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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ANALYSER SYSTEMS -
GUIDANCE FOR MAINTENANCE MANAGEMENT

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all natlonal electrotechmcal committees (IEC National Committees) The object of IEC is to promote

interma
this gnd and in add|t|on to other act|V|t|es IEC publlshes Internat|ona| Standards,
Techpical Reports, Publicly Available Specifications (PAS) and Guides (herea

elds. To

ifications,

as “IEC

irterested

nd non-

governmental organizations liaising with the IEC also participate in this prepa closely
with |the International Organization for Standardization (ISO) in accord ined by
agre¢ment between the two organizations

2) The {formal decisions or agreements of IEC on technical matters expres rnational
cons from all
intergsted IEC National Committees

3) IEC National
Com h t of IEC
Publications is accurate, i i i for any
misirjterpretation by any end user

4) In onder to promote international uniformi ati i lications
tran i i ivergence
betwgen any IEC Publication and the corresponding na cated in
the latter.

5) IEC [provides no marking pro edure to indicate appro for any
equipment declared to be i € ith IEC Rublicatior.

6) All ugers should ensure that the latespedition of jthis publication

7) No lipbility shall attach to IEC eri ire ployees, servants or agents including individual experts and
mempers of its teehnic itte ational Committees for any personal injury, property dgmage or
othe damage o‘@ v er” direct or indirect, or for costs (including legal f¢es) and
expepses arising “out i use\of, or reliance upon, this IEC Publication or any other IEC
Publjcations.

8) Atterti e. Normative_referehces cited in this publication. Use of the referenced publicptions is
indis i

9) Atterfti that some of the elements of this IEC Publication may be the subject of
pate eld’responsible for identifying any or all such patent rights

The main ical committees is to prepare International Standards. Howgver, a

technig nay propose the publication of a technical report when it has cqllected

data of| a different>k
e !"state of the art".

examp

from that which is normally published as an International Standard, for

IEC 62010, which is a technical report, has been prepared by subcommittee 65D: Analysing
equipment, of IEC technical committee 65: Industrial-process measurement and control.

This document has been provided by the Engineering Equipment and Materials Users
Association (EEMUA) with their copyright © 2000.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
65D/109/DTR 65D/122/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

A bl|ln( ual voarcion ~f thic Ay linatian oy bha lconind o
ooV eToToTT Ot o P oo atrior Ty ot roouttT™

G

&
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0 Introduction

In connection with the publication of EEMUA 187, the following text is related to the legal
aspects of its publication in the U.K.

01 Legal aspects

In order to ensure that nothing in this publication can in any manner offend against, or be
affected by, the provisions of the Restrictive Trade Practices Act 1976, the recommendations
which it contains will not take effect until the day following that on which its particulars are
furnished to the Office of Fair Trading.

As the|subject dealt with seems likely to be of wide interest, this p being
made available for sale to non-members of the Association. Any pe ers an
inaccu without
delay s

It has lection
of those parts of its contents appropriate to the intended _applicati lection
and ap i > ple for
whose cannot,
make naterial
contain amage
or loss on the
most 3 e g and on good engineering
practic bments
or legiglation.

All righits are reserved. etrieval
system, or transmitted i bpying,
recording, or other,

Infringing the co;r' in the
Associ i

0.2

This guliid blysers
are us safety,
envirorn

Maintepance organization, prioritizing of maintenance effort, maintenance methods, correct
resourbing, performance IIIUIIitUIiIIg ard lchItillg att piay anm—important—rote—im—successful

application of on-line analysers.

The ultimate effectiveness of the contribution of on-line analysers is measured by the ability to
perform their functional requirements upon demand. This technical report gives guidance on
performance target-setting, strategies to improve reliability, methods to measure effective
performance, and the organizations, resource and systems that need to be in place to allow
this to occur.

The various subjects covered in this document are discrete items and can appear unrelated in
the overall scheme of analyser maintenance procedures and strategies. The following flow
path ties the sections together in a logical sequence of approach.
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ailing inter-relationships of document subject-matter

ESTABLISH

ANALYSER
CRITICALITY

Section 3

REVIEW CRITICALITY
AND MAINTENANCFE

DEFINE
MAINTENANCFE

STRATEQY WITH
OPERATIDNS /
CUSTOMERS

Sections
4.2.5,
and 4.7

This te
determ|
consid
unit, on

Deternji
for eaph criticality
approaches-are cove

ST%‘E‘S{ES
AANAN
\§>ection4
4.6
MONITORING OF
ANALYSER
50>
Section 5
EC 1684/05

chanism by which the critically of an analyser fpan be
) assessment, the risk assessment being based upon
ence of the loss of the analysis to the operatlon of a process

rating for the analyser allows target values for reliability to be set
classification and prioritization for maintenance and support] Such
d in Clause 4.

b £ + +
A nunmber—of—strate

+ ol + pu | ry Ll 4l 4 4 Lol il 4. 1 lata ol | 4 H k
YIS UTSTyITmcUu U anuw 1T tartyTt 1T avmmiuTcos Larburatcu— Uy tme TrIs

assessments to be met are defined in Clause 5.

Finally, mechanisms

for tracking analyser performance and quantifying the performance as

meaningful measures are presented in Clause 6.
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ANALYSER SYSTEMS -
GUIDANCE FOR MAINTENANCE MANAGEMENT

1 Scope and object

This technical report applies to analyser systems.

1.1 Purpose of this technical report

This tgchnical report is written with the intention of providing an und 3 ing halyser
maintepance to individuals from a non-engineering background. S d as a
reference source to individuals more closely involved with lytical
instrumentation, and provides guidance on performance target-s prove
reliabillty, methods to measure effective performance, and the es and
systems that need to be in place to allow this to occur.

Effecti e been
identifige

On-lineg

1.2

One category of analysers are those use i ironmental
systems. T ime. [This is
essent rocess
analys bility to
perform i

1.21

On-lineg z rocess
control oh protection of assets (for example, corrosion, gatalyst
contanyi , or may be used to optimize the operation of the procgss (for
examp

For thig G of \analysers, the key measured parameter is either the cost of damage to
plant or the direet effect on overall profit of the process unit. Justification as to whether an
analyser should be‘installed on the process may be sought by quantifying the payback ftime of
the analyser, the pass/fail target typically being 18 months, although it should be notgd that
the cogmmrmmmﬂmmm of, the

process unit is difficult to measure. However, this contribution will be dependent upon the
analyser’s ability to perform its functional requirements upon demand.

This technical report focuses on the cost/benefits associated with traditional analyser
maintenance organizations. In a modern set-up, the complexity of analysers demands on
occasion data from chemotricians and scientists who may be owned by other parts of the
organization, and, as such, care must be exercised to include their costs.

1.2.2 Questions that need to be addressed

When considering on-line analyser systems and their maintenance, the following list of key
points is useful in helping decide where gaps exist in the maintenance strategy. Additionally,
a structured mechanism by which the “health” of an analyser organization can be appraised is
provided in Appendix 5.
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What is the UPTIME of each critical analyser? (Do you measure UPTIME and maintain
records? Do you know the value provided by each analyser and therefore which ones are
critical? Do you meet regularly with operations ("the customer™) to review priorities?)

What is the VALUE delivered by each analyser in terms of process performance
improvement (i.e. improved yield figures, improved quality, improved manufacturing cycle
time and/or process cycle time, process safety (for example, interlocks), environmental
importance)? (Is this information readily available and agreed to in meetings with
operations? Is the value updated periodically?)

What is the "utilization" of each critical analyser — that is, if the analyser is used in a
control loop, what percentage of the time is the loop on manual due to questions about the
analyser data? (Do you keep records on the amount of time that analyser loops are in
autprmatie?Beo—yeu—meetregutariy—with-eperations—te—+eview—the—eoperaters—feehngs about

the|"believability" of the analyser data?)

Do [you have a regular preventive maintenance programme set up_for - which
includes regular calibrations? (Does the calibration/validation proce tistical
profess control concepts — upper/lower limits and measurement\of a iabjlity (or
noigse)? Is the procedure well documented? Do you conduct/it reg / things

are|running well?)

Do|you have trained personnel (capable of performi equired \procedurg¢s and

troy for the
ang nd any
lab

Do bort as
neg cess to

the ? e ready access to the viendor?
Can higher level support personnél connect¥emotely to the analyser to obserye and

troy

Do ‘ ¢ %yste ns which documents all activity involving
the idation”records, all repairs and/or adjustmments?
(Dg identify repetitive failure modes pnd to
det you track the average time-to-repair apalyser

pro een-failures for each analyser?)
Do sers with higher level technical resources to |dentify
opyp e performance by upgrading the analyser systgm with

imp
Do

ore reliable approach?

operations to review analyser performance, update priorities,

and goals?
Do 3 ent who understand the value of the analysers and are committed
to, of,>feliable analysers?

Do |youskhow t much the maintenance programme costs each year and is therde solid
jus1ification for it?

Consideration of the above questions will help to identify opportunities for continuously
improving the reliability of installed process analysers. Once the opportunities are identified,
the following sections are intended to give guidance in achieving the solutions with the aim of

maximising performance and benefit of installed analysers;
achieving full operator confidence in the use of on-line analysers;

analyser output data becoming reliable enough to be used by operators, control systems,
and other users to improve plant operation versus world-class manufacturing metrics and
become best-of-the-best.
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic
safety-related systems

IEC 61508-5, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 5: Examples of methods for the determination of safety integrity levels

IEC 61649, Goodness-of-fit tests, confidence intervals and lower confidence limits fer’Weibull

distribyted data

IEC 61710, Power law model — Goodness-of-fit tests and estimation

3 Terms and definitions
For thg purposes of this document, the following ter

3.1
availability
ability pf an item to be in a state to pe
given [nstant of time or over a give
resourges are provided

ns at a
xternal

[IEV 191-02-05]"

3.2

catastrophic failure

failure jof a comt ysteryin which its particular performance charagteristic
moves|completely f>the extreme limits outside the normal specification
range

33

consegquence

measuf pécted effects of an incident outcome case

3.4

controf system

syster:i which responds to input signals from the process and/or from an operatpr and
genera i H LC to npnrafﬁ inthe desired manner

3.5

diversity

performance of the same overall function by a number of independent and different means

3.6

error/fault/failure/mistake

- fault: state of an item characterized by inability to perform a required function, excluding
the inability during preventive maintenance or other planned actions, or due to lack of
external resources [IEV 191-05-01]

1 |EC 60050-191, International Electrotechnical Vocabulary (IEV) — Chapter 191: Dependability and quality of
service.
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* undetected fault: fault which is not detected by a diagnostic check

e design fault: fault in the design caused by a mistake in the design phase of a system.
A design fault causes an error, remaining undetected in a part of the system until specific
conditions affecting that part of the system are such that the produced result does not
conform to the intended function. This results in a failure of that part of the system. If the
conditions appear again, the same results will be produced

e error: discrepancy between a computed, observed or measured value or condition and the
true, specified or theoretically correct value or condition [IEV 191-05-24]

e failure: termination of an item to perform a required function [IEV 191-04-01]

« mistake/human error: human action that produces an unintended result [I[EV 191-05-25]

o fail
suf

3.7

fault tr
analys
thereof

[IEV 19

3.8
functig
ability

ed state: condition of a component, equipment or system during/the™time wh
ject to a failure

ee analysis
s to determine which fault modes of the subitems or e

1-16-05]

nal safety
bf a safety-related system to carry ' ary to achieve a safe s

the EULC or to maintain the safe state for the

3.9
hazard

3.10
level
level o
accept

3.11

maintdinability

ability

which |i

conditi

[IEV 19

safety

BN it is

ihations
, may result in a stated fault mode of the item, presente ) ult tree

ate for

how far ’ i a given context, assessed with reference to an

Able risk, basé

1-02-07]

tate in
given

3.12

mean time between failures

MTBF

expectation of the operating time between failures

[IEV 191-12-09]

3.13

mean time to failure

MTTF

expectation of the time to failure

[IEV 191-12-07]
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3.14

mean time to repair

MTTR

expectation of the time to restoration

[IEV 191-13-08]

3.15

proof-testing

method of ensuring that a component, equipment or system possesses all the required
performance characteristics and is capable of responding in the manner desired

3.16 rL
random hardware failure
failure pccurring at a random time, which results from one or more of thie po
mechapism in the hardware

ible\degradation

NOTE 1| There are many degradation mechanisms occurring at different rates” in. dif d, since
manufadturing tolerances cause components to fail due to these mechani er \di i i beration,
failures jof equipment comprising many components occur at predictabte { edi i.e. [random)
times.

NOTE 2| A major distinguishing feature between random hardware tic_f [ system
failure rptes (or other appropriate measures) arising from rgandom € ted with

reasonable accuracy but systematic failures, by their very n € € n failure
arising from random hardware failure rates can be quantifi i e ing from
systematic failure cannot be accurately quantifi them~cannot easily be predicted.

3.17
redundancy
in an item, the existence of more than one meansio

[IEV 191-15-01]

Qrming a required function

3.18
reliability
probabijlity that
interval (z4.75)

[IEV 191-12-01]

function under given conditions for a given time

3.19
risk
probable rate of a hazard causing harm and the degree of severity of harm. The
concept ofwri c s two elements; the frequency or probability at which a jhazard
occurs quences of the hazard event

3.20
safety
freedom from unacceptable risk of harm

3.21

safety integrity

Sl

probability of a safety-related system satisfactorily performing the required safety functions
under all the stated conditions within a stated period of time

3.22

safety integrity level

SIL

one of four possible discrete levels for specifying the safety-integrity requirements of the
safety functions to be allocated to the safety-related systems, SIL4 having the highest level of
safety integrity, SIL1 the lowest
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3.23

safety-related system
SRL

system that

« implements the required safety functions to achieve a safe state for the EUC or to
maintain a safe state for the EUC; and

e is intended to achieve, on its own, or with other safety-related systems, the necessary
level of integrity for the implementation of the required safety functions

3.24

safety-related control system
SRCL
system which carries out active control of the EUC and which has t potential}yif| not in
accordpnce with its design intent, to enter an unsafe state

3.25

safetyirelated protection systems

SRPS

designed to respond to conditions on the EUC, which may.be haz rd s, or if
no actipn were taken, could give rise to hazardous eve ) butputs
to mitig

3.26

safety|requirements specification

specifitation that contains all the requireme to be

performed by the safety-related systemsdivided.i
« safpty-functions requirement specificati

« safpty-integrity requiré

3.27

software
intelleqtual cre

documentation pe

bciated

3.28
system
set of ¢
(a subs

system

* a cpntrolh er system; and

¢ hand, seftware an interaction

3.29
systematic failure

failure related in a deterministic way to a certain cause, which can only be eliminated by a
modification of the design or of the manufacturing process, operational procedures,
documentation or other relevant factors

[IEV 191-04-19]

3.30

system life cycle

activities occurring during a period of time that starts when a system is conceived and ends
when the system is on longer available
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3.31
systematic safety integrity
IS

that part of the safety integrity of safety relating to systematic failures in a dangerous mode of

failure

3.32
top event

unwanted event or incident at the “top” of a fault tree that is traced downward to more basic

failures using logic gates to determine its causes and likelihood

3.33

validaiion
confirmation by examination and provision of objective evidence that
ments for a specific intended use are fulfilled

3.34
verificption
confirmation by examination and provision of objecti
requirgments have been fulfilled

4

O

flassifying analysers using a risk-ba

4.1 Introduction

Definition of on-line analysers as being related

wherelly the target cate

risk fagtor. The hazard ra vent the analyser is designed to protect against (
called fop event) and the consequence)ofithe top event must be known.

envirofmental, asset protection or profit maximiza S i ili
to detgrmine the required priority fo rf S i i i
each ipstrument by designed™Mupctional \category.. This can be achieved using a risk

equire-

ecified

safety,
exists
ttion of
graph,

the so-

The me¢thod takes t inCi ¢ ral format of the risk graph approach for IEC 61508-5.

Howevegr, as this techn imed at analyser maintenance priorities, it must b¢ noted

that

a) where ana of a safety system, it is not an alternative approach to
detepmini grlty levels (SILs) and where SlLs demand certain proof-checking
perjod nalysers etc., these will take precedence

highest prlorlty i and the lowest priority is 3.

adopted is in line with accepted analyser maintenance practice,

i.e. the
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PD, PD, PD,
>
T : a a 1
: R E, "L
Starting Point for  : ; > E, :I—> a 1 2
Priority —|—> I
Assessment : R E _1:|—> :
. - 2 » : 1 2 3
| — S 5
: 1 :
b ® i |2 3 b
E, R 5
L 3 b b
R = Risk Parameter a = Special maintenance consideration
E = Exposure Parameter 1.2.3 = Priorityfe
I = Intervention Parameter T . L .
PD = Process Demand Parameter b =No pan?x‘}{ rlorlt)@nqmen

Using
consid

best achieved by defining the cons

scenar

to the applications.

Figure 2 — Risk grap

bred in turn. The risk graph for each ana

os. The exercise will establis

w 1685405

the generalized risk graph shown in Figurg f i nctional category is

: e "calibrated". |This is
evaluating a numjber of
risk reduction is appropriate

At the ptarting point of working throug vards priority setting, it is negessary
to estjiblish the initial elepe ich i éter (R), i.e. the main area of|impact
associated with analysei\ fail  damage, loss of profit, envirormental
damagp, serious injury/loss element is applied on judgements of

importance of the analyse

ugnning and is termed the exposure parnameter

(E), i.g. high ris im age, plant control scheme ability to fynction,
environmental c nt dimitatic a sensitivity, frequency of exposure of persohnel to
hazard] The third ele ' intervention parameter (1) which is an assessment of whether
operator interventio niti impact of the failure or not. The graph then leadsg to the
prioritization box i iarity’ choice based on the process demand parametefr (PD),

i.e. thelli requiring the measurement when a failure occurs
Table ical application of the elements in the risk graph, and explanatory
notes gre g
le 1 — Application of the elements in the risk graph
Safety Environmental | ASSet protection Profitmaximization
R1 Multiple fatalities on or off | Release causing Damage with major Production profit
site permanent damage or replacement costs margins high
major clean-up costs
R2 Fatality on or off site, Release causing Damage with Production profit
injury (resulting in temporary damage moderate margins medium
hospitalization to a requiring significant replacement costs
member of public or staff) | clean-up
R3 Minor injury with lost time | Release with minor Damage with minor Production profit
impact damage which should be replacement costs margins low
recorded, or failure to or no damage

record critical data
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Table 1 (continued)

Safety Environmental Asset protection Profit maximization

E1 Frequency of exposure to | Consent restrictions High risk of Control scheme cannot
the hazard is: more and/or sensitive area immediate/short- function
frequent to permanent term damage

E2 Frequency of exposure to | No consent restrictions Low risk of Control scheme can
hazard is: rare to more and/or non-sensitive area | immediate/short- function in short term
often term damage

11 Unlikely that operator action will prevent or mitigate circumstances

12 Possible for operator to take action to prevent incident or to significantly reduce consequences where
“IUIC ib bul’l’ibiﬂlll ;.iIIIU (JII\.II builla;uic ;dbiiiiicb dVdiidIUiU

PD1 Demand is frequent /4

PD2 Demand occurs on an average basis \

PD3 Demand occurs very rarely \

4.2 Safety protection

IEC 61p08 defines the requirements for E/E/PES devicesi ed systemis. This
technidal report does not seek to add to or modjfy the Ui of that standard in
relation to a method for determining analyser priority o i nd takes the pfinciple
and ggneral format of the risk-graph .“However, as this technical
report |s aimed at analyser maintenarce prio: >mphasized that the ranking
system adopted is in line with accep ana maintenance practice, i.e. the highest
priority|is 1 and the lowest priority is 3

The fojlowing should be
measufing elements for s&

se of analytical instrumentation as

The nean time between i [ instrumentation is lower than si’andard
instruni ' s s (pressure, temperature and flow measure-
ments) i 5P eci ) plex analysers such as spectrometers and gas

chromdg

Should be utilized in safety-related systems, duplex and] triplex

sensor ecking would routinely be required to achieve the negessary
on-line S e determined in accordance with the procedures and rules laid
down i the\above risk-graph usage in this technical report is intended as a
guide et ti maintenance priority and is not intended as an alternative route to
definin i

4.3 Environmental protection

Measurement of variables which impact directly on the environment are an increasingly
important function of on-line analytical instrumentation. Data produced by environmental
analysers may require submission to governmental bodies concerned with legal and
procedural aspects of environmental monitoring.

There is significant diversity in the nature of the techniques. Traditional applications and
methods are continuous air monitoring (CAM) and vent-emission monitoring by gas
chromatography or electrochemical sensors, organics in aqueous effluent by total carbon (TC)
and total oxygen demand (TOD), and acidity/basicity of aqueous effluent by electrochemical
pH sensor. These are supplemented by more modern techniques such as air-quality
monitoring by open-path spectrometry and elemental analysis by X-ray fluorescence.
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Failure of the analyser to perform its specified function may lead to consequences R1, R2, or
R3 depicted in Table 1. It should be noted that environmental analysers are often used to
record data, but examples whereby analyser failure leads direct to consequential damage are
far fewer.

An R1 consequence would be illustrated by the failure of a CAM system interlocked to
process valves, the overall function of which would be to detect emission of chemicals and
actuate the valves in order to contain the bulk of the process inventory.

An instance of an R2 consequence would typically be the result of a failure of an organics in
aqueous effluent monitor to detect a high level, thus neglecting to divert the out-of-
Specifi ration efftuentfor further treatment before retease to the surroundin vironment.

Typically, an R3 consequence would be an oxygen-analyser failure ding to
emissipn of partly combusted fuel; or the failure of a vent-gas ¢0 iti r, with
failure fo record environmentally critical data.

The selcond element of the graph requires a determinatio mental

status pf the affected area.

Classif to the
popula hysical
damag halyser
failure 2 e affected area, that area
should [ by the
authori

The th ng the
conseg L on the
nature ‘s inte i ocess. Where the operator is required to
directly a high

probab direct
involve e more
prone perator
to mitigate the ¢ , grab
sampling and |

The fin by the
proces

Procesjs demands.on the analyser are broadly classed as infrequent, average and fr¢gquent.
Categdrization of process demand is primarily the responsibility of the process enginger and
not thel analyser/instrument engineer.

Some examples of process demand, and frequency categorization are detailed as follows.

PD1 A frequent demand — can typically be considered to be one significantly exceeding the
single annual demand defined in PD2. The demand on either of the examples cited in
R3 are almost perpetual (the need to record environmentally critical data is considered
to place a continuous demand on the process).

PD2 An average demand — can typically be considered to be a single demand placed upon
a system on an annual basis. An example would be a high organic content in aqueous
effluent occurring on an annual basis (see consequence R2, failure of an organics in
aqueous effluent monitor to detect a high level, thus neglecting to divert the out-of-
specification effluent for further treatment before release to the surrounding
environment).
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PD3 An infrequent event — can typically be illustrated by the demand rate placed upon a
CAM system such as the one described in R1 (a CAM system interlocked to process
valves, the overall function of which would be to detect emission of chemicals and
actuate the valves in order to contain the bulk of the process inventory). Such systems
are designed to detect emission of a large mass of airborne process material, an
event, which, good process design should ensure, is infrequent.

4.4 Asset protection

Protection of assets is a need which can be provided in many instances by use of on-line
analysers. Examples include oxygen analysers for the monitoring of inerting systems,
conductivity analysers for monitoring the mineral content of condensed steam for turbine
safety @nd moisture analysers for monitoring water level in feed stocks measurement
for corfosion reduction.

The injtial element of the graph requires an estimate of the i of the

analyser.

The consequences of the loss of integrity of the asset pro i \ er\are generally of a

more cptastrophic nature and may have safety and enviro ions as well.

For expmple, failure of an oxygen analyser on an (inerting s cause an explosion
leading [ P sing injury to personnel and
the public, and loss of containment).

The segcond element of the graph requij of the
plant tq

Determination of damage<risk should be‘dete gn (for
example, corrosion allo . nerting
system|, any oxygen ingress L apid risking an immediate danger (high-risk
route gn the graph) whilst on Tolak: e space monitored may be under pressure and
unlikely to aIIo i this“pressure falls as the same time as the apalyser
failure.[ This case wWo i term monitoring to be put in place (low-risk route on

the graph).
The third el H_re : etermination as to the likelihood of an operator mitigatjng the
conseduences _of ana e. The possibility of this happening is strongly dependent on

whethdrdhe eperal ally represents a human element in a system.

In the pxample~of a failure of an oxygen analyser monitoring an inerting system to send its
signal [to an,*emergency shutdown system (assuming that the failure of the analyser is
unrevepled), the operator is unlikely to detect the analyser failure and thus actipn any

correctrvemeasytes:

The final element of the risk graph is a determination of how often a demand is placed by the
process upon the analyser.

Again referring to the example of the oxygen analyser, assuming that the analyser is
monitoring an inerting system (and is not directly used in controlling the level of inert gas), the
demand on the analyser (as a sub-component of an emergency shutdown system) would be
expected to be low. This assumption can be justified by the fact that, under normal conditions,
the control of the flow of inert gas into the process is controlled by simple devices, with low
failure rates.
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4.5 Profit maximization

Utilisation of analysers for maximization of profits is extremely common, applications being
numerous and varied, for example, measurement of the concentration of the product of a
reactor using infra-red spectrometry, with subsequent feedback control of reactor feeds to
maintain a constant concentration in the product; or control of the take-off at the top of a
distillation column with the aim of maintaining a constant concentration at a point within the
column.

The initial element of the graph requires an estimate as to the likely impact of analyser failure.

The consequences of the loss of integrity of an analyser associated with profit maximization
will de;l;end on the size of margins being derived by the extra quality control given over|simple

procesp control of temperatures, pressures, levels and flows.

The importance of production losses should be determined by co graph
should|be calibrated on a process-by-process basis.

The selcond element of the graph requires a judgement o eme to
tolerat¢ analyser failure. Analysers normally trim con hodels.

More domplex dynamic matrix control schemes may’be una i ithout all
inputs.|Analyser failure can lead to loss of the whole

The third element requests a determinatic he i ng the
conseduences of analyser failure. The Si ent on
whethdr the operator normally represent

Consider an analyser on a distillation coI i omatic
control 2 rate, a
consta 3 on the
columr]. Should the opera e a grab
samplg analysed j 1 results
of whigh can b where
equilibfia change

The fin by the
proces

The digt aces a
consta Liring a
proces in the

4.6

The risk graph analysis provides a method to classify analysers into category levels based on
their application and importance to the application. Category levels enable the setting of
realistic targets for process on-line analysers (availability and utilization) and also provide a
basis upon which to prioritize support effort for routine maintenance and breakdown repair.
This effectively helps to maximize analyser added value against support effort available.

Depending on the requirements within each functional category of the analysers, availability
targets can be set against the categorization numbers derived by the method outlined in 4.1.
Typically, based on industry-wide experience, these could be as shown in Table 2.
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Table 2 — Performance

Availability target
%
Category rating Safety Environmental Asset Profit
1 98 97 96 97
2 96 95 92 92
3 92 92 90 85

NOTE The availability targets are not calculated directly from the risk analysis but are quoted on what is
considered to be best industry practice.

4.7 Maintenance priority

For maintenance purposes, it is necessary to set proof-check fre ow the

performance targets in 4.2 to be met. This is achieved by consideri failure

and mean time between failure of the analyser. For an analytical inst MTTF

and MTBF, the proof-check frequencies will need to be more ) higher

reliabillti . idering.p heck\ frequencies, the

fault di i [ : e actount. These can

be use failure.

This cs

4.8

For su e analyser categories tp avoid

conflict en priority: asset protection| profit

maxim ns occur in the same category| which

takes 3¢ ‘ rat ng via a risk-based approach |allows

mainte S i igh anner using the following rules.

« Hig i is\gi te_ the highest category analysers; for eXample,
Ca i 2

e  Where two Ca 1" e (s reguire maintenance support, the order of impgrtance
shgll be deterp al category order: 1. safety, 2. environmental, 3. asset
protection, 4.

NOTE ioxj g 8 [, i.e. an ‘a’ on the risk graph in Clause 4, is found then the risk is|too high

for a solptio i i nd redundancy techniques are required. However, these analysers would, for

mainten S iori

5.1 Introduction

A key aim for any analyser maintenance function is to improve analyser system reliability and
try to avert failure and, if failure does occur, minimize the impact of any failure. The
mechanism involved to meet these aims is a combination of many facets and functions within
an analyser support organization.

Management systems and organization, maintenance programmes, technician training and
competency, optimization of resources through matching technician numbers to analyser work
load and/or use of in-house against contracted-out maintenance, analyser monitoring using
statistical control tools, optimizing maintenance strategy, and key performance indicator
setting and review are all important parameters in achieving these aims.

Knowing where a maintenance organization stands in comparison to other sites is also a
useful incentive for improvement. Benchmarking of best practices is another useful tool that
can be applied.
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5.2 Reliability centred maintenance (RCM)

RCM is an on-going process which determines the optimum mix of reactive, preventive,
condition-based and proactive maintenance practices in order to provide the required
reliability at the minimum cost, as shown below. The principal features of each strategy are
shown below in their block. These maintenance strategies, rather than being applied
independently, are integrated to take advantage of their respective strengths in order to
optimize analyser efficiency within given constraints.

5.2.1 Reactive maintenance

« Also referred to as breakdown maintenance, repair, fix when fail or run to failure.

*« Majntenance, equipment repair, or replacement occur only when the/detexj ion] in the
corjdition of an analyser causes a functional failure.

« Asgumes that failure is equally likely to occur in any part, compo

e The¢ assumption precludes identifying a specific group o
negessary or desirable than others.

« If the item fails and repair parts are not available, delays e e While parts are obtained.

e If gertain parts are urgently needed to restore a emium
for [expedited delivery must be paid.

 There is no ability to influence when the fa ken to
control or prevent them.

e When this is the sole type of ma . practice, there is a high percentage of
unglanned maintenance activities; high 3 use of
maijntenance effort typify this strat

e A purely reactive mai luence

anglyser reliability.

5.2.2 Preventative o
e Consists of r

rep

spection, adjustments, cleaning, lubrication| parts
of components and equipment.

+ Reflerred to as\time 3 rval-based maintenance.
o ltis i S to equipment condition.

* Sch
ope

spection and maintenance at pre-determined intervals| (time,
s) in an attempt to reduce analyser failures.

. Dejending on_the intervals set, PM can result in a significant increase in inspections and

e It should also reduce the frequency and seriousness of unplanned analyser failures for
components with defined, age-related wear-out patterns; however, replacement
components can introduce an additional risk of failure during the initial life of the
component (bath-tub curve effect on failure rates).

e Traditional PM is keyed to failure rates and times between failures.

* It assumes that these variables can be determined statistically, and therefore one can
replace a part due for failure before it fails.

» Statistical failure information leads to fixed schedules for the overhaul of analysers or the
replacements of parts subject to wear.

« Failure rate or its reciprocal, mean time between failures (MTBF), is often used as a guide
to establishing the interval at which the maintenance task should be performed.

< Weakness in using these measurements to establish task frequency is that failure rate
data determines only the average failure rate.
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* The reality is that failures are equally likely to occur at random times and with a frequency
unrelated to the average failure rate.

« Thus, selecting a specific time to conduct periodic maintenance for a component with a
random failure is difficult at best.

« PM is not for random-failure analyser components
5.2.3 Condition-based strategy
e Also known as predictive maintenance, uses primarily SPC calibration/validation

techniques, visual inspection, and data comparison, trend data to assess analyser
condition

« Replaces arbitrarily timed maintenance tasks with maintenance that is s
when warranted by the condition of the analyser.

« Continuing analysis of analyser condition-monitoring data allows planning(a
of maintenance or repairs in advance of breakdown.

+ Condition-based data collected is used in one of the following ways
condition of the analyser and identify the precursors of failure\, The*methods include

a) [tests against limits and ranges (SQC);

b) |[data comparison;

c) [trend analysis;

d) |correlation of multiple technologiesNexp ystem

5.2.4 Proactive maintenance

asic teeh iue%xten analyser life:

This employs the followingb
« spdcifications for ne

e pregision rebuild a
« andlyser sy
religbility;

« failged-part an

ximize

e roof-cause
« relipbility
e ags

+ faillire mode

5.241 Proactive maintenance

Proactive maintenance has the following characteristics.

« Using feedback and communications to ensure that changes in design or procedures are
rapidly made available to analyser technicians.

« Employing a life-cycle view of maintenance and supporting functions.
* Employing a continuous process of improvement.

e Optimizing and tailoring maintenance techniques and technologies to each analyser
application.

« Using root-cause analysis and predictive analysis to maximize maintenance effectiveness.
« Finding the cause of the problem quickly, efficiently and economically.

» Correcting root cause of the problem, not just working on its symptoms.
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* Providing a system that will prevent the problem recurring.

e A proactive maintenance programme is the keystone of the RCM philosophy.

5.2.5 Optimizing maintenance strategy

With reference to the concepts of RCM introduced in 5.2 an optimum maintenance strategy
can be adopted, as shown in Figure 3, commensurate with the failure-mode pattern.

Point of fail
(BN
2 b3 4
v v
Required
Duty Breakdpwn
1
1686/05
1 A thorough ' io ! i i i t them
from growing o"\big L ese daily inspections must be more than just an
opHq d ¢ rms a
thor ing into
ma| ith basic
too activities to be performed as part of the inspection acfivities.
Whe allowed to become reliability issues, the result i§ often
ung s \ in the form of reduced uptime, productivity, yield and quality and| higher
costt for main ance.including the possibility of increased capital cost for replacgments.
Dai is maintained throughout the life of the analyser; practical experience will
allgw the freque ¢y to change, but it must be reverted to if there is a personnel change.
2 Duiing“this period, SPC with verification checks is used to maintain the accuracy| of the

analyser, the frequency of checks dictated by the control chart and operator confidence
(for example, if the analyser is on sentinel duty).

3 Time-based PM kicks in condition-based maintenance (period determined by expected life,
experience, etc.). This may mean increased verification/calibration checks to determine
the point of fail which is expected in the near future, all data still under SPC.

4 This is where the calibration parameters are monitored (if available) to determine and plan
the optimum time for repair.

The ultimate goal is for the majority of maintenance to be in the condition-based and
proactive-based modes.

Appendix 4 gives an example of a flow chart to assist in decisions on which maintenance
strategy is most suited to which analyser system.
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5.3 Management systems/organization

Good analyser maintenance organization is necessary to achieve effective analyser
performance. The ideal approach needs to include dedicated technicians with good training
controlled by an analyser engineer with a full understanding of analysers, their duty and the
process which they are monitoring. The analyser engineer controls overall maintenance
organization and is a focal point for liaison between other refinery groups.

Additionally, an important factor that is needed in the equation is the level of authority/
influence given to the analyser engineer. Analysers should occupy a separate department
within the maintenance organization reporting directly to the management and not be a subset
of, for example, the instrument/electrical maintenance group. Also, regardless of whether

technidians are In-house or coniracted ouf, It IS considered esseniia t the jahalyser
enginepr’s role is an in-house function to ensure that company interests gnd requirements are
upheld
It can, however, be claimed that analyser maintenance can be su jefined
and fdgrmalized group structures, and, indeed, there are ups at
apparently low levels in the hierarchy and even spread 2 K ts/cost
centreg operating with reasonable success. But such appreache \ ily on persopalities
and arg vulnerable to changes in personnel creating individua ing perceptions of
priority|
Becauge of the diversity of organizatig h aim success, it is fifficult
to define a rigid organizational structu 2 & | fapproach needs to be| taken.
Figure |4 summarizes how the analyser fu S >
Supporters
Operations Co-ordination
Manager
|
_______ Lo
" [
l I I
Lab Adcon
Analyser
Services
(Central Function)
! RequiremenfsférPersonnel Two Functions
1) Understanding in Process,
Instr!.lmentation, Laboratory 1) Day to Day
A - lisiti:g:jAnalyserTechnology 2) “Pro-Active Engineering” - new
Be ic & ! ‘"
Rﬁ?}yom"t‘:)c IQGoodSenseofHumour J \
Customer Needs I
i
IEC 1687/05

Figure 4 — Organization of analyser functions

Such a conceptual approach should be able to be applied to operating sites of all sizes and
with any number of analysers. The basic concept is for a central function in a supporting role
ideally reporting to an operations coordination manager who has within his control the
laboratory, advanced control, special skills and production groups. Priorities should be set
through the owners and end-users of the analysers via an analyser quality team which
comprises representatives of all interested departments.
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In essence, the importance is in where the analyser engineer/supervisor fits in the overall
organization and that the analyser function is recognized as an independent service from
general instrument/electrical maintenance.

The importance of dedicated analyser maintenance technicians cannot be over-emphasised.

5.4 Training/competency

Technician training and motivation is an important factor in good analyser organization.
Motivation is achieved by giving a sense of valued contribution, continued interest through
training and trust to work with minimal supervision

5.41 Training needs

Traininig of personnel involved with analysers can be divided into
applicgtion and maintenance. Professionally trained personnel

gories:
s, and

others) are generally responsible for the application of analys /| Highly
skilled | specialists (technicians, inspectors, or instrument me put not
exclusively, responsible for maintenance. Therefore, the training halyser
applicqtions are directed toward professionals and the <raini bnance
toward|specialists.

Professgionals should keep their general background Skl s upd ma i mistry,
physic$, electronics, hydraulics, computer SC|en c $ which
may beé required for a thorough und B rs and
their sampling systems. This generaliz of job
experignce, self-study, night school, at are

beyond the scope of this technical repo6rt. In addit i r types
of analyser systems is necessary.

This application-oriented i ) e capabilities and limitations of gpecific

analysers and on the eX i C i nalysers in particular process applicgtions.
Training personpelf 3 i ce is quite different from application tfaining.
Maintepance traiming al“background updating of the personnel as well as
specifi¢ training on &naly 3. not.effective to teach troubleshooting of chromatographs if
the mgintenance pe . ledge of electronics and physical chemistry. Thus, the
backgrpund kno edge ] which professional personnel possess, often must be
taught to sp is i o.analyser maintenance.

5.4.2

It is importantdo choose the right people to train for application and maintenance of
analysers. (The need for training is usually apparent but training the right people at the right
time is|also important. One general rule to follow is to choose those people to train who will
be ass gnnd rncpnncihilify inthat area fnlln\uing the frnining_ Training is ovpnnei\/n andlican be
wasteful. Nearly all knowledge gained will be forgotten if it is not used promptly. This is
particularly important in maintenance training for specific equipment.

When choosing people for assignment to analyser maintenance, care should be taken to
select those with the most interest and best background and characteristics to be effective in
this work. Usually, this means selecting some of the more advanced people who already
possess, or can be trained to develop, the special skills required for analyser maintenance.

5.4.3 Types of training
Training can be categorized into individual efforts such as self-study, night school, and

correspondence schools, and formal group training. Although independent training is very
important to the individual, particularly in keeping current with advancing technology, it will
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not be discussed further in this technical report. Group training sessions are available from
vendors, schools, speciality contractors, technical societies, and on-the-job in-house training
by many user companies.

5.4.4 Vendor training

Most analyser vendors offer training sessions for their own equipment. The cost of these
sessions varies from nil to a modest fee, and the sessions are held in the vendor’s plants or in
locations more convenient to the students. Vendor training may also be conducted in the
user’s plant in conjunction with new analyser commissioning and start-up.

Vendor_training is generally of high quality. Most companies use a format that combines
classrqom sessions, demonstrations, and hands-on familiarization. Th sroom. [portion
covers| the principles and theory involved in the design of the ana the [proper
applicgtion of the analysers to processes.

The hgnds-on training is designed to teach proper functioning™a aj including
calibragion, testing, diagnostic procedures, adjustments an i g ly and
disass¢mbly.

5.4.5 Classroom training

Traininig provided by schools can be quite varl
held in| a local college or high school,
local industry and is usually someon
many fespects, this type of training ses
except|that the scope is broader, coveri

j class
: d from
aintenance of analysers. In
iflar to vendor training ¢lasses

Some [colleges and univefsiti C a short courses or seminars pertaiping to
analysers. These are desi 3 nterested in analysers who can take the time
away ffom their norma i ions. Most of these short courses are|of one

week dr less in durati industry
personhel. Cour ; and application-oriented than
maintehance-oriented, ‘@ 9 i directed more toward professionals rathef than
specialists. Because Vi EN of courses, the course content, the qualificatigns and
experignce of ins ) ended prerequisites must be reviewed carefully in order
to seleft the most ini

5.4.6

Technital €S also.offer a wide variety of training opportunities. Written standards and
practices pertain Q analysers, technical talks at society meetings, seminars, symposia,

and shprt ¢courses may be available. Exhibits of analyser equipment are frequently incléided at
technidal somety functions. This enhances the overaII trammg aspect In many mstans the
authors ¢
the classroom mstructors at seminars and symposia are recrwted from the membersh|p roles
of technical societies. Once again, the reader is cautioned to be selective in choosing the
specific training events.

5.4.7 User training

Many user organizations have established in-house training for individuals involved with
analysers. In its simplest form, this consists of a one-on-one training in which the trainee is
paired with a more experienced maintenance person during normal working hours. In this
system, the trainee receives individual instruction and hands-on experience. This can be a
very effective training technique, particularly where only one or a small number of people are
to be trained or where group classroom work is to be supplemented with field work. However,
it is an inefficient method in that it requires one instructor for each student. A potential
problem may exist in that the experienced maintenance person may be effective in analyser
work but not in teaching.
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In-house training is frequently held in conjunction with the commissioning of one or more new
analysers. ldeally, this training should be held prior to start-up of the equipment but with the
analysers actually operating with calibration samples. The analysers can be located in the
shop, in a training area, or in the plant. The instructor may be a local employee or a vendor
representative. This type of training can be very effective for maintenance personnel and for
familiarizing operating personnel with new equipment. Operators should be encouraged to ask
questions about the application of the equipment and to learn how the information obtained is
used. This type of familiarization in advance of start-up can help bridge the credibility gap
between operations and maintenance on analyser performance.

Many users have established analyser training sessions designed to train a group of people to
maintain a variety of different analysers in use in their plants. These sessions consist of two
to threp hours of training held one or more times each week, usually during.working| hours.

Traininlg can continue for many weeks until all subjects are covered. Instructors ften nclude
vendor| personnel for specific analysers and in-house experts for mor ts. The
personpel chosen for training should be those who will be assigned’re ihity i at area
following the training. The classroom should not be filled with ) i se the
training. Small classes are more effective than large ones.

Some Yisers have set up corporate training centres at a cen i i ts from
severar plants. This is a very formalized technique and can be i 2 it ig a full-
time effort with the students relieved from all othe i ing. One
company holds this type of training every year o o nine
monthg.

The gqgal is to convert the best availab ) cialists
through intensive training. A full-time instructorp by the
vendor[s personnel and corporate experts~.in_\ vendor
locatiops for some of its sessi g at an
analyser systems house.\ Thi its_hands=o gmpling
systemis, which have b i hat the
class gerforms the neg -oufy ‘calibration, and inspection of analysers befofe they

are shipped to the'pla 9 \ingrcourse may include

* bagic subjec 3 emist ics): 25 %
* ane 10 %
e mis 3 %
e ver 30 %
* har 12 %
+ clag 20 %

5.4.8 Retraining

A great need exists to continuously update and retrain persons already working with
analysers. The technology is advancing so rapidly that continual retraining is required to keep
current. Analysers today contain digital logic circuitry, microprocessors, and measurement
techniques previously not available. Personnel must be provided with retraining opportunities
to improve their skills and retrain their effectiveness.

Training discussed thus far can be used for retraining as well. However, it is probably even
more important in retraining to choose the right student for each type analyser to ensure he is
trainable. As analysers become more complex, analyser personnel will become more
specialized. All personnel will not be equally proficient with all types of analysers. A plant will
be doing very well indeed through its recruitment, training and retraining to provide analyser
personnel with sufficient skills to effectively apply and maintain today’s analytical
instrumentation.
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5.5 Optimal resourcing

Optimal resourcing ensures the right numbers of technicians to achieve required performance
of the analysers at the most economical cost. Achieving the correct technician workload can
be difficult as each analyser can require varying degrees of attention depending on its
complexity and application. To aid the estimation of the workload the concept of the
equivalent analyser is introduced. Equivalent analyser numbers are determined by
normalizing each analyser type and application to a typical analyser which has a defined
maintenance workload. From this can be derived a measure of the staff productivity which can
be used as a key performance indicator (KPI) as follows.

5.5.1 Equivalent analyser per technician (EQAT) calculation methodology

ntained
ded to
halyser

The EQAT number of a site is essentially the total number of equivalent analysers mai
at that| site divided by the total calculated number of technicians
mainta|n the analysers operational. The site EQAT number is only

KPlIs o bn  site
maintepance effectiveness. Since site EQATs are not considg i n, they
need t(

5.5.1.1

Use th ix 1 to
calcul assigned analyserg. This
should|include permanent maintenance staff dedi , , permanent maintenance
staff who have instrument and ana e ibiliti ngoing
contragted maintenance services and an » ork>don€é by multicraft personnel (i.e.
operatipons staff doing analyser validatj bt have
direct |assigned [ systems, such as first-line
superv|sors or staff assign 2| project work or work on non-permanent

analysers not included in

5.5.1.2 Step i— Ca

Use thie instructi 3 equivalent analyser calculation in Append|x 2 to
equate|all maintaingd ding analyser shelters to a common equivalent apalyser
reference. All eq ¢ 0rm aintained by the number of technicians generated in
5.5.1.1

5.5.1.3 o Equivalent analysers per technician index (EQAT)

The sife-wi g gnalyser per technician index (EQAT) for each site is calculated by
dividing the totes ber of equivalent analysers calculated in step 2 with the total effective
technidian humber

EQAT = ---
Total calculated number of technicians

To enable site-to-site comparisons, a site-wide EQAT number should be calculated. An EQAT
per business unit may be of use for comparisons of similarly structured sites

5.5.2 Ideal number of technicians

The ideal number of technicians to provide optimal maintenance cover depends on what is
defined as the standard analyser and the average maintenance requirement for that standard
analyser. This will provide a mechanism for justification of analyser technician numbers
(hence optimize resourcing) and provide a target EQAT number as a KPI (see 6.4)
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For example, if all comparisons are to be based on a flue-gas extractive oxygen analyser
system on a relatively clean application (gas-firing), and the average technician maintenance
load for this analyser works out at, say, 60 h per year to achieve a minimum of 95 %
availability, then the equivalency of 1,0 is 60 h work (note that these are hours of work
inclusive of eyeballing time, administration time, etc. but not hours downtime of an analyser
which can be vastly different due to availability of spares, priority requirements for
maintenance, etc.). A more complex analyser system requiring 120 h work per year will have
an equivalency number of 2,0 and so on.

The number of hours a technician works per year, excluding overtime and allowing for leave,
national holidays, etc., should then be studied. In the UK, this works out at around 1 800 h per
year. On this basis, the number of equivalent analysers that a single technician can
comfortably maintain is therefore 1 800/60 which equals 30.

er and
Id then
or KPI

It is syggested that all sites in a company (or ideally an industry)
compafe maintenance times of all analysers and reach an average
reflect |the company (or ideally industry) operation and provide.a
compafisons.

An exgmple of a typical target EQAT number is betwee
presenf-day (1998) technology based on the equivalep
67 h ppr year attention with target availabilities of 9 rrTumber
will nepd to be reviewed, say, on a yearly basis, (as nhe 3 , ies, improved
system| designs, improved analyser reliability, et¢. wi i i effort.

oil indusfry with
tween 64 h and

5.5.3 In-house or contracted-out

Becauge of the complexities of analyse f ultiplicity of analyser technologies and
supplidrs, and in most cases the re full-time presence on site fo fulfil
maintepance functions it i own staff trained to understapd the
equipment and its relatively simple analysers requiring
rudimeptary maintena C i i umbers (for example, gas detectors, pxygen

analysers) that can justi g 1 _out. Depending on the analyser requirements
there will be a p > costs start to exceed in-house costs. In decidling on
the us¢ of contracte i he relative costs have to be considered as inflicated
in Figure 5.

10

QX Contracted Out Costs \
Cost
In-house Costs
Use Contracted Out
0

Simple Complex

Complexity
IEC 1688/05

Figure 5 — In-house and contracted-out costs
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It should be noted that, in considering the above, all costs need to be taken into account
including the use of site stores facilities, the use of site workshop facilities, site support
overheads, etc., which tend to be inclusive within in-house technician rates and maintenance
costs but not with contractor rates. Simple savings on man-hour rates or simplifying budgets
by fixed-price contracts may not be what they seem especially if the contracted-out work
involves the need for a site-based contract technician(s).

5.5.4 Off-site technical support requirement

The modern industrial analyser group finds its instrumentation responsibilities becoming more
complex as technology and economics results in on-line and at-line analysers becoming
hybrids_of what were essentially laboratory-based instruments only a few years ago. This and

the intfoduction of robotics and chemometrics may present little option” bu off-site
expertise, though a prudent grounding of at least one member of staff rTs]idered.
The regult from a management standpoint is a firm understanding of i ime/plant
cost rdtios which can be used to negotiate the external contract q these
analysers running, call-out times, Internet link troubleshooting, et

5.6

The pr ements
is bes these
practicg petition
betwee reating
an en use of
analysg

The Sgiko model for success

COMMITMENT = ABILIT ivation) * VECTOR (strategy, diregtion)

Formal analyser group structure

The elé¢ments of p\:st
® Mdanagement sys
i Supervisor authority level
® Adequate manning levels

® Performance monitoring

®* Analyser quality team

For angalyserttmanagement, the Seiko equation becomes

Succe$s. = Analyser Group Skills * Added Value Team * Management Systems

For each best practice, there needs to be a number of key success factors (KSF) assigned
and the benchmarking process given some scoring rules with each best practice weighted in
order of importance. For inter-site comparisons the scores and weightings should be
consistent. It is suggested that scoring and weighting factors be limited to two/three levels
each to simplify the process.

Scoring should be 0 for non-compliance, 1 for part compliance and 2 for compliance.
Weighting should be 1, 2 or 3 depending on importance with 3 for the most important practice.

A benchmarking score sheet with explanatory notes is suggested in Appendix 5.
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5.7 Annual analyser key performance indicator (KPI) review

To ensure that analyser performance requirements keep pace with process operational
requirements KPIs should be regularly reviewed via a formal procedure. Generally, they
should be performed for individual areas of the plant, depending on analyser population and
operational units, etc.

This would normally be one function of the analyser quality team discussed in 5.3. Attendees
(positions and titles will vary with each organization) should be comprised of

Attendees
Operational management Operators and panel man
Maintenance/Analyser technicians Specialists/Supervision

The KRI Review agenda suggested is as follows.

Agenda

a) Reyiew the previous meetings next steps Op fion management
Only appropriate after initial meeting

b) Reyiew the individual analysers criticality All
This is where the process or users. revie
the| attendees to see if the critical i
negd. The attendees are such that

c) Presentation of monitofing. data Technician

This where the majntenance‘technicis
to the meeting explaini

woirk. This i rt
allgws effort,

As
allgcate next gteps

Operation Management

e) Benchmarking All

Theg data collated can generally be compared with other areas of
the same site or other companies. Questions may be raised and
differences discussed.

6 Analyser performance monitoring

6.1 Introduction

In order to assess the true value of on-line analysers and to ensure that analyser performance
on one site can be easily compared to performance on another site, it is necessary to have a
common approach to performance measures which can be identified as KPI.

The accepted criteria for performance measurement is the availability of the analyser. This
figure can then be used to assess benefits put at risk by analyser downtime and to justify
additional overheads necessary to maintain the target availability to maximize the benefits.
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Availability and potential benefit risk are inextricably interwoven, but there is a flaw in direct
use of the availability figure traditionally based on actual analyser uptime for this purpose. A
third component in the equation is needed and that is the utilization factor. It is no use having
an analyser fully operational and returning measurements within accepted uncertainty limits if
it is not actually used, i.e. if ignored by the operator who then relies on manual sampling and
analysis, or if the control scheme analyser input is put on manual.

Analyser reliability data such as MTBF and MTTR are not themselves a direct measure of
availability. These are different functions to availability as they are independent of plant
running times or routine maintenance functions. However, analyser reliability does contribute
towards overall availability measurement.

can be
d other

benefit that

A congistent approach to measurement of availability, utilization and
achieved from analysers is essential in benchmarking analyser performa

perforn easure
major { sed
6.2

To eng ningful
data fo ploy.

wO
w1

x0 ine

x1

y0
y1

code categories cover reliability centred maintgnance
.2) of reactive, preventative, predictive, and predictive

These
conceq
mainte

These S wthen be subdivided into cause and component codes.

Cause | history codes”aid in identifying failure trends which can then be addressed under
categofy<{z where improvements and/or development work can be undertaken to illnprove
ana|yser rnlinhilii‘y

Component history codes aid in identifying poor reliability items, and such data can be used in
optimizing spares holdings, decisions on looking at alternative suppliers and areas where the
analyser performance can benefit from redundancy considerations.

6.2.1 Typical failure pattern
Definitions:

Failure When a piece of equipment is unable to perform its required duty
Breakdown When a piece of equipment becomes inoperative
Repair When a piece of equipment is restored back to its required duty

Re-work Premature failure following a repair
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A basic understanding of the failure curve is required to be able to adopt a maintenance
strategy for the equipment.

A traditional failure curve is as shown. It will run at its required duty for a scheduled period
(this may be shorter if the equipment is operating above design). It will then begin to lose
performance at the point of fail and then decline at a rate to the point of breakdown. For
further details, refer to Weibull analysis (IEC 61649) and power law (IEC 61710).

The times will vary immensely, i.e. the point of failure to actual breakdown (period of fail)
could be a matter of seconds in a light source but could be a considerable number of weeks
for a gas detector.

This lejngth of fail is an important guide to the strategy required, i.e. if(the periodvof fail is
short, 8 run-to-fail (reactive maintenance) strategy may be practical e conseguences of
failure pre not significant or there is redundancy in the system.

It may|be pointless checking extensively early during the scheduted\|i B time-
based [strategy to a point where it is longer than the period of\fai i i hat the
equipment could fail in between the time-based checks eff: i i rt.

Ideally] the checks are best set to look for the point o ' on the

schedyled life (planned or preventive maintenance i ; ategy), and, around that
point, begin to monitor more regularly for the pg [ found, monitor (predictive
or condlition-based maintenance — a conditior-base . e results of the monitoring
will dicfate the time to repair to prevent\a breakc allow for planned work to occlr.

Another maintenance tool is proactive i ‘ g sources of potential breakdgwn are
identified and circumvented-by re-desig entwith improved hardware, awarepess of

and adpption of better technolog

This "igeal" is essenti ed and
blendef to form

Figure (6 shows the ) p to be
important This can\ be mi for a

particular type of

Period of fail

AN

Q%ﬁ W Point of Failure Breakdown
Seheduled Life
Nre the failure) Y.

v
Required
D ‘ Breakdown or
" Predictive \ corrective
Maintenance

Condition Based :
Failure based (after the failure)

Time IEC 1689/05

Figure 6 — Life-cycle diagram
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6.3 SPC/proof-checking
6.3.1 Analyser control charting

Analyser calibration can be verified through either paired sampling methods using laboratory
analysis of samples or use of pre-analysed and/or certified samples. Regular monitoring
(verification checks) of the analyser against a reference provides a powerful tool for predictive
maintenance and performance enhancement of on-line analysers.

The main problem with on-line analysis is that the uncertainty associated with the reference
measurement or sample is usually at best of the same order of magnitude or worse than the
analyser/system repeatability, and the only true way to monitor analyser performance is

througlrstatisticatamatysis; e_emptoymg controt chartmg procedures——

The cdntrol chart is the application of SPC as applied to process i mploys a
graphigal display of the deviation figure in relation to the aim line((the d) and
the wafning and control limits.

The ain of SPC is to allow for these minor deviations arotnd ‘the.aim\ti without
changihg the calibration, i.e. span and zero settings of 3 3 i these

adjustments, any deviation causes, i.e. reference ations,
temperature, pressure, etc., are not amplified and no

It is ugual to set two control chart lim in i 2 . idance in
setting|these limits is covered in 6.3.2

The lower limit is the warning limit and/in gene - iation i i is limif, itis a
prompt i hecks.
Also an increase in verifica

The upper limit is the % : , il is an
indication of possi and a re-calibration may be required, subject to
investigation, to aplish i » exists and where it resides.

Only ojper a num can a pattern of results be obtained which will indicgte any

biases i ' | scatter of results that will be inevitable due|to the
test/anplyser ingj

X +ve Control Limit
" X X +ve Warning Limit
X —_—— X X X
Error X X X x X
Analyser X X .
/ Y X X X Aim Line
minus . —_—
Laboratory Time
X X
-ve Warning Limit
-ve Control Limit
Zero Bias Positive Bias Drift

IEC 1690/05

Figure 7 — Control charting diagram

Where bias is encountered, this should remain the same unless drift is indicated. The control-
chart zero-error axis can then be re-defined, or analyser output given an appropriate offset to
account for the bias, and no further actions need be taken as long as the results agree within
the control-chart limits.

Examples of the interpretation of control chart readings are shown in Appendix 3.
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A variant of the simple control charting is a statistical method based on cumulative
calculations of errors. The technique is known as CUSUM and requires two independent
measurements of the same sample repeated over a period of time but not necessarily on a
regular basis. This is satisfied in the case of on-line analysers since routine samples are
collected with analyser readings recorded at time of collection for later comparison to the
laboratory analysis of those samples.

CUSUM is defined as the cumulative sum of the differences between the laboratory and the
analyser results. The difference is then added to a running total, i.e.

CUSUM(n) = CUSUM(n - 1)+ [L(n)- A(n)]

where
n is the current time paired value;
L is the laboratory result;

A is the analyser result;

CUSUM is the cumulative sum.

Result$ are plotted as shown in Figure 8.

CUSUM

” N
}f sk %k sk %k
RN spect Laboratory Result
Analyser Reading High Analyser Reading Low

Y

TIME

IEC 1691/05

Figure 8 —- CUSUM diagram
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The horizontal axis is related to time in that the results are plotted in chronological order.
However, the interval between the samples is plotted as a constant irrespective of what the
actual time interval is. The slope of the plot is the average bias between the analyser and the
laboratory.

Interpretation of the plot is based on the following.

— The slope is the bias (+ve or —ve).
— A horizontal plot indicates zero bias.
— A vertical discontinuity, but same slope either side, indicates a suspect laboratory result.

— Scatter of points about the mean lines indicates the uncertainty of analyser/laboratory
comparisons

Contro|s using CUSUM would include the maximum change in slope issible and

what td do if the limits are exceeded.

Contro ble, PI,
which

6.3.2

Any wg ealistic
assess onding
laboratory test. Realistic uncertaintie ) ¢ simple control chart and
acceptpble scatter on the CUSUM ch 3 T e reference uncertainty and
analység i q e root-sum-square methpd.
The warni imi , i 1S, gqual to 2 standard deviationg which
are equivalent to uncertaintie C onf| ce limits, i.e. only one deviatioh in 20

is expgcted to fall outside

For pajred samplexmet \ st uncertainty (95 % confidence) can be tgken as
the reproducibil@ £ analysed samples the reference uncertainty fan be
taken ps the laborato ; and for certified samples the reference uncertainty
should THe relevant reference uncertainty added by thie root-
sum-sd epeatability (sensor plus signal handling) to the final
measuf ) : rator/control system gives a control-chart warning limit) inside
of whig vetification should agree with the reference.

The co i ' ormally set, in statistical terms, equal to 3 standard deviationg which
are eqpi ertainties with 99 % confidence limits, i.e. only one deviation in| 100 is
expected to fall outside the control limit under normal circumstances. These limits can|be set

from the warning-limit values multiplied by 1,5.

Typical examples of analyser calibration uncertainty derivations which can be used for setting
control-chart limits are shown in Appendix 3.

Once the initial settings of the control limits have been determined, verification checks will be
required to establish whether the analyser is within limits (or in control). The frequency of
ongoing planned maintenance checks should then be decided by interpretation of the results.

In the absence of reliable uncertainty data for the analyser and reference method, the warning
and control limits can be set as a good starting point at 6 % and 8 % of analyser full-scale
deflection respectively, allowing immediate monitoring of analyser performance. Alternatively,
the standard deviation and hence chart limits can be determined in operations by initially
calibrating the analyser and then performing a minimum of 8 verification checks without
further calibration adjustments, noting the data each time on the control chart.
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When 8 or more checks have been completed, the calculation of standard deviation can be
performed and hence the warning and control limits can be derived. An example of calculation
is shown in Appendix 3. It must be noted, however, that these techniques for initial limit
setting are very approximate and will need to be revised as experience of the analyser
performance is gained. Limit settings should be reviewed after 20 or more data points are
obtained (i.e. the minimum for the standard deviation calculations to be statistically
significant).

6.4 Analyser performance indicators

6.4.1 Key performance indicators

Analysgr—avaitabitity =T e anatyser is_deemedavaitapbte whenm it 15 0
deliver[ng a process measurement within defined uncertainty limits an
that mg¢asurement. This is a measure of maintenance effectiveness

TOCESS, Jample,
is defmand for

Analyser availability (%) = Analyser uptime during process run ti

Analyspr utilization — The analyser is deemed utilized wh [ ition of
analyser availability and used by the operator in the cohtro

Analyser utilisation (%) = Time used by the ope tor/glymg\an

7 . 100
Analyser u e during'pracess rurrtime
Analysgr benefit — The analyser only a enNt is being used as intended. This value
can bel measured by defining an analyser if.facton This is the product of the apalyser
availahjility and analyser %
) Time usedb during analyser uptime
Analyser benefit/ (%) = x100
y 3 orocess run time
Equiva ici index (EQAT) — A measure of maintenancg staff

produc

Cost ¢
mainta|ni

(CEQA) — A measure of the overall normalized ¢ost of

Total analyser repair costs in last 12 months

Average number of equivalent analysers in last 12 months

Repair costs include all direct costs associated with performing analyser repairs. This
includes total labour and material costs. Cost should be reported in both local currency and
converted to US dollars.

Manual validations per equivalent analyser (MV/EQA) — A measure of expended effort for key
analyser activity.

Total number of manual validations in last 12 months
MV/EQA =  -—---- ---
Average number of equivalent analysers in last 12 months
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The total number of validations includes scheduled as well as unplanned validations carried
out.

% scheduled manual validations — Compared to total number of manual validations performed
— A measure of key analyser activity planning effectiveness.

Total number of scheduled manual validations

SCh.V/TOt.V = mm e x 100
Total number of manual validations performed

6.4.2 —Additiomatamatyserperformance-indicators

Mean fime between repair (MTBR) — A measure of reliability, PM ctivenessand work
activity] level.
Total number of equivalent analy x\12
MTBR(months) =

Mean tjme between failure (MTBF) — A measure of t

Total number of equiv,
MTBF(months) = l\eTéQ

me.

A failute repair is defined as any work feq clean,
repair lor replace compon i dations
where pnly a calibration adj

Mean tjme to repair (M

MTTR(mo;

In \r‘é failure repairs in last 12 months

% sch o.total work — A measure of PM effectiveness.

Total number of scheduled interventions
in last 12 months
-—- x 100
Total number of all interventions
in last 12 months

An intervention is a repair, a successful or unsuccessful validation or PM action where no
repair was made.

% validations in control compared to total number of validations — A measure of effectiveness
of the frequency of validations.

Total number of successful validations

% validations in last 12 months
Wwithin control = e x 100
limits Total number of all validations

in last 12 Months
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% scheduled work completed on time compared to total scheduled work — A measure of
effectiveness of completing the PM programme.

Total number of planned PM

% scheduled actions completed on time in last 12 months
work completed = ceemmme e x100
on time Total number of planned PM

actions in last 12 months

% root cause indicator — A measure of "bad actors" and identification of areas for
improvement.

Totatmumberof repairsattributedtospevcific
% root cause root cause category in last 12 months

indicator for S e e e R R R R R R x 100
each category Total number of repairs in last 12 months \/

The spgcific root cause categories are defined as follows.

— Prdcess utilities Lack of or incorrect n
— Degign fault Manufacturing fadlt

— Acdeptable/Expected wear Unknown

6.4.3
The analyser availability figure is derived-f

a) Analyser uptime

Analyser uptime is mea sample
within fhe accepted limits L asurement. This time needs to be measured

only ddring the r<>
Routing calibration” ¢ Hations
which fake the a s is in

effect putting befefit\a ) during
the pelfiod the analyserx is i

In the|ca nowing
exactly ¢ pbsence
of methods ate the
onset pf the-a uptime

should|be taken fronr'the beginning of the last successful calibration check.

The issue of caftbration fafture and defegatton of downtime associated with thts fatiure is not
unique. Obviously, taking the full calibration interval as downtime is likely to overestimate
downtime and reflect badly and unfairly on performance. The calibration interval approach can
be improved slightly by taking half the period which will reflect statistically the average effect
(assuming a normal distribution of calibration drift). These methods are very sensitive to
calibration interval and when deciding on calibration frequency, the risk of a large reduction in
measured availability needs to be balanced against loss in availability due to the calibrations
themselves. The best solution, however, is to try to pin-point the actual time the analyser
goes out of calibration as near as possible. This can be achieved via control-charting
techniques which require regular laboratory sample checking and also operator proactive
participation in observing process trends vis-a-vis analyser readings to assess whether
analysers become suspect. Catastrophic failures can easily be identified by operator
observation but the more subtle failure mode of slow drift is not so easily detectable. Control-
charting techniques combined with a simple linear interpretation between the last good
calibration result and the confirmed out-of-calibration result provides a workable solution.
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An example is shown in Figure 9.
Out of Calibration (Analyser Unavailable)
T — * Upper
Error . — Limit

In Calibration (Analyser Available)

In the

starting
analys
analys
agains

When
analys

Routin
cleanin
will aff
not re-
restore
availab
replacq

calibrati

replacq

Plant 1
during

| |
< Calibration >
Interval

Interpreted Time of

EC 1692/05

ken as
hat the
if the
count

ce the

p/Planned maintenance ealibration checking) on the analyser — for

g or compone € \f that requires the analyser to be taken off line —
bCt uptim ' : i cemed down at the start of this work; uptime will
start until the y ed a calibration check and/or the plant sample is

ud€é calibration checks that verify that the analyser is

vork /may have affected calibration, for example, detector
etc. Note that not all routine maintenance will necesgitate a

Hanges,

e(is important to record for the calculation of analyser availability as it|is only

he plant that benefits are put at risk from the analyser failing. T

run-ti

e can’ be measured by monitoring plant operating indicators such as product

stream| flow associated with the particular analyser. Plant downtime can and should

e plant
low or

e used

as an opportunity to carry out analyser maintenance as this will improve availability.

If the analyser is tied into a process information system which is configured to monitor for
operator flags and self-diagnostic flags from the analyser/sample system/validation systems,
the above time can be automatically derived with automatic generation of availability data.

6.4.4

Utilisat

Points to consider in measurement of operator utilization

ion depends on

a) the use made of the analyser measurements to control the plant — open-loop schemes;

b) the

analyser control loop being closed — closed-loop schemes;

¢) manual sampling and analysis requests at normal levels.
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The utilization factor will not reflect analyser maintenance or routine checking times and will
be a measure of whether analyser results are actually being used when the analyser is
available.

Closed-loop schemes should be relatively easy to monitor with indication of control loop
status.

Open-loop schemes are more difficult. This can be monitored by either gaining operator
confidence in the on-line analysis and getting prompt initiation of fault flags when the analyser
result is suspect (preferred method), or by attempting to correlate plant control adjustments to
analyser output or to laboratory sample result reporting and detecting increase in manual
sampling requests

Other assessments can be made by daily routine contact with plant opérators e’analyser
groups|to discuss problems/status of analysers.

Note t i ilabili i i p ehod of
determ|i ) 3 y ken off
control gen the
susped roblem
shall bg

a) assi

b) assi

If a prq ime will
start a f valid
measuf e time
from th ons by
restorgtion of automatic

6.4.5

The benefit the emand
time (f sed for
procesp

Benefit emand.
Thus, figure

6.4.6 Proposed method for deriving availability, utilization and benefit measurgment

Figure |10/depicts the way that all three measurements of availability, utilization and [benefit
can bh ach:cucﬂ_ Thao |r\ﬂ|r\ annbind ~an ha nla ntad thrayi~ah anpial cvuctame hatt dea”y

TTCTogrcappnctU—oarr ot ||||P|u|||u||u.;u ooyt aRdat Ty otCTIToIouUt;

it should be automated via the use of plant DCS systems and plant information systems (for
example, PI).
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Availability Logic

Gate
Operator Flag 4Do- Total
Analyser diagnostics —— g analyser
Sample flow > Analyser uptime uptime
timer
Sample stream selected ——1_pp- & (A)
Maintenance switch selected _Do_ Add if
Good value Validation / Flag
P | analyser
timer
@w, limits, steady signal etc. I f checks OK
| Total plant
Plant Demand r e P
; run timer
(B)

correlation etc.

Validation requested —L— Total benefit

Automatic control timer

Statistics / inference —_— (C)

Operator flag g::

Plant movement / analyser

movement correlations etc. . . .
Utilisation Logic

Gate

IEC 1693/05

Fi i t|®an benefit measurement

[la)

ure 10 — Proposed method of availabili

sey/ availability and thosel which

The approach is to allocate inputs ass
directly affect utilization. From these, can be measured and by feeding back
gic, the analyser benefit time [can be

uptime| measurement status output into the—utilization ,
measufed. Note that the opr S fe i ilabili ilizati
that validation is also fed i vailab ate by way of the sample stream sglection

status [i.e. it is implicit tha idation.wi take thé analyser stream off line). This approach
simpliffes the way in ilizati i y issues associated with validation/operator
querieg on anal ¢ i ; ed. Measurement of the process uptim¢g (plant
demanf time) i@ ptime€ and benefit time values to calculate the three
requirgd measurenie

The p
addres

atiols or operator queries on analyser performange are
function which, depending on the final outcome of the apalyser

perforn ¢ final availability measure. In the case of an automatic
validat Q) Qgic can be used to detect pass/fail status and update the apalyser
availability~ti as-appropriate. In the case of the operator flag, provision may be negded to
manua 3vai ab|I|ty timer as appropriate when resetting the operator-initiaged flag
status. his function should only be effective during process uptime (plant demand
time).

6.4.7 Optimizing analyser performance targets

The above measurements serve to indicate the performance being achieved by the analysers
but does not address the problem of what is the best target value to aim for. Too high an
availability target could result in excessive maintenance effort to achieve the desired result
whilst too low a target could result in benefit value being lower than necessary. Analyser
benefit indicator target value would demand 100 % in isolation but this is impractical for the
following reasons.

a) By their very nature of operation and complexity, analysers require regular calibration
checks (the best method being by injection of reference samples which take the analyser
off line), and they must inevitably break down from time to time making process results
unavailable till repaired (both these effects can be removed if duplication is considered).
Therefore, for non-duplicated analysers, these factors preclude any possibility of 100 %
availability and in effect define the maximum possible availability.
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b) Increase in availability follows the law of diminishing returns, and there must be a point
where the incremental cost of increased maintenance effort starts exceeding the
incremental benefits to process that can be achieved.

To optimize analyser performance targets there needs to be a balance between analyser
maintenance costs and benefit to process. Utilization targets can be 100 % as this is a matter
of confidence in the analysers, and, in theory, any downtime of the analyser should be due to
genuine faults — this is dependent on the good education of operators and demonstration to
the operators of analyser reliability. Thus, the two main factors are essentially the analyser
availability and the perceived benefit of the analyser measurement to the process control
scheme.

AnalysEr availability relies on good mainienance, and, in turn, this mainie money.

In order to try to set realistic targets on performance, it is necessary to thod of

relating availability to maintenance effort. Such a model, which encompas thexbadic idea

that avpilability is sensitive to three main factors, is proposed below

a) Maximum possible availability, i.e. all analysers require & mini i cover
caliprations and inevitable downtime due to breakdown.

b) Overtime cover, i.e. normal working days only cover ns can
ocqur any time with a time penalty if immediate cove

c) An| exponential . means
avdilability will approach zero whilst no matte ility can
onl i i i s and
bre e to do
the|work).

Assesg hieved,

would | 1a|yser

concefdt can be used a ‘ g level

requirgments for maintenance. » 3 |t must dlso be

apprecjated that not all t i around

50 % of techmma@ me ing, paperwork, etc.

The suggested mode

a)

Percen e™m )x 100 @)

where

AMax is the maximum possible availability based on calibration frequencigs and

duration coconry r-nnhnnlnl ad maintananea in\:nl\nnn thao nnnluonr beln
duration—necessary—routine/planned—maintenance—invelving—the—analys g

taken off line, and mean time between failures and mean working time to repair;

Aovertime I8 the effect of use of overtime for breakdown work on availability. Analyser faults
occurring out of normal working hours incur additional penalty either from having
to wait till normal hours for corrective action or, if overtime is agreed for call-outs,
additional hours lost in the man getting to site. The overtime factor will be affected
by analyser mean times between failures, mean working times to repair, normal
cover times, numbers of analysers and numbers of technicians;

m is the exponential index which covers the maintenance effort aspect which is
essentially related to the effect of under manning, training/experience, and
overtime for scheduled work.
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b) Maximum availability (Ap;zy)

Ayax depends on the MTBF, MWTR, Calibration time (C,), Calibration interval (C;), routine
maintenance time (RM;) and routine maintenance interval (RM;) as follows.

[ 365 xMWTR (hrs)) . [ 365 x Cy(hrs) | , ( 365 xRMy(hrs)
MTBF(days) Ci(days) RM;(days)
A =1- xR 2
Max Hoursina Year A (2)
The vgriable Ra will depend upon which basis the MWTR, MTBF, C es are
derived. If based on actual average figures for the group of analysers, _con emn dnt Rp =1

but if pased on values attributed to an equivalent analyser they atio of

equivalent analysers (Ngqa) to actual analysers(Napaiysers) -

c) Availability breakdown overtime factor (Agyertime)

availabjility because breakdowns during weekends/njghts™h
for attgntion. With no overtime and considering purely ra
proporfion of breakdowns out of hours will be

Hourg in year - Normal cover hours
Hours in year

Therefpre, extra yearly dow G 9 worked
(allowing for weekend ave iddle of
each olt of hours time) is as

(24 - yorkday x —

which ¢qua

365
MTBF

(9,4) X x 0,785 xRy, hours per analyser

Therefore, the maximum effect on availability will be the additional downtime per analyser as
a proportion of the total yearly hours which equals:

(9,14) x 365 0785 x—! xR (3)
MTBF 60

To counteract this effect on availability requires use of overtime and the theoretical maximum
overtime requirement will be:

365
MTBF

xMWTR x (proportion of out - of - hours breakdowns) xR
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which equals:

365
MTBF

xMWTR x0,785 xR hours per analyser

From the above, and knowing the number of analysers and technicians, the theoretical
maximum overtime required can be estimated and, depending on what proportion of overtime
between zero and the maximum required is employed, the effect of overtime on availability

can be

calculated and related to the overtime factor as follows:

. . I 365 MATRXO-785 Nanalysers =
) - A

Theore =
MTBF Nta
where | Nanalysers is the number of analysers;
Nta is the actual number of technicians employed.
Each t¢chnician’s normal working year is 1 880 h therefore
is:
N

365 |, MWTR x0,785 x Analvsers (4)
MTBF Nta
Using ¢quations (3) and (4) above will € ime tobe calculated from:
AOverti ne
where ed as a fraction, i.e. %/100
which for standa per year for technicians, a working day of 8 h and h
a year

OA xMTBF x NTA
AOverti - )
0,1524 xMWTR XN ppalysers XRa

The vafiable Ra will depend upon which basis MWTR and MTBF values are derived. If

overtime required

ours in

based

on actual average figures for the group of analysers concerned, then Ry = 1 but, if based on
the value attributed to an equivalent analyser, then Ra will be the ratio of the equivalent
analysers to actual analysers.

d)

Exponential index m

The exponential index is derived as follows:

m

Ny

where

= -1
N1 - (N7a x Skill factor x Overtime factor)

NT| is the ideal number of technicians required;
NTa  isthe actual number of technicians employed.
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This equation represents the degree of under-manning expressed in a way to produce a
number of between zero and infinity for m for manning levels varying from 100 % percentage
to 0 % of the ideal. This means a range of 0 to 1 for e™. For manning levels that exceed
100 % of the ideal, the value of m is limited to zero (negative values are not allowed). Note
that with this algorithm significant effect on availability only starts when manning drops to
below 90 % of the ideal, which is not unreasonable as the ideal number would be expected to
cope with such short falls of up to 10 % (for example, leave cover) in the short term. However,
this is not an indicator that manning level reduction to 90 % of the ideal can be justified as a
long-term measure because, in this case, leave and sickness is putting availability at much
higher risk (for example, a further 5 % reduction in manning (to 85 % ideal) will have an effect
of 0,3 % and 10 % reduction (to 80 % ideal) an effect of 1,8 %).

The skjll factor is an indicator of training/expertise of the technicians an 0to 1.
For a work force that is well trained and who all have at least 3 years eriencesthe number
1 is applicable. The number will reduce proportionally to level of experi imbers

The oVertime factor is an adjustment for overtime used to im mai rt over
and above that allowed for out-of-hours breakdowns, i.e. t \ dted for

general maintenance such as increasing cover a work
(calibrations, routine maintenance, etc.) is performed ing level
and is |entered into the equation as a factor greate oyertime

gives { factor of 1,2.

e) Ideal number of technicians (N

In ordgr to derive the ideal number of tec
conceft of equivalent analysers is used.

ed the procedure is simplified if the

The nUmber of equivalk i ised on gnalysis of all the site analyser installations
and its i il i

In sum individual parts of the installation (analyser, appl|cation,
sample 9 : éers of outputs) and allocates numbers rangirlg from
0,1top which are then added together to arrive at a figure for each
installgtion. i 3 er’ added up for the site and then this total is adjudted for
additio S intenance work (project work, commissioning, remedial work, etc.).
Correci 20SHli " negative depending on whether the additional aspe¢ts are
supplig 2 ty. The
points g apdard analyser equalling 1 and the number of these analysers which

can be

The nyniker of equwalent analysers (NEQA) requwes a number of analyser technician hours
per yeat toraintair—so—from—this—cambe—derived—the—ideatmumberoftechnicians n..C]UIred

(Ny).

6.4.8 Analyser maintenance cost against benefit

Having derived a formula for relating availability to maintenance effort, we are now in a
position to look at the effects of cost-of-manning levels against the benefit derived from
achieving analyser availability targets.

Overall cost of maintenance, whilst obviously of importance, is not an issue in optimizing
availability. Costs such as spares, fixed overheads, etc. have no impact on availability and the
cost of achieving desired changes in availability. It is the relationship between the cost of
increasing or decreasing present levels of availability through manning-level adjustments or
overtime adjustments against improvements in benefit that is of relevance in optimizing
availability.
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Knowing man-hour rates, overtime rates, and the benefit the analyser gives to the process in
monetary terms, a spreadsheet can be constructed to compare incremental cost to
incremental benefit and to look for the optimum availability. Ideal manning levels or increased
overtime may not necessarily be the most cost-effective solutions depending on the
incremental benefit derived and the best solution may be to set lower availability targets.

The above equations can be applied in the cost-benefit analysis to look at single analysers,
specific groups of analysers or the total analysers on site as long as the relevant data on
benefits, MTBFs and MWTRs are used specific to the groups considered. For groups of
analysers, the use of simple average figures is envisaged. If analysers are reduced to
equivalent analysers, care needs to be taken to use the MTBF and MWTR for the equivalent
analyser along with the ratio of numbers of equivalent analysers to actual analyser numbers.

Appendlix 6 shows an example derived from using the equations d i A7 with
typical|average analyser maintenance data and typical refinery a nefit to
operatipons of 12 cents in the barrel. Effects of overtime for breakd i shown
along i can be
seen t is not
necessarily cost-effective if applied to all analysers. Only, on ill the
overtime curves on benefit start to increase benefit — th i ent on
labour [costs and contribution of value by the analyser t6 the ;

6.5 Analyser performance reporting

A key ¢lement in gaining manageme rs is in
the way analyser performance and ben

Reportjng should emphasise the positive to the
plant gperation and profitability. i ime or
cost of|analyser failure give the

Monthly uptime calcula 5 if the
analyser log inc sibly a
bar chart above : ngly to
operators and tech

Seeing ed and
quells any dissati i ' yearly results when collated. Operations are often sufrprised
initially] a ‘ » uptime figures that occur from apparently “troublesome
installgtions ¢ v.quell uncalled-for dissent.

Local gistripbation~also highlights problem areas to the technicians to allow proactive strategies
to be chused earlier’in the year rather than as a result of a year end review.

An example of a way to present uptime data to an annual, or similar periodic, review meeting
is to compile the monthly information into a matrix (see Appendix 6 for an example). The
matrix offers an excellent overview of the year’s performance for the complete range of
analysers on a designated area.

If months of high uptime are left blank (typically > 99 %), it is easy to highlight key areas of
concern and effort to higher management.

The matrix is especially effective if presented with the monthly data in the document so as to
allow the highlighted problem areas to be referenced or “drilled down to* for a more complete
and detailed picture of the problem.
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The matrix allows further data to be ascertained from it by calculating average monthly
uptimes for groups or individual analysers etc. and, when allied to the number of monthly
breakdowns, shift calls, call-outs etc. (see Appendix 7 for an example), a complete overview
is possible.

When previous years’ data is available, the trends offer an insight into the general analyser
management performance, .e. getting better or worse.

If analyser effectiveness data is available as a result then this completes the contribution of
the analysers and may show areas for improvement or encourage further investment in
problem areas based on fact.

Conversely, as economics etc. changes, opportunities for mothballi ing non-
effectiye analysers may be highlighted, offering the chance to focus r e.

&



https://iecnorm.com/api/?name=133e3b39dbae68d44bc2b23478c4ea63

Manufacturing site/Business unit: Date

- 48 - TR 62010 © IEC:2005(E)

Appendix 1

STEP 1 - EQUIVALENT ANALYSER PER TECHNICIAN (EQAT)
CALCULATION METHODOLOGY

1) Deq
2) Par
3) Tec

4) Ver

5) Multicraft effort (permanent employ

—]

[-time on analysers (permanent employees)(s

Step 1 — Calculated technician number worksh

Cq

icated to analysers (permanent employees)

hnicians on contract

dor maintenance contracts (see note ™4

es) (see

otal calculated tecfinician Aumbe

mments

NOTE 1
discount

NOTE 2
will be i
persona

NOTE 3
NOTE 4

name(s)[in

NOTE 5
note the

type of worK in the.comments field.

Use deci . Do not
vacations.

nt which

cluded in thg equiv ifors, and

e vendor

intenance personnel who carry out analyser work (scheduled validations, ¢tc.) and
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Appendix 2

Step 2 - Equivalent analyser per technician (EQAT) -
Calculation methodology

Manufacturing site/Business unit:

Step 2 — Equivalent analyser inventory worksheet

Instrug¢tions

The eduivalent analyser (EQA) inventory worksheet should in
analysers. The EQA worksheet should not include portabf
monitofs, flame scanners, corrosion probes, and laborator
are regponsible for work carried out on equipment not inch
effort maintain this equipment should be discounted ymber of a
technidians calculation (refer to Step 1). The sité indi ‘ er tag listing
attached to this document can be used to facilita
EQA inventory worksheet.

lyser tech

Corredtion factors

switching valve,
compopent or p
equivalent anal
be added to the ha
equivalent analy \

)
2) Sum
3) Suma
4) Sum all additional components/properties being measured and multiply by 0,1.

EXAMRLE

stalled
safety
hicians

sheet then their

halyser
sheets

and completion of the

alysing

internal
an one
jlust the

should
e true

0,1.

Three applied automation chromatographs of which one analyses two streams (1 addi
one has two detectors (1 additional) and 3 internal switching valves (2 additiona
together they measure 7 components (4 additional):

Equivalent analysers (EQA) =3x15+1x0,5+1x0,5+2x0,1+4x0,1 =6,1

tional),
1), and
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