality. In this case, the motor is cr
and its loss could result in lost production costing
thousands of pounds.

*>105

1000
80.0
60.0

B

*<59.5°C
Figure 2. Overheated gearbox: (a) visual, (b) infrared

Gear boxes

Gear boxes and other low frequency devices do not
readily lend themselves to vibration or oil testing.
Thermography can be the only method for finding
problems prior to failure. The external temperature
of the gearbox shown in Figure 2 exceeded its

ne of 60°C maximum. This was
an indirect reading as the gears were interal and
certainly much warmer than the surface temperature
of 90°C.
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‘WHAT ELSE CAN | INSPECT?'

Paul Sacker

Sales and Marketing Manager
FLIR Systems

Itis shown that infrared thermography offers an
exceptionally useful tool for diagnosing operating
problems over a very wide range of plant and
equipment in many very different industries - and
that today’s thermographic tools are not only
highly portable and easy to use, but are also of
remarkably high accuracy and optical resolution.
Itis also stressed that their ability to offer early
warning of impending problems offers a rapid
return on investment.

Introduction

nfrared is a widely used diagnostic tool for

I electrical inspections. It can detect hot spots

due to excess load, loose connections, faulty
equipment or other problems that manifest
themselves thermally. Not so well known is the
tremendous benefit and value of scanning all
areas — not just electrical — of plant for potential
reliability problems. All kinds of problems show
up therally and therefore can be detected and
addressed. Finding more applications can make your
plant more productive and safe. It can also take your
infrared predictive maintenance programme (o a
‘whole new level of return on investment.

What's most important?

y
that is considered critical — vital to the operation
or representative of the biggest safety concern in the
plant. Equipment that could blow up or catch on
fire i clearly something that should be added t0 an
infrared inspection route and inspected at regular
intervals.

What else can | inspect?

In addition to their predefined route, the most
effective thermographers have an innate curiosity

a5 t0 how something would look thermally and

why. Frequently, the people that install and

repair equipment are well-suited to becoming
thermographers because once they learn the basics of
infrared, they can visualize how the system they are
observing with infiared is built. This can be extremely
valuable for infared targets that are covered
(indirect) or so far away as to be difficult to resolve
with the naked eye. By the way, get a good pair of
binoculars as part of your thermography tool kit

‘There are numerous applications that are suited to
infrared. A thermographer at a semiconductor plant
described how during his normal inspection route
he observed a pipe that was extremely hot. The pipe
1an t0 the drain, which seemed unusual to him.
When he followed the pipe back to its source he
discovered that purified heated water was literally
connected directly to the drain. An improper piping
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