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ANALYSER SYSTEMS – MAINTENANCE MANAGEMENT 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r na tional  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

The main  task of I EC techn ica l  committees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose the  publ ication  of a  Techn ical  Report when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC TR 6201 0,  wh ich  i s  a  Techn ica l  Report,  has  been  prepared  by subcommittee  65B:  
Measurement and  con trol  devices,  of I EC techn ica l  comm ittee  65:  I ndustria l -process  
measurement,  control  and  au tomation .  

Th is  second  ed i tion  cancels  and  replaces  the  fi rst ed i ti on  publ ished  i n  2005,  Th is  ed i tion  
consti tu tes  a  techn ica l  revis ion .  

Th is  ed i ti on  includes  the  fol l owing  s i gn i fican t techn ica l  changes  wi th  respect to  the  previous  
ed i tion :  

a)  add i ti on  of data,  examples  and  clari fications.  

EEMUA Publ ication  1 87:  201 3  – Analyser systems: A  guide to maintenance management,  has  
served  as  a  bas is  for the  e laboration  of th is  Techn ical  Report,  wi th  the  perm iss ion  of the  
Eng ineering  and  Equ ipment Users  Association .  
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The  text of th is  Techn ica l  Report i s  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

65B/990/DTR 65B/1 063/RVC  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  Techn ica l  Report can  be  found  i n  the  
report on  voti ng  ind icated  i n  the  above table.  

Th is  document has  been  d rafted  i n  accordance  wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp : //webstore. iec.ch"  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo  on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore  print  th is  document using  a  
colour printer.  

 

International  Electrotechnical  Commission

 



I EC TR 6201 0: 201 6    I EC  201 6  – 7  – 

INTRODUCTION  

This  document covers  best practices  for the  main tenance of on -l i ne  anal ysers.  Anal ysers  are  
used  i n  i ndustry to  measure  variables  wh ich  s ign i ficantl y contribute  to  safety,  envi ronmental ,  
asset protection  and  profi t  maxim isation .  

Main tenance organ isation ,  priori tis i ng  of main tenance effort,  main tenance  methods,  correct 
resourcing ,  performance  mon i toring  and  reporti ng  a l l  p l ay an  importan t ro le  i n  successfu l  
appl ication  of on- l i ne  anal ysers.  

The  u l timate  effecti veness  of the  con tribu ti on  of on- l i ne  anal ysers  i s  measured  by the  abi l i ty to  
perform  thei r functional  requ i rements  upon  demand .  Th is  document g i ves  gu idance  on  
performance target setti ng ,  s trateg ies  to  improve re l i abi l i ty,  methods  to  measure  effective  
performance,  and  the  organ isations,  resources  and  systems  that  need  to  be  i n  p l ace  to  a l low 
th is  to  occur.  

The  various  subj ects  covered  in  th is  document are  d iscrete  i tems  and  can  appear unrelated  i n  
the  overal l  scheme of anal yser main tenance procedures  and  strateg ies.  The  fo l lowing  fl ow 
path  i n  F igure  1  ti es  the  clauses  together i n  a  l og ical  sequence  of approach.  

 

Figure 1  – Flow path  detai l ing  in terrelationsh ips   
of subject matter in  IEC  TR 6201 0  

This  document provides  a  mechan ism  by wh ich  the  cri tical i ty of an  anal yser can  be  
determ ined  by means  of a  risk assessment.  The  ri sk assessment i s  based  on  cons ideration  of 
the  consequence of the  l oss  of the  anal ys is  to  the  operation  of a  process  un i t,  or group  of 
process  un i ts ,  personnel /p lan t safety and  the  environment.  

Determ ination  of a  cri tica l i ty rati ng  for the  anal yser a l lows  target values  for re l iabi l i ty to  be  set  
for each  cri tica l i ty classi fication  and  priori ti sation  for main tenance  and  support.  Such  
approaches  are  covered  i n  C lause  4.  

IEC

Establ ishing  analyser 

cri tical i ty  

Clause 4

Define maintenance 

strategy  

Clause 5  

Clause 6

Monitoring of analyser 

performance using defined  
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Subclauses 

5. 5,  
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Review cri tical i ty and  

maintenance strategy with  

operations/customers  
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A numbers  s trategy des igned  to  a l low the  target re l iabi l i ties  ca lcu lated  by the  risk 
assessments  to  be  met are  defined  i n  C lause  5.  

F i nal l y,  mechan isms  for tracking  anal yser performance and  quan ti fying  the  performance as  
mean ingfu l  measures  are  presented  i n  C lause  6 .  
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ANALYSER SYSTEMS – MAINTENANCE MANAGEMENT 
 
 
 

1  Scope 

1 . 1  Purpose  

This  document i s  wri tten  wi th  the  in ten tion  of provid ing  an  understand ing  of anal yser 
maintenance princip les  and  approaches.  I t  i s  des igned  as  a  reference sou rce  for i nd ividuals  
closel y i nvolved  wi th  main tenance  of anal ytical  i nstrumentation ,  and  provides  gu idance on  
performance  target setti ng ,  s trateg ies  to  improve re l i abi l i ty,  methods  to  measure  effective  
performance,  and  the  organ isations,  resources  and  systems that  need  to  be  i n  p lace  to  a l low 
th is  to  occur.  

Effecti ve  management of on- l ine  anal ysers  i s  on l y poss ib le  when  key cri teria  have  been  
i denti fied  and  tools  for measuring  these  cri teri a  establ ished .  

On- l ine  anal ysers  are  used  in  i ndustry for the  fol lowing  reasons:  

•  Safety and  environmental .  One  category of on- l i ne  anal yser i s  those  used  to  control  and  
mon i tor safety and  environmental  systems.  The  key measured  parameter for th is  category 
of anal yser is  on- l i ne  time.  Th is  i s  essentia l l y s impler to  measure  than  an  anal yser’s  
con tribu tion  to  profi ts  bu t as  wi th  process  anal ysers  appl i ed  for profi t  maxim isation ,  the  
con tribu tion  wi l l  be  dependent upon  ab i l i ty to  perform  i ts  functional  requ irements  on  
demand .  

•  Asset protection  and  profi t  maximisation .  On- l ine  anal ysers  fa l l i ng  i n to  th is  category 
are  normal l y those  impacting  d i rectl y on  process  control .  They can  impact d i rectl y on  
protection  of assets  (e . g .  corros ion ,  catal yst con tam ination)  or product qual i ty,  or can  be  
used  to  optim ise  the  operation  of the  process  (e. g .  energy efficiency).  For th is  category of 
anal ysers,  the  key measured  parameter is  e i ther the  cost of damage to  p lan t or the  d i rect 
effect on  overal l  profi t  of the  process  un i t.  J usti fication  as  to  whether an  anal yser i s  
i nsta l l ed  on  the  process  can  be  sought by quan ti fying  the  payback time  of the  anal yser,  
the  pass/fai l  target typical l y being  1 8  months .  The  con tribu tion  of the  anal yser to  reduction  
i n  extent of damage to,  or the  profi t  of,  the  process  un i t,  i s  d i fficu l t to  measure.  However,  
th is  contribu tion  wi l l  be  dependen t upon  the  anal yser’s  abi l i ty to  perform  i ts  functional  
requ i rements  upon  demand .  

Th is  document focuses  on  the  cost/benefi ts  associated  wi th  trad i tional  anal yser maintenance  
organ isations.  Due  to  the  complexi ty of modern  anal ysers ,  support can  be  requ i red  from  
laboratory or product qual i ty specia l is ts,  for example  for chemometric models,  who can  work 
for other parts  of the  organ isation .  I nclus ion  of the ir costs  i n  the  overal l  main tenance  cost i s  
therefore  important.  

1 .2  Questions  to  be  addressed  

When  considering  on- l i ne  anal yser systems and  thei r main tenance,  the  fol lowing  key poin ts  
l i st  i s  usefu l  i n  help ing  decide  where  gaps  exist  in  the  maintenance s trategy.  

•  What is  the  uptime of each  cri tical  analyser?  Do  you  measure  uptime  and  main tain  
records?  Do  you  know the  value  provided  by each  anal yser and  therefore  wh ich  ones  are  
cri tical?  Do  you  meet regu larl y wi th  operations  ( ‘ the  customer’ )  to  review priori ties?  

•  What i s  the  value  del ivered  by each  analyser i n  terms  of process  performance 
improvement ( i .e.  improved  yield  values,  improved  qual i ty,  improved  manufacturing  
cycle  time and /or process  cycle  time,  process  safety (e.g .  i n terlocks) ,  envi ronmental  
importance)?  I s  th is  i n formation  read i l y avai lab le  and  agreed  to  in  meetings  wi th  
operations?  I s  the  va lue  updated  period ica l l y?  
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•  What i s  the  u ti l isation  of each  cri tical  analyser?  That i s ,  i f the  anal yser is  used  i n  a  
con trol  loop,  what percen tage  of the  time i s  the  l oop  on  manual  due  to  questions  about the  
anal yser data?  Do you  keep  records  on  the  amoun t of time  that anal yser l oops  are  i n  
au tomatic?  Do you  meet regu larl y wi th  operations  to  review the  operator’s  views  about the  
p laus ib i l i ty of the  anal yser data?  

•  Do you  have a  regu lar preventive maintenance programme set up  for each  analyser 
which  includes  regu lar cal ibrations?  Does  the  ca l ibration/val idation  procedure  include  
statistical  process  control  (SPC)  concepts  – upper/lower l im i ts  and  measurement of 
anal yser variabi l i ty (or noise)?  I s  the  procedure  wel l  documented?  Do  you  conduct i t  
regu larl y,  even  when  th ings  are  runn ing  wel l ?  

•  Do you  have trained  personnel  (capable  of performing  al l  requ ired  procedures  and  
troubleshooting  the majori ty of analyser problems)  who are  assigned  responsibi l i ty 
for the  analysers?  Do  the  tra ined  personnel  understand  the  process?  Do they understand  
any l ab  measurements  wh ich  re late  to  the  anal yser resu l ts?  

•  Do the  trained  maintenance  personnel  have  access  to  h igher l evel  technical  support 
as  necessary for d i fficu l t  analyser and/or process  problems?  Do  they have  ready 
access  to  the  i nd ividual  who developed  the  appl ication?  Do they have  ready access  to  the 
vendor?  Can  h igher l evel  support personnel  connect remotel y to  the  anal yser to  observe  
and  troubleshoot?  

•  Do you  have a  maintenance record  keeping  systems,  which  documents  al l  activi ty 
involving  the analysers,  including  al l  cal ibration/val idation  records,  al l  repairs  
and/or ad justments?  

•  Do you  use  the  record  keeping  system  to  identi fy repeti tive  fai lu re  modes  and  to  
determine the root cause of fai lures?  Do  you  track the  average  time-to-repair anal yser 
problems?  Do you  track average  time-between-fai l u res  for each  anal yser?  

•  Do you  period ical ly review the analysers  wi th  h igher level  technical  resources  to  
identi fy opportun i ties  to  s ign ificantly improve performance by upgrad ing  the 
analyser system  wi th  improved  technology or a  s impler/more rel i able  approach?  

•  Do you  meet regu larly  wi th  operations  personnel  to  review analyser performance,  
update  priori ties,  and  understand  production  goals?  

•  Do you  have a  management framework that understands  the value of the  analysers  
and  are  committed  to  and  supportive  of rel i able  analysers?  

•  Do you  know how much  the maintenance programme costs  each  year and  i s  there  a  
sol id  justi fication  for i t?  

Consideration  of the  above  questions  wi l l  he lp  to  identi fy opportun i ties  for con tinuous l y 
improving  the  re l iabi l i ty of i nsta l l ed  process  analysers.  Once the  opportun i ti es  are  i denti fi ed  
the  fol l owing  clauses  are  i n tended  to  g i ve  gu idance i n  ach ieving  the  solu tions  wi th  the  a im  of:  

•  maxim ising  performance  and  benefi t  of i nsta l led  anal ysers ;  

•  ach ieving  fu l l  operator confidence i n  the  use  of on - l ine  anal ysers ;  

•  anal yser ou tpu t data  becom ing  rel iable  enough  to  be  used  by operators,  con trol  systems,  
and  other users ,  i n  order to  improve p lan t operation  versus  world  class  manufacturing  
metrics  to  become the  best process  anal ysers  possible .  

2  Normative references  

There  are  no  normative  references  i n  th is  document.  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i ti ons  apply.  
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ISO  and  I EC main ta in  term inolog ical  databases  for use  i n  standard ization  at the  fol lowing  
addresses:  

•  I EC  E lectroped ia:  avai lab le  at  h ttp : //www.electroped ia.org /  

•  I SO  On l ine  browsing  p latform :  avai lable  at h ttp: //www. iso. org/obp  

3. 1   
avai labi l i ty  
abi l i ty of an  i tem  to  be  i n  a  s tate  to  perform  a  requ i red  function  under g i ven  cond i tions  at a  
g i ven  i nstant of t ime or over a  g i ven  time in terval ,  assum ing  that the  requ ired  external  
resources  are  provided  

3.2   
catastroph ic fai lu re  
fai l ure  of a  component,  equ ipment or system  in  wh ich  i ts  particu lar performance  characteristic 
moves  completel y to  one  or the  other of the  extreme l im i ts  ou ts ide  the  normal  speci fication  
range  

3.3   
consequence  

measure  of the  expected  effects  of an  i nciden t ou tcome case  

3.4   
control  system  
system  wh ich  responds  to  i npu t s i gnals  from  the  process  and /or from  an  operator and  
generates  s ignals  causing  the  equ ipment under control  (EUC)  to  operate  i n  the  des i red  
manner 

3.5   
d iversi ty  

performance of the  same overal l  function  by a  number of i ndependent and  d i fferen t means  

3.6   
error 
d iscrepancy between  a  computed ,  observed  or measured  va lue  or cond i ti on  and  the  true,  
speci fied  or theoretical l y correct  value  or cond i ti on  

[SOURCE:  I EC 60050-1 92: 201 5,  1 92-03-02,  mod i fied  — the  notes  have  been  deleted ]  

3.7   
fai lu re  

term ination  of the  ab i l i ty of an  i tem  to  perform  a  requ ired  function  

[SOURCE:  I EC 60050-603: 1 986,  603-05-06]  

3.8   
fau l t  
state  of an  i tem  characterized  by the  i nabi l i ty to  perform  a  requ i red  function ,  exclud ing  the  
i nabi l i ty during  preven tive  main tenance or other p lanned  actions,  or due  to  lack of external  
resources  

3.9   
design  fau l t  

fau l t  i n  the  des ign  caused  by a  m istake  i n  the  des ign  phase  of a  system  

Note  1  to  en try:  A des ign  fau l t  causes  an  error,  remain i ng  undetected  i n  a  part  of the  system  un ti l  speci fi c 
cond i ti ons  affecti ng  that  part  of the  system  are  such  that  the  produced  resu l t  does  not  conform  to  the  i n tended  
function .  Th i s  resu l ts  i n  a  fa i l u re  of that  part  of the  system .  I f the  cond i ti ons  appear again ,  the  same resu l ts  wi l l  be  
produced .  
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3. 1 0   
undetected  fau l t  
fau l t  wh ich  is  not detected  by a  d iagnostic  check  

3. 1 1   
mistake  
human  error 

human  action  that produces  an  un in tended  resu l t  

3. 1 2   
fai led  state  

cond i ti on  of a  component,  equ ipment or system  during  the  time i t  i s  subject to  a  fa i lu re  

3. 1 3   
fau l t  tree  analysis  
anal ys is  to  determ ine  wh ich  fau l t modes  of the  sub- i tems  or external  events,  or combinations  
thereof,  may resu l t  i n  a  s tated  fau l t mode  of the  i tem ,  presented  i n  the  form  of a  fau l t  tree  

3. 1 4   
functional  safety 
abi l i ty of a  safety re lated  system  to  carry ou t the  actions  necessary to  ach ieve  a  safe  state  for 
the  EUC or to  main tain  the  safe  state  for the  EUC  

3. 1 5   
hazard  

physical  s i tuation  wi th  a  poten tia l  for human  i n j ury 

3. 1 6   
maintainabi l i ty 
abi l i ty of an  i tem  under g i ven  cond i tions  of use  to  be  reta ined  in  or restored  to  a  state  i n  wh ich  
i t  can  perform  a  requ ired  function ,  when  main tenance is  performed  under g i ven  cond i tions  
and  us ing  stated  procedures  and  resources  

[SOURCE:  I EC 60050-1 92: 201 5,  1 92-01 -27,  mod i fied ]  

3. 1 7   
mean  time  between  fai lures  
MTBF 

expectation  of the  duration  of the  operating  time between  fa i l u res  

[SOURCE:  I EC 60050-1 92: 201 5,  1 92-05-1 3,  mod i fied  — "operating"  i s  om i tted  from  the  
defin i tion  and  the  note  has  been  de leted ]  

3. 1 8   
mean  time  to  fai lure  
MTTF 
expectation  of the  operating  time to  fa i lu re  

[SOURCE:  I EC 60050-1 92: 201 5,  1 92-05-1 1 ,  mod i fied  — "operating"  i s  om i tted  from  the  
defin i tion  and  the  notes  have  been  deleted ]  

3. 1 9   
mean  time  to  restoration  
MTTR 
expectation  of the  time to  restoration  

[SOURCE:  I EC 60050-1 92: 201 5,  1 92-07-23,  mod i fied  — the  note  has  beend  deleted ]  
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3.20   
proof testing  
method  of ensuring  that a  component,  equ ipment or system  possesses  a l l  the  requ ired  
performance  characteristics  and  is  capable  of respond ing  i n  the  manner des i red  

3.21   
random  hardware  fai lu re  
fai l ure  occurring  at a  random  time,  wh ich  resu l ts  from  one  or more  of the  possib le  degradation  
mechan isms i n  the  hardware  

Note  1  to  en try:  There  are  many deg radati on  mechan i sms  occurri ng  at  d i fferent  rates  i n  d i fferent  components,  
and ,  s i nce  manufacturi ng  to lerances  cause  components  to  fai l  d ue  to  these  mechan i sms  after d i fferent  t imes  i n  
operati on ,  fa i l u res  of equ ipment compris i ng  many componen ts  occur at  pred ictabl e  rates  bu t  at  unpred ictable  ( i . e.  
random)  times.  

Note  2  to  en try:  A major d i sti ngu ish ing  feature  between  random  hardware  fai l u res  and  sys tematic  fa i l u res,  i s  that  
system  fa i l u re  rates  (or other appropri ate  measures),  ari s i ng  from  random  hardware  fa i l u res,  can  be  pred icted  wi th  
reasonable  accu racy bu t  systemati c  fa i l u res,  by thei r very nature  cannot be  pred icted .  That  i s ,  system  fai l u re  
ari s i ng  from  random  hardware  fa i l u re  rates  can  be  q uan ti fi ed  wi th  reasonable  accuracy bu t  those  ari s i ng  from  
systematic  fai l u re  cannot be  accuratel y quanti fi ed  because  even ts  l ead ing  to  them  cannot  easi l y be  pred icted .  

3.22   
redundancy 

i n  an  i tem ,  the  existence  of more  than  one  means  for perform ing  a  requ ired  function  

[SOURCE:  I EC 60050-351 : 201 3,  351 -42-28,  mod i fied  — the  notes  have  been  deleted ]  

3.23   
rel iabi l i ty  
abi l i ty of an  i tem  to  perform  a  requ i red  function  under g iven  cond i ti ons  for a  g i ven  time  
i n terval  

[SOURCE:  I EC 60050-395: 201 4,  395-07-1 31 ,  mod i fied  — the  notes  have  been  de leted ]  

3.24  
ri sk 

probable  rate  of occurrence of a  hazard  caus ing  harm  and  the  degree  of severi ty of harm  

Note  1  to  en try:  The  concept  of ri sk a lways  has  two  e lements :  the  frequency or probabi l i ty at  wh ich  a  hazard  
occurs  and  the  consequences  of the  hazard  event.  

3.25   
safety 

freedom  from  unacceptable  risk of harm  

3.26   
safety in tegri ty 
SI  
probabi l i ty of a  safety re lated  system  satisfactori l y perform ing  the  requ i red  safety functions  
under a l l  the  stated  cond i ti ons  wi th in  a  stated  period  of t ime  

3.27   
safety in tegri ty l evel  
SIL  
one of four poss ib le  d iscrete  levels  for speci fyi ng  the  safety i n tegri ty requ i rements  of the  
safety functi ons  to  be  a l l ocated  to  the  safety re lated  systems  

Note  1  to  en try:  S I L  4  has  the  h i ghest l evel  of safety i n tegri ty;  S I L  1  has  the  l owest.  
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3.28   
safety-related  system  
system  that:  

•  implements  the  requ ired  safety functions  to  ach ieve  a  safe  state  for the  EUC or to  
main tain  a  safe  state  for the  EUC;  

•  i s  i n tended  to  ach ieve,  on  i ts  own ,  or wi th  other safety-re lated  systems,  the  necessary 
l evel  of i n tegri ty for the  implementation  of the  requ ired  safety functions  

3.29   
safety-related  control  system  
system  wh ich  carries  ou t acti ve  con trol  of the  EUC and  wh ich  has  the  poten tia l ,  i f not i n  
accordance  wi th  i ts  design  i n tent,  to  en ter an  unsafe  state  

3.30   
safety-related  protection  system  
SRPS  
system  des igned  to  respond  to  cond i ti ons  on  the  EUC,  wh ich  may a lso  be  hazardous,  or i f no  
action  was  taken ,  cou ld  g ive  rise  to  hazardous  even ts,  and  to  generate  the  correct ou tputs  to  
m i ti gate  the  hazardous  consequences  or preven t the  hazardous  events  

3.31   
safety requ irements  specification  
speci fication  that con tains  a l l  the  requ irements  of the  safety functions  that have  to  be  
performed  by the  safety-re lated  systems 

Note  1  to  en try:  The  speci fi cation  i s  d i vi ded  i n to:  

•  safety functions  requ i rement speci fi cation ;  

•  safety i n teg ri ty requ i rement speci fi cation .  

3.32   
software  
i n te l l ectual  creation  compris ing  the  programmes,  procedures,  ru les  and  any associated  
documentation  perta in ing  to  the  operation  of a  data  process ing  system  

3.33   
system  

set of componen ts  wh ich  i n teract accord ing  to  a  design  

Note  1  to  en try:  A componen t may be  another system  (a  subsystem).  Such  components  (subsystems)  may be,  
depend ing  on  the  l evel :  

•  a  con trol l i n g  or control l er system ,  

•  hardware,  software,  human  i n teraction .  

3.34  
systematic  fai lure  
fai l ure  related  i n  a  determ in istic  way to  a  certa in  cause,  wh ich  can  on l y be  e l im inated  by a  
mod i fication  of the  design  or of the  manufacturing  process,  operational  procedures,  
documentation  or other re levant  factors  

[SOURCE:  I EC 60050-395: 201 4,  395-07-1 33]  

3.35   
system  l i fe  cycle  
activi ti es  occurring  during  a  period  of time  that s tarts  when  a  system  is  conceived  and  ends  
when  the  system  is  no  l onger avai lable  
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3.36   
top  event 
unwanted  even t or inciden t at the  ’ top’  of a  fau l t  tree  that i s  traced  downward  to  more  basic 
fai l u res  us ing  l og ic  gates  to  determ ine  i ts  causes  and  l i kel ihood  

3.37   
val idation  
confi rmation  by exam ination  and  provis ion  of objective  evidence that the  particu lar 
requ irements  for a  speci fi c i n tended  use  are  fu l fi l l ed  

3.38   
veri fication  
confi rmation  by exam ination  and  provis ion  of objecti ve  evidence  that the  speci fi ed  
requ i rements  have  been  fu l fi l l ed  

4 Classifying  analysers  using  a  risk based  approach  

4.1  General  

Defin ing  on- l i ne  anal ysers  as  being  re lated  to  the  functional  categories  of safety,  
environmenta l ,  asset protection  or profi t  maxim isation  necessi tates  that the  capabi l i ty exists  
to  determ ine  the  requ i red  priori ty for performance target setti ng  and  main tenance d i rection  of 
each  i nstrument by designed  functional  category.  Th is  can  be  ach ieved  us ing  a  risk graph ,  
whereby the  target category rating  of an  anal yser i s  ca lcu lated  based  upon  the  requ ired  risk 
factor.  The  hazard  rate  of the  event the  anal yser i s  d esigned  to  protect against (the  so  ca l led  
top  even t)  and  the  consequence  of the  top  even t shou ld  be  known .  

The  method  takes  the  princip le  and  general  format of the  risk graph  approach  for 
I EC 61 508-5  [2 ] 1 .  However,  as  th is  document i s  a imed  at anal yser main tenance priori ti es ,  i t  
shou ld  be  noted  that:  

•  where  anal ysers  are  part of a  safety system  i t  i s  not an  a l ternative  approach  to  
determ in ing  safety i n tegri ty l evels  (SI Ls)  and  where  S I Ls  demand  certain  proof checking  
periods,  dupl ication  of anal ysers  etc. ,  these  wi l l  take  precedence;  

•  the  ranking  system  adopted  i s  i n  l i ne  wi th  accepted  anal yser main tenance practice,  i . e.  
h ighest priori ty i s  ’ 1 ’  and  l owest  priori ty i s  ‘3 ’ .  

_________ 

1  Numbers  i n  square  brackets  refer to  the  B i b l i ography.  
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Figure 2  – General ized  risk g raph  

Using  the  general i zed  risk graph  shown  i n  F igure  2 ,  each  des ign  functional  category i s  
cons idered  in  turn .  The  risk g raph  for each  analyser function  shou ld  be  ’ cal ibrated ’ .  Th is  i s  
best ach ieved  by defin ing  the  consequences  for fa i l u res,  then  evaluating  a  number of 
scenarios.  The  exercise  wi l l  establ ish  i f the  ou tcome in  terms  of ri sk reduction  i s  appropriate  
to  the  appl ications.  

At the  s tarting  poin t of working  through  the  risk graph  towards  priori ty setting  i t  i s  n ecessary 
to  establ ish  the  i n i tia l  e l ement wh ich  is  the  risk parameter (R),  i . e .  the  main  area  of impact 
associated  wi th  anal yser fai l u re,  for example  p lan t damage,  l oss  of profi t,  envi ronmental  
damage,  and  serious  i n j ury/loss  of l i fe .  The  second  e lement i s  appl ied  on  j udgements  of 
importance  of the  analyser i n  keeping  the  p lan t runn ing  and  i s  termed  the  exposure  
parameter (E) ,  for example  h igh  risk of immed iate/short term  damage,  p lan t con trol  scheme 
abi l i ty to  function ,  envi ronmental  consen t l im i tations ,  area  sens i ti vi ty,  or frequency of 
exposure  of personnel  to  hazard .  The  th i rd  e lement i s  the  in tervention  parameter ( I ) ,  wh ich  i s  
an  assessment of whether operator i n tervention  can  m i ti gate  the  impact of the  fa i lu re  or not.  
The  graph  then  l eads  to  the  priori ti sation  box wh ich  g i ves  priori ty choice  based  on  the  process  
demand  parameter (PD),  i . e.  the  l ikel i hood  of the  process  requ i ri ng  the  measurement when  a  
fai l u re  occurs.  The  fol lowing  Table  1  summarises  a  typica l  appl ication  of e lements  i n  the  risk 
graph  and  explanatory notes  are  g iven  in  4 . 1 ,  4 . 2 ,  4 . 3  and  4. 4.  

IEC  

R = Risk parameter 
E  = Exposure parameter 
I  =  Intervention parameter 
PD = Process demand parameter 

a = Special  maintenance consideration  
1 ,  2,  3 = Priority level  
B  = No particular priority requirement  

3  b  b  

2  3  b  

1  2  3  

a  1  2  

a  a  1  

PD1  PD2  PD3  

I 1  
I2  

I 1  
I2  

I 1  
I2  

I 1  
I2  

E1  
E2  

E1  
E2  

E1  
E2  

R1  

R2  

R3  

Starting point 
for priority 
assessment 
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Table  1  – Typical  appl ication  of elements  in  the  risk graph  

 Safety Envi ronmental  Asset protection  Profi t maximisation  

R
1
 Mu l ti pl e  fata l i ti es  on  or 

off s i te  
Release  causi ng  
permanent damage  or 
major cl ean -up  costs  

Damage  wi th  major 
rep lacement  costs  

Production  profi t  marg i ns  
h i gh  

R
2
 Fatal i ty on  or off s i te,  

i n j u ry (resu l ti ng  i n  
hospi ta l i sati on  to  a  
member of the  publ i c  or 
s taff)  

Release  causi ng  
temporary damage  
requ i ri ng  s i gn i fi can t 
cl ean -up  

Damage  wi th  moderate  
replacement  costs  

Production  profi t  marg i ns  
med ium  

R
3
 M i nor i n j u ry wi th  l ost  time 

impact 
Release  wi th  m inor 
damage  wh ich  shou ld  be  
recorded ,  or fa i l u re  to  
record  cri ti cal  data  

Damage  wi th  m inor 
replacement  costs  or no  
damage  

Production  profi t  marg i ns  
l ow 

E
1
 Frequency of exposure  to  

the  hazard  i s  more  
frequent to  permanent  

Consent restri cti ons  and  
/  or sens i ti ve  area  

H igh  ri sk of immed iate  /  
short  term  damage  

Control  scheme  cannot  
functi on  

E
2
 Frequency of exposure  to  

hazard  i s  rare  to  more  
often  

No  consent  restri cti ons  
and  /  or non-sens i ti ve  
area  

Low ri sk of immed iate  /  
short  term  damage  

Control  scheme  can  
functi on  i n  short  term  

I
1
 Un l i kel y that  operator action  wi l l  prevent or m i ti gate  ci rcumstances  

I
2
 Possib le  for operator to  take  action  to  prevent  i nciden t or to  s i gn i fi can tl y reduce  consequences  where  

there  i s  su ffi cien t  time  and  su i tabl e  faci l i t i es  avai l abl e  

PD
1
 Demand  i s  frequent  

PD
2
 Demand  occu rs  on  an  average  basis  

PD
3
 Demand  occu rs  very rarel y  

 

4.2  Safety protection  

I EC 61 508  (a l l  parts) [1 ]  defines  the  requ irements  for devices  in  a l l  safety re lated  systems.  
Al though  th is  document i s  a imed  at anal yser main tenance priori ties,  any safety-re lated  
anal ysers  shou ld  have  the ir main tenance and  testi ng  requ i rements  determ ined  us ing  
I EC 61 508  (a l l  parts) .  

The  fol lowing  shou ld  be  noted  when  cons idering  the  use  of anal yti ca l  i nstrumentation  as  
measuring  e lements  for safety-re lated  systems.  

The  mean  time between  fa i l u res  of anal ytical  i nstrumentation  i s  l ower than  standard  
i nstrumentation  used  i n  safety-re lated  systems (pressure,  temperature  and  fl ow 
measurements) .  Th is  i s  especial l y true  of complex anal ysers  such  as  spectrometers  and  gas  
chromatographs.  

Shou ld  anal ytical  i nstrumentation  be  u ti l i sed  i n  safety-related  systems,  duplex and  triplex 
sensors,  and  frequent proof checking  wou ld  rou ti nel y be  requ i red  to  ach ieve  the  necessary 
on- l i ne  times.  These  shou ld  be  determ ined  in  accordance wi th  procedures  and  ru les  l a id  down  
i n  I EC 61 508  (a l l  parts) .  The  above  risk graph  usage  i n  th is  document i s  i n tended  as  a  gu ide  
on l y to  setti ng  main tenance priori ty and  is  not i n tended  as  an  a l ternative  rou te  to  defin ing  
safety i n tegri ty l evels  (SI Ls).  

4.3  Envi ronmental  protection  

The measurement of variables  that impact d i rectl y on  the  environment are  an  i ncreas ing l y 
important function  of on- l i ne  anal yti cal  instrumentation .  Data  produced  by environmental  
anal ysers  may requ i re  subm ission  to  governmenta l  bod ies  concerned  wi th  l egal  and  
procedural  aspects  of envi ronmental  mon i toring .  
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There  i s  s i gn i ficant d iversi ty i n  the  nature  of the  techn iques.  Trad i ti onal  appl ications  and  
methods  are  con tinuous  a i r mon i toring  (CAM)  and  ven t em ission  mon i toring  by gas  
chromatography or e lectrochem ical  sensors,  organ ics  in  aqueous  effluent by tota l  carbon  (TC)  
and  tota l  oxygen  demand  (TOD),  and  acid i ty/bas ici ty of aqueous  effl uen t by e lectrochem ical  
pH  sensor.  These  are  supplemented  by more  modern  techn iques  such  as  a i r qua l i ty 
mon i toring  by open  path  spectrometry and  e lemental  anal ys is  by X-ray fluorescence.  

Fai lu re  of the  anal yser to  perform  i ts  speci fi ed  function  may l ead  to  consequences  R 1 ,  R2 ,  or 
R3  d epicted  i n  Table  1 .  I t  shou ld  be  noted  that envi ronmenta l  anal ysers  are  often  used  to  
record  data  bu t examples  whereby anal yser fa i l u re  d i rectl y l eads  to  consequentia l  damage 
are  far fewer.  

An  R1  consequence wou ld  be  i l l ustrated  by the  fa i l u re  of a  CAM  system  in terlocked  to  process  
valves,  the  overal l  function  of wh ich  wou ld  be  to  detect em ission  of chem icals  and  actuate  the  
valves  in  order to  con tain  the  bu lk  of the  process  i nven tory.  

An  instance  of an  R2  consequence wou ld  typ ical l y be  the  resu l t of a  fa i l u re  of an  organ ics  i n  
aqueous  effluen t mon i tor to  detect a  h igh  level ,  thus  neg lecti ng  to  d ivert the  ou t of 
speci fication  effl uent  for further treatment before  re lease  to  the  surround ing  envi ronment.  

Typica l l y,  an  R3  consequence wou ld  be  an  oxygen  analyser fa i lu re  on  a  burner,  l ead ing  to  
em ission  of partl y combusted  fuel ;  or the  fa i lu re  of a  ven t gas  composi ti on  anal yser,  wi th  
fai l u re  to  record  envi ronmenta l l y cri tical  d ata.  

The  second  e lement of Table  1  requ i res  a  determ ination  to  be  made  on  the  environmental  
status  of the  affected  area.  

Class i fication  of an  area  as  E2  wou ld  requ i re  the  probabi l i ty of caus ing  harm  to  popu lations  i n  
the  affected  area  to  be  l ow.  The  potentia l  to  cause  pol i tical  as  wel l  as  phys ical  damage shou ld  
be  assessed .  Shou ld  i t  be  cons idered  that the  consequence of anal yser fai l u re  has  the  
poten tia l  to  s i gn i fican tl y affect popu lations  i n  the  affected  area,  that area  shou ld  be  classed  as  
E1 .  Al ternativel y,  i f envi ronmenta l  consent l im i ts  are  imposed  by the  au thori ties ,  th is  wi l l  
determ ine  whether route  E 1  or E2  shou ld  prevai l .  

The  th i rd  e lement requests  a  determ ination  as  to  the  l i kel i hood  of an  operator m i tigating  the  
consequences  of anal yser fa i lu re.  The  probabi l i ty of operator in tervention  depends  on  the  
nature  of the  operator’s  i n tervention  wi th  the  process.  Where  the  operator i s  requ ired  to  
d i rectl y carry ou t  actions  as  a  consequence  of the  anal yser’s  resu l ts,  there  wi l l  be  a  h i gh  
probabi l i ty of pos i ti ve  i n terven tion .  Au tomated  systems,  whereby the  operator has  no  d i rect  
i nvolvement i n  implementing  process  ad j ustment due  to  the  measured  variable,  are  more  
prone  to  unrevealed  fa i l u re.  Anal yser fa i l u re  d iagnostics  and  the  faci l i ty g i ven  to  the  operator 
to  m i tigate  the  consequences  of the  fai l u re  by manual  i n tervention ,  for example  grab  sampl ing  
and  l aboratory anal ys is,  shou ld  be  cons idered  when  selecti ng  I 1  or I 2 .  

The  final  e l ement of the  risk graph  is  a  determ ination  of how often  a  demand  i s  p l aced  by the  
process  upon  the  anal yser.  

Process  demands  on  the  anal yser are  broad l y cl assed  as  i n frequent,  average  and  frequent.  
Categorisation  of process  demand  is  primari l y the  responsibi l i ty of the  process  eng ineer,  and  
not the  anal yser/instrument eng ineer.  

Some examples  of process  demand  and  frequency categorisation  are  detai l ed  as  fo l lows:  

•  PD 1 ,  a  frequent demand  can  typical l y be  cons idered  to  be  one  s i gn i ficantl y exceed ing  the  
s i ng le  annual  demand  defined  i n  PD2 .  The  demand  on  e i ther of the  examples  ci ted  i n  R3  
are  almost perpetual  ( the  need  to  record  environmenta l l y cri tical  data  is  cons idered  to  
p lace  a  continuous  demand  on  the  process) .  
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•  PD2 ,  an  average  demand ,  can  typica l l y be  cons idered  to  be  a  s i ng le  demand  placed  upon  
a  system  on  an  annual  bas is .  An  example  wou ld  be  a  h i gh  organ ic  con tent i n  aqueous  
effluent occurring  on  an  annual  basis  (see  consequence  R2 ,  fa i l u re  of an  organ ics  i n  
aqueous  effl uen t mon i tor to  detect a  h igh  l evel ,  thus  neg lecting  to  d i vert the  ou t of 
speci fication  effl uent  for further treatment before  re lease  to  the  surround ing  envi ronment).  

•  PD3 ,  an  i n frequent even t,  can  typica l l y be  i l l ustrated  by the  demand  rate  p laced  upon  a  
CAM  system  such  as  the  one  described  in  R1  (a  CAM  system  in terlocked  to  process  
valves,  the  overal l  function  of wh ich  wou ld  be  to  detect em iss ion  of chem icals  and  actuate  
the  va lves  i n  order to  con tain  the  bu lk  of the  process  i nven tory) .  Such  systems  are  
des igned  to  detect em iss ion  of a  l arge  mass  of ai rborne  process  materia l ;  an  even t wh ich  
good  process  design  shou ld  ensure  is  i n frequent.  

4.4 Asset protection  

Protection  of assets  is  a  need  wh ich  can  be  provided  in  many i nstances  by use  of on- l i ne  
anal ysers.  Examples  include  oxygen  analysers  for the  mon i toring  of i nerti ng  systems,  
conductivi ty anal ysers  for mon i toring  the  m inera l  content of condensed  steam  for turbine  
safety and  moisture  analysers  for mon i toring  water l evel  i n  feed  stocks  or pH  measurement 
for corros ion  reduction .  

The  i n i tia l  e lemen t of the  risk graph  requ ires  an  estimate  of the  impact of the  fa i lu re  of the  
anal yser.  The  consequences  of the  loss  of i n tegri ty of the  asset  protection  anal yser are  
general l y of a  more  catastroph ic nature  and  may have  safety and  environmenta l  impl ications  
as  wel l .  For example,  fa i l u re  of an  oxygen  analyser on  an  i nerting  system  may cause  an  
explos ion  lead ing  to  widespread  damage  to  a  process  p lan t (as  wel l  as  caus ing  i n ju ry to  
personnel  and  the  publ ic,  and  l oss  of con tainment) .  

The  second  e lement of the  graph  requ i res  a  j udgement on  the  l i kel i hood  of to lerance of the  
p lant to  the  onset of the  damage mechan ism  i f ana l yser fa i l u re  occurs .  Determ ination  of 
damage  risk shou ld  be  determ ined  by process  dynam ics  or p l an t des ign  (e. g .  corros ion  
a l l owances).  I n  the  example  of an  oxygen  anal yser mon i toring  an  i nerti ng  system ,  any oxygen  
i ngress  may be  potentia l l y rapid  risking  an  immed iate  danger (h igh  risk rou te  on  the  graph)  
wh i lst  on  the  other hand  the  space mon i tored  may be  under pressure  and  un l ikel y to  a l l ow 
oxygen  i ngress  un less  th is  pressure  fa l ls  a t  the  same time as  the  anal yser fai lu re.  Th is  case  
wou ld  al l ow other short  term  mon i toring  to  be  pu t  i n  p lace  ( l ow risk route  on  the  graph) .  

The  th i rd  e lement requests  a  determ ination  as  to  the  l i kel i hood  of an  operator m i ti gating  the  
consequences  of anal yser fa i lu re.  The  poss ib i l i ty of th is  happen ing  i s  strong l y dependen t on  
whether the  operator normal l y represents  a  human  element i n  a  system .  I n  the  example  of a  
fa i l u re  of an  oxygen  analyser mon i toring  an  i nerting  system  send ing  i ts  s ignal  to  an  
emergency shu tdown  system  (assum ing  that the  fai lu re  of the  anal yser i s  unrevealed) ,  the  
operator i s  un l ikel y to  detect the  anal yser fa i l u re,  and  thus  action  any corrective  measures.  

The  final  e l ement of the  risk graph  i s  a  determ ination  of how often  a  demand  is  p l aced  by the  
process  upon  the  anal yser.  Again  referring  to  the  example  of the  oxygen  anal yser,  assum ing  
that the  anal yser i s  mon i toring  an  i nerting  system ,  (and  is  not d i rectl y used  i n  control l ing  the  
l evel  of i nert gas),  the  demand  on  the  anal yser (as  a  sub-component of an  emergency 
shu tdown  system)  wou ld  be  expected  to  be  l ow.  Th is  assumption  can  be  j usti fied  by the  fact  
that under normal  cond i ti ons,  the  control  of the  fl ow of i nert gas  in to  the  process  i s  con trol l ed  
by s imple  devices  wi th  low fa i l u re  rates.  

4.5  Profi t  maximisation  

Uti l isation  of anal ysers  for maxim isation  of profi ts  i s  extremely common,  appl ications  being  
numerous  and  varied ,  for example  measurement of the  concentration  of the  product of a  
reactor us ing  in fra-red  spectrometry,  wi th  subsequent feedback control  of reactor feeds  to  
main tain  a  constant  concentration  in  the  product;  or control  of the  take-off at  the  top  of a  
d isti l lation  column  wi th  the  aim  of main tain ing  a  constan t concentration  at a  poin t wi th in  the  
column.  
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The  i n i ti a l  e l ement of the  graph  requ ires  an  estimate  as  to  the  l i kel y impact of anal yser fa i lu re.  
The  consequences  of the  loss  of i n tegri ty of an  anal yser associated  wi th  profi t  maxim isation  
wi l l  depend  on  the  s ize  of marg ins  being  derived  by the  extra  qual i ty con trol  g i ven  over the  
s imple  process  control  of temperatures,  pressures,  l evels  and  fl ows.  The  importance  of 
production  l osses  shou ld  be  determ ined  by company pol icy,  i . e.  the  graph  shou ld  be  
cal ibrated  on  a  process  by process  bas is .  

The  second  element of the  graph  requ i res  a  j udgement on  the  abi l i ty of a  con trol  scheme to  
to lerate  anal yser fa i l u re.  Anal ysers  normal l y trim  con trol  set poin ts  or optim isation  models.  
More  complex d ynam ic matrix control  schemes  may be  unable  to  function  at a l l  wi thout a l l  
i nputs .  Analyser fa i lu re  can  lead  to  loss  of the  whole  au tomatic control  scheme.  

The  th i rd  e lement requests  a  determ ination  as  to  the  l ikel i hood  of an  operator m i ti gating  the  
consequences  of anal yser fa i lu re.  The  possib i l i ty of th is  happen ing  i s  strong l y dependent on  
whether the  operator normal l y represen ts  a  human  e lement i n  a  system .  

Consider an  anal yser on  a  d isti l l ation  column,  the  resu l ts  of wh ich  are  used  for au tomatic  
con trol  of the  take-off at  the  top  of a  d isti l l ation  column.  By control l i ng  the  take-off rate,  a  
constan t concentration  of the  anal yser of in terest  can  be  main tained  at the  sample  poin t on  
the  column.  Shou ld  the  operator be  a lerted  to  the  fa i l u re  of the  anal yser,  for example  by a  
grab  sample  anal ysed  i n  the  QA l aboratory,  a  reg ime  of grab  samples  can  be  i nsti gated ,  the  
resu l ts  of wh ich  can  be  used  for process  con trol .  The  scenario  is  especia l l y true  of systems  
where  equ i l ibria  change very s lowly.  

The  final  e l ement of the  risk graph  is  a  determ ination  of how often  a  demand  i s  p laced  by the  
process  upon  the  anal yser.  

The  d isti l l ation  anal yser example  can  be  considered  as  a  case  where  the  process  p laces  a  
constan t ( i . e.  frequent)  demand  upon  the  anal yser.  An  oxygen  anal yser used  on l y during  a  
process  regeneration  cycle  carried  ou t on l y a  few times  a  year cou ld  be  p laced  i n  the  ‘demand  
occurs  on  an  average  basis ’  bracket.  

4.6  Performance  target  

The risk graph  anal ys is  provides  a  method  to  cl assi fy anal ysers  i n to  category l evels  based  on  
the ir appl ication  and  importance  to  the  appl ication .  Category l evels  enable  the  setti ng  of 
real istic targets  for process  on- l i ne  anal ysers  (avai lab i l i ty and  u ti l i sation)  and  i t  a lso  provides  
a  basis  upon  wh ich  to  priori ti se  support effort for rou tine  maintenance and  breakdown  repair.  
Th is  effectivel y helps  to  maxim ise  anal yser added  va lue  against support effort avai l ab le .  I t  
may be  necessary to  use  mu l ti p le  anal ysers  to  reach  the  requ i red  performance  target.  

Depend ing  on  requ i rements  wi th in  each  functional  category of the  anal ysers ,  avai labi l i ty 
targets  can  be  set against the  categorisation  numbers  derived  by the  method  outl i ned  i n  4 . 3,  
4 . 4  and  4. 5.  Th is  i s  typical ,  based  on  i ndustry wide  experience;  and  examples  fol low i n  
Table  2 .  

Table  2  – Best  practice avai labi l i ty targets  

Avai labi l i ty target  
%  

Category rati ng  Safety Envi ronmental  Asset Profi t  

1  98  97  96  97  

2  96  95  92  92  

3  92  92  90  85  

NOTE  The  ava i l abi l i ty targets  are  not  ca l cu l ated  d i rectl y from  the  ri sk analys i s ,  bu t  are  quoted  on  what i s  
considered  to  be  best  i ndustry practi ce.  
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4.7  Maintenance  priori ty  

For maintenance purposes,  i t  i s  necessary to  set proof check frequencies  wh ich  al l ow the  
performance targets  i n  4 . 6  to  be  met.  Th is  i s  ach ieved  by considering  the  mean  time to  fa i l u re  
and  mean  time between  fai l u res  of the  anal yser.  For an  anal yti ca l  i nstrument wi th  known  
MTTF and  MTBF,  the  proof check frequencies  wi l l  need  to  be  more  frequent to  ach ieve  the  
h igher rel iabi l i ties  quoted  for Category 1  anal ysers .  When  considering  proof check 
frequencies,  the  fau l t d iagnostic tools  avai l ab le  on  the  anal yser shou ld  a lso  be  taken  i n to  
account.  These  can  be  used  to  warn  the  user of anal yser fai l u re,  or i deal l y to  a lert the  owner 
of impend ing  fa i l u re.  Th is  can  be  taken  i n to  accoun t when  calcu lati ng  the  anal yser’s  
downtime.  

4.8  Support priori ty  

For support purposes,  i t  i s  necessary to  d i fferentiate  between  the  anal yser categories  to  avoid  
confl ict of priori ty,  for example  wh ich  shou ld  be  g iven  priori ty;  asset protection ,  profi t  
maxim isation ,  envi ronmental  or safety and  i f breakdowns  occur i n  the  same category,  wh ich  
takes  precedence?  Calcu lation  of a  category rating  via  a  risk-based  approach  a l l ows  
maintenance priori ties  to  be  set i n  a  stra igh t forward  manner us ing  the  fol l owing  ru les:  

•  H i ghest main tenance priori ty i s  g iven  to  the  h i ghest category anal ysers,  for example  
Category 1  wi l l  have  priori ty over Category 2 .  

•  Where  two Category 1  anal ysers  requ ire  maintenance support,  the  order of importance  
shal l  be  determ ined  i n  the  functional  category order 

1 .  Safety,  2 .  Envi ronmental ,  3 .  Asset  protection ,  4 .  Profi t  maxim isation .  

I f a  priori ty rati ng  greater than  1 ,  i . e .  an  ‘a ’  on  the  risk graph  i n  4 . 1 ,  i s  found  then  the  risk is  
too  h igh  for a  so lu tion  wi th  a  s ing le  anal yser and  redundancy techn iques  are  requ i red .  
However these  anal ysers  wou ld  for main tenance purposes  be  Category 1  priori ty.  

5 Maintenance strategies  

5.1  General  

A key a im  for any anal yser main tenance function  i s  to  improve anal yser system  rel i ab i l i ty and  
try to  avert fa i l u re  and  i f fa i l u re  does  occur,  to  m in im ise  the  impact of any fa i lu re.  The  
mechan ism  i nvolved  to  meet these  a ims  is  a  combination  of many facets  and  functions  wi th in  
an  anal yser support organ isation .  

Important parameters  i n  ach ieving  the  above  aims  i nclude:  management systems  and  
organ isation ;  main tenance programmes;  techn ician  tra in ing  and  competency;  optim isation  of 
resources  through  match ing  techn ician  numbers  to  anal yser work load  and /or use  of in -house  
against con tracted  out main tenance;  anal yser mon i toring  us ing  statisti cal  control  tools ;  
optim is ing  maintenance strategy;  and  key performance  i nd icator setting  and  review.  

Knowing  where  a  main tenance organ isation  stands  i n  comparison  to  other s i tes  i s  a lso  a  
usefu l  i ncentive  for improvement.  Benchmarking  of best practices  i s  another usefu l  tool  that 
can  be  appl i ed .  

5.2  Rel iabi l i ty cen tred  main tenance  (RCM)  

5.2. 1  General  

RCM  is  an  on -going  process,  wh ich  determ ines  the  optimum  m ix of reactive,  preventive,  
cond i ti on  based  and  proactive  maintenance practices  i n  order to  provide  the  requ i red  
re l i abi l i ty at the  m in imum  cost,  as  shown  below.  The  pri ncipal  features  of each  strategy are  
shown  i n  thei r b lock.  These  main tenance strateg ies,  rather than  be ing  appl ied  i ndependentl y,  
are  i n tegrated  to  take  advan tage  of the ir respective  strengths  in  order to  optim ise  anal yser 
efficiency wi th in  g i ven  constrain ts.  
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5.2.2  Reactive maintenance  

Reactive  main tenance i s  a lso  referred  to  as  breakdown  main tenance,  repair,  fix when  fa i l  or 
run  to  fa i l u re  and  has  the  fol l owing  characteristics:  

•  Ma in tenance,  equ ipment repai r,  or replacement occurs  on l y when  the  deterioration  i n  an  
anal yser’s  cond i ti on  causes  a  functional  fa i lu re .  

•  Assumes  that fai l u re  is  equal l y l ikel y to  occur i n  any part,  component,  or system .  

•  The  assumption  precludes  i den ti fying  a  speci fic  group of repair parts  as  be ing  more  
necessary or desi rable  than  others .  

•  I f an  i tem  fa i ls  and  repai r parts  are  not avai l able,  de lays  ensue  wh i le  parts  are  obtained .  

•  I f certa in  parts  are  u rgen tl y needed  to  restore  a  cri tical  anal yser to  operation ,  a  prem ium  
for exped i ted  de l i very shou ld  be  paid .  

•  There  i s  no  ab i l i ty to  i n fluence when  the  fa i l u res  occur because  no  action  is  taken  to  
con trol  or prevent them .  

•  When  th is  i s  the  sole  type  of main tenance  practice,  there  are  a  h igh  percentage  of 
unplanned  main tenance acti vi ties,  h igh  replacement part i nven tories ,  and  i nefficien t use  of 
main tenance  effort.  

•  A purel y reactive  maintenance  programme i gnores  the  many opportun i ties  to  i n fl uence  
anal yser re l iabi l i ty.  

5.2.3  Preventative or planned  maintenance (PM)  

Preven tati ve  or p l anned  maintenance (PM)  cons ists  of regu larl y schedu led  i nspection ,  
ad j ustments,  cl ean ing ,  l ubrication ,  parts  replacement,  cal ibration ,  and  repair of components  
and  equ ipment and  has  the  fol lowing  characteristi cs:  

•  Referred  to  as  time-driven  or i n terval -based  main tenance.  

•  I t  i s  performed  wi thou t regard  to  equ ipment cond i ti on .  

•  Schedu les  period ic i nspection  and  main tenance at pre-determ ined  i n tervals  ( time,  
operati ng  hours ,  or cycles)  i n  an  attempt to  reduce anal yser fa i l u res.  

•  Depend ing  on  the  i n tervals  set,  PM  can  resu l t i n  a  s ign i fican t i ncrease  i n  i nspections  and  
rou tine  main tenance.  

•  I t  shou ld  a lso  reduce the  frequency and  seriousness  of unplanned  anal yser fai l u res  for 
components  wi th  defi ned ,  age  re lated  wear ou t patterns .  However replacement 
components  can  i n troduce an  add i tional  ri sk of fa i lu re  during  i n i ti a l  l i fe  of the  componen t 
(bath  tub  curve  effect  on  fai l u re  rates) .  

•  Trad i ti onal  PM  is  keyed  to  fa i l u re  rates  and  times  between  fa i lu res .  

•  I t  assumes  that these  variables  can  be  determ ined  statistical l y,  and  therefore  one  can  
replace  a  part  due  for fa i l u re  before  i t  fa i ls .  

•  Statis tical  fa i l u re  i n formation  l eads  to  fixed  schedu les  for the  overhau l  of anal ysers  or the  
replacements  of parts  subject to  wear.  

•  Fa i lu re  rate  or i ts  reciprocal ,  mean  time between  fa i l u res  (MTBF),  i s  often  used  as  a  gu ide  
to  establ ish ing  the  i n terval  at  wh ich  the  main tenance  task shou ld  be  performed .  

•  Weakness  i n  us ing  these  measurements  to  establ ish  task frequency i s  that fa i l u re  rate  
data  determ ines  on l y the  average  fa i l u re  rate.  

•  The  real i ty i s  that fa i l u res  are  equal l y l i kel y to  occur at  random  times  and  wi th  a  frequency 
unrelated  to  the  average  fai l u re  rate.  

•  Thus,  se lecting  a  speci fi c time to  conduct  period ic main tenance for a  componen t wi th  a  
random  fai l ure  i s  d i fficu l t at  best.  

•  PM  i s  not for random  fa i l ure  anal yser components .  
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5.2.4  Cond i tion  based  strategy 

Also known  as  pred icti ve  main tenance,  cond i tion  based  strategy uses  primari l y statis tica l  
process  con trol  (SPC)  cal ibration/val i dation  techn iques,  visual  i nspection ,  data  comparison  
and  trend  data  to  assess  analyser cond i tion  and  has  the  fo l l owing  characteristics :  

•  Replaces  arbi trari l y timed  maintenance  tasks  wi th  main tenance that i s  schedu led  on l y 
when  warranted  by the  anal yser’s  cond i tion .  

•  Conti nu ing  anal ys is  of anal yser cond i ti on  – mon i toring  data  a l lows  plann ing  and  
schedu l i ng  of main tenance or repairs  i n  advance  of breakdown .  

•  Cond i tion  based  data  col l ected  i s  used  in  one  of the  fol lowing  ways  to  determ ine  the  
cond i ti on  of the  anal yser and  i den ti fy the  precursors  of fa i l u re.  The  methods  i nclude:  

– tests  against  l im i ts  and  ranges  (SQC);  

– data  comparison ;  

– trend  analys is;  

– correlation  of mu l tip le  technolog ies  (expert system).  

5.2.5  Proactive  maintenance  

Proactive  maintenance employs  the  fol lowing  basic techn iques  to  extend  anal yser l i fe :  

•  fa i l ed  part anal ys is;  

•  root cause  fa i l u re  anal ys is;  

•  re l iabi l i ty eng ineering  (design  changes) ;  

•  obsolescence  management;  

•  fa i l u re  mode and  effects  (FMEA).  

Proactive  maintenance has  the  fol lowing  characteristics :  

•  us ing  feedback and  communications  to  ensure  that changes  i n  design  or procedures  are  
rapid l y made  avai lable  to  anal yser techn icians;  

•  employing  a  l i fe  cycle  view of main tenance and  supporti ng  functions ;  

•  employing  a  conti nuous  process  of improvement;  

•  optim is ing  and  ta i loring  maintenance techn iques  and  technolog ies  to  each  analyser 
appl ication ;  

•  u s ing  root cause  anal ys is  and  pred ictive  anal ys is  to  maxim ise  main tenance  effecti veness ;  

•  find  the  cause  of the  problem  qu ickl y,  efficien tl y and  econom ical l y;  

•  correct  the  root cause  of the  problem ,  not j ust  working  on  i ts  symptoms;  

•  provide  a  system  that wi l l  prevent the  problem  recurring ;  

•  a  proactive  maintenance programme is  the  keystone  of the  RCM  ph i losophy.  

5.2.6  Optimising  maintenance strategy 

With  reference to  the  concepts  of RCM  in troduced  in  5 . 2 . 1 ,  an  optimum  main tenance strategy 
can  be  adopted  commensurate  wi th  the  fai l u re  mode  pattern  shown  i n  F igure  3.  
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Figure 3  – Fai lure  mode  pattern  

The fol l owing  poin ts  correspond  to  the  four d isti nct time phases  i nd icated  i n  F igure  3:  

1 )  A thorough  da i l y i nspection  shou ld  be  made to  i den ti fy m inor problems  and  preven t them  
from  growing  in to  major ones.  These  dai l y i nspections  shal l  be  more  than  an  operator 
record ing  i nstrument read ings  a lone.  A tra ined ,  ded icated  crew that performs a  thorough  
visual  i nspection  wi l l  m in im ise  the  l ike l i hood  of m inor problems  developing  in to  major 
re l i abi l i ty i ssues.  

Add i ti onal l y,  m inor problems can  usual l y be  corrected  wi th  basic  tools  a l l owing  
maintenance activi ties  to  be  performed  as  part of the  i nspection  acti vi ti es.  When  m inor 
problems are  a l l owed  to  become re l i abi l i ty i ssues,  the  resu l t  i s  often  unacceptabl y h igh  i n  
the  form  of reduced  uptime,  productivi ty,  yie ld  and  qual i ty and  h i gher cost for main tenance 
i nclud ing  the  poss ib i l i ty of i ncreased  capi ta l  cost for replacements.  

The  dai l y checking  i s  main ta ined  for the  l i fe  of the  anal yser,  practical  experience  wi l l  a l low 
the  frequency to  change,  bu t  shou ld  be  reverted  to  i f there  is  a  personnel  change.  

2)  During  th is  period ,  stati stical  process  control  (SPC)  wi th  veri fication  checks  i s  used  to  
main tain  the  accuracy of the  anal yser.  The  frequency of checks  i s  d ictated  by the  control  
chart and  operator confidence  ( i f the  anal yser i s  on  senti ne l  du ty for example).  

3)  Time-based  PM  activates  cond i tion-based  main tenance  (period  determ ined  by expected  
l i fe,  experience,  etc. ) .  Th is  may mean  increased  veri fication /cal ibration  checks  to  
determ ine  the  poin t of fa i l  wh ich  i s  expected  i n  the  near fu ture  wi th  al l  data  sti l l  under 
SPC.  

4)  Th is  i s  where  the  cal i bration  parameters  are  mon i tored  ( i f avai l ab le)  to  determ ine  and  plan  
the  optimum  time  for repair.  

The  u l timate  goal  i s  for the  majori ty of main tenance to  be  i n  the  cond i tion-based  and  
proactive-based  modes.  

Append ix 4  g i ves  an  example  of a  fl ow chart to  ass ist i n  decis ions  on  wh ich  maintenance 
strategy i s  most su i ted  to  wh ich  anal yser system .  

5.3  Management systems/organisation  

A good  anal yser maintenance organ isation  is  necessary to  ach ieve  effective  anal yser 
performance.  The  i deal  approach  needs  to  i nclude  ded icated  techn icians  wi th  good  tra in ing  
con trol l ed  by an  anal yser eng ineer wi th  a  fu l l  understand ing  of anal ysers ,  thei r du ty and  the  
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process  wh ich  they are  mon i toring .  The  anal yser eng ineer con trols  the  overal l  main tenance  
organ isation  and  is  a  focal  poin t  for l i a ison  between  other refi nery groups.  

An  important  add i ti onal  factor needed  in  the  equation  is  the  l evel  of au thori ty/i n fluence  g iven  
to  the  anal yser eng ineer.  Anal ysers  shou ld  occupy a  separate  department wi th in  the  
maintenance organ isation  reporti ng  d i rectl y to  the  management and  not be  a  sub  set of,  for 
example,  the  instrument/e lectrical  main tenance  group.  Also,  regard less  of whether 
techn icians  are  i n -house  or contracted  ou t,  i t  i s  considered  essentia l  that the  anal yser 
eng ineer ro le  i s  an  i n -house  function  to  ensure  company i n terests  and  requ irements  are  
upheld .  

However,  i t  can  be  cla imed  that anal yser maintenance can  be  successfu l  wi thout  wel l -defined  
and  formal ised  group s tructures.  There  are  many i nstances  of groups  at apparen tl y l ow levels  
i n  the  h ierarchy,  and  even  spread  across  separate  departmen ts/cost centres,  operating  wi th  
reasonable  success.  However such  approaches  re l y heavi l y on  personal i ti es  and  are  
vu lnerable  to  changes  in  personnel  creati ng  i nd ividual  and  chang ing  perceptions  of priori ty.  

Due  to  the  d i versi ty of organ isational  approaches  wh ich  can  cla im  success,  i t  i s  d i fficu l t  to  
define  a  rig i d  organ isational  s tructure  so  a  more  conceptual  approach  needs  to  be  taken .  
F igure  4  summarises  how the  anal yser functions  shou ld  be  organ ised .  

 

Figure 4 – Organ isation  of analyser functions  

Such  a  conceptual  approach  shou ld  be  ab le  to  be  appl ied  to  operati ng  s i tes  of a l l  s i zes  and  
wi th  any number of anal ysers.  The  basic concept i s  for a  cen tral  function  i n  a  supporti ng  role  
i deal l y reporting  to  an  operations  co-ord ination  manager who has  wi th in  h is  con trol  the  
l aboratory,  advanced  control ,  specia l  ski l l s  and  production  groups.  Priori ties  shou ld  be  set  
through  the  owners  and  end  users  of the  analysers  via  an  anal yser qual i ty team ,  wh ich  
comprises  representatives  from  a l l  i n terested  departments .  

I n  essence the  importance  i s  i n  where  the  analyser eng ineer/supervisor fi ts  i n  the  overal l  
organ isation  and  that the  anal yser function  i s  recogn ised  as  an  i ndependent service  from  
general  i nstrument/e lectri ca l  main tenance.  
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The  importance  of ded icated  anal yser main tenance techn icians  cannot be  over emphasised .  

5.4 Train ing/competency 

5.4. 1  General  

Techn ician  train ing  and  motivation  i s  an  important factor i n  a  good  analyser organ isation .  
Motivation  is  ach ieved  by g i ving  a  sense  of va lued  contribution ,  con tinued  in terest through  
tra in ing  and  trust to  work wi th  m in imal  supervis ion .  

5.4.2  Train ing  needs  

Train ing  of personnel  involved  wi th  anal ysers  can  be  d ivi ded  i n to  two  general  categories:  
appl ication  and  maintenance.  Professional l y tra ined  personnel  (eng ineers,  chem ists  and  
others)  are  general l y responsible  for the  appl ication  of anal ysers  to  the  processes.  H igh l y 
ski l led  specia l ists  (techn icians,  inspectors  or i nstrument mechan ics)  are  usual l y,  bu t not 
exclus ive l y,  responsib le  for main tenance.  Therefore,  the  tra in ing  needs  for effecti ve  anal yser 
appl ications  are  d i rected  toward  professiona ls  and  the  tra in ing  for anal yser maintenance  
toward  special is ts.  

Profess ionals  shou ld  keep  the ir general  background  ski l l s  updated  i n  mathematics ,  chem istry,  
phys ics ,  e lectron ics,  h yd rau l ics ,  computer science,  refinery processes  and  other areas,  wh ich  
may be  requ i red  for a  thorough  understand ing  of the  operating  pri ncip les  of anal ysers  and  
thei r sampl i ng  systems.  Th is  general ised  tra in ing  can  be  ach ieved  by a  combination  of j ob  
experience,  sel f-study,  n ight school ,  short  courses,  sem inars  and  other means  that are  
beyond  the  scope of th i s  document.  I n  add i tion ,  specia l ised  tra in ing  on  particu lar types  of 
anal yser systems i s  necessary.  

Th is  appl ication-orien ted  tra in ing  shou ld  focus  on  the  capabi l i ti es  and  l im i tations  of speci fic  
anal ysers  and  on  the  experiences  of others  using  anal ysers  i n  particu lar process  appl ications.  

Train ing  personnel  for anal yser main tenance  i s  qu i te  d i fferen t from  appl ication  tra in ing .  
Main tenance tra in ing  shal l  i nclude  general  background  updating  of the  personnel  as  wel l  as  
speci fic train ing  on  anal ysers.  I t  i s  not effecti ve  to  teach  troubleshooting  of chromatographs  i f 
the  maintenance person  has  no  knowledge of e l ectron ics  and  phys ical  chem istry.  Thus  the  
background  knowledge  l isted  above,  wh ich  profess ional  personnel  possess,  often  shal l  be  
taugh t to  specia l ists  ass igned  to  anal yser maintenance.  

5.4.3  Selecting  trainees  

I t  i s  important to  choose the  ri ght people  to  tra in  for the  appl ication  and  maintenance of 
anal ysers.  The  need  for tra in ing  is  usual l y apparen t bu t tra in ing  the  ri ght  people  at the  ri gh t 
time is  a lso  important.  One  general  ru le  to  fo l low i s  to  choose those  people  to  tra in  who wi l l  
be  ass igned  responsibi l i ty i n  that area  fo l l owing  the  tra in ing .  Tra in ing  i s  expensive  and  can  be  
wastefu l .  Nearl y a l l  knowledge ga ined  wi l l  be  forgotten  i f i t  i s  not used  promptl y.  Th is  i s  
particu larl y importan t i n  main tenance train ing  for speci fic equ ipment.  

When  choosing  people  for ass ignment to  anal yser main tenance,  care  shou ld  be  taken  to  
se lect those  wi th  the  most i n terest and  best background  and  characteristi cs  to  be  effecti ve  i n  
th is  work.  Usual l y th is  means  se lecting  some of the  more  advanced  people  who a l ready 
possess,  or can  be  tra ined  to  develop,  the  specia l  ski l l s  requ i red  for anal yser main tenance.  

5.4.4  Types  of train ing  

Train ing  can  be  categorised  i n to  i nd ividual  efforts  such  as  sel f-study,  n igh t school  and  
correspondence  schools ,  and  formal  group tra in ing .  Al though  i ndependent tra in ing  i s  very 
important to  the  ind ividual ,  particu larl y i n  keeping  cu rren t wi th  advancing  technology,  i t  wi l l  
not be  d iscussed  fu rther i n  th is  document.  G roup tra in ing  sess ions  are  avai lable  from  
vendors,  schools,  specia l i ty contractors ,  techn ical  societies,  and  there  is  on -the-job  i n -house  
tra in ing  i n  many user compan ies.  
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5.4.5  Vendor train ing  

Most anal yser vendors  offer tra in ing  sess ions  for their own  equ ipment.  The  cost of these  
sess ions  varies  from  n i l  to  a  modest fee  and  the  sess ions  are  he ld  i n  the  vendor’s  pl ants  or i n  
l ocations  more  conven ient  to  the  students .  Vendor tra in ing  may a lso  be  conducted  i n  the  
user’s  p l an t i n  con j unction  wi th  new anal yser commission ing  and  s tart up.  

Vendor train ing  i s  general l y of h igh  qual i ty.  Most compan ies  use  a  format that combines  
classroom  sess ions,  demonstrations  and  hands-on  fam i l i arisation .  The  classroom  portion  
covers  the  princip les  and  theory involved  i n  the  des ign  of the  anal ysers  and  the  proper 
appl ication  of the  anal ysers  to  processes.  

The  hands-on  tra in ing  i s  designed  to  teach  proper function ing  and  maintenance,  i nclud ing  
cal ibration ,  testi ng ,  d iagnostic  procedures,  ad j ustments  and  tun ing ,  and  assembly and  
d isassembly.  

5.4.6  Classroom  train ing  

Train ing  provided  by schools  can  be  qu i te  varied .  I t  may be  i n  the  form  of an  even ing  class  
he ld  i n  a  local  col lege  or h igh  school .  The  i nstructor for such  a  class  i s  often  recru i ted  from  
local  industry and  i s  usual l y someone involved  i n  the  appl ication  or main tenance of anal ysers.  
I n  many respects  th is  type  of tra in ing  sess ion  can  be  qu i te  s im i l ar to  vendor tra in ing  except 
that  the  scope  i s  broader,  covering  anal ysers  from  many vendor compan ies.  

Some col leges  and  un ivers i ties  offer a  series  of short courses  or sem inars  pertain ing  to  
anal ysers.  These  are  designed  for persons  in terested  in  anal ysers  who can  take  the  time 
away from  their normal  work to  attend  the  sess ions.  Most of these  short  courses  are  of one  
week or l ess  in  duration .  The  teach ing  staff may be  a  combination  of un ivers i ty and  i ndustry 
personnel .  Course  con tent i s  usual l y more  theoretica l  and  appl ication  ori en ted  than  
maintenance oriented  and  therefore  more  d i rected  toward  profess ionals  rather than  
specia l ists .  Due  to  the  wide  variety of courses,  the  course  content,  the  qual i fications  and  
experience  of i nstructors  and  recommended  prerequ is i tes  shal l  be  reviewed  carefu l l y i n  order 
to  se lect  the  most su i table  tra in ing .  

5.4.7  Techn ical  societies  

Techn ica l  societies  a lso  offer a  wide  variety of tra in ing  opportun i ti es.  Wri tten  standards  and  
practices  perta in ing  to  anal ysers ,  techn ical  ta lks  at  society meetings,  sem inars,  symposia  and  
short courses  may be  avai l ab le .  Exh ibi ts  of anal yser equ ipment are  frequentl y i ncluded  at 
techn ical  society functions.  Th is  enhances  the  overal l  tra in ing  aspect.  I n  many i nstances,  the  
au thors  of techn ica l  papers,  s tandards  and  practices,  the  speakers  at society meetings,  and  
the  classroom  i nstructors  at sem inars  and  symposia  are  recru i ted  from  the  membersh ip  of 
techn ica l  societies.  Once again  the  reader is  cau tioned  to  be  selecti ve  i n  choosing  the  
speci fic tra in ing  events .  

5.4.8  User train ing  

Many user organ isations  have  establ ished  i n -house  train ing  for i nd ividuals  i nvolved  wi th  
anal ysers.  I n  i ts  s implest form  th is  cons ists  of a  one-on-one  tra in ing  i n  wh ich  the  tra inee  is  
pai red  wi th  a  more  experienced  main tenance person  du ring  normal  working  hours .  I n  th is  
system ,  the  tra inee  receives  i nd ividual  i nstruction  and  hands-on  experience.  Th is  can  be  a  
very effecti ve  train ing  techn ique,  particu larl y where  on l y one  or a  smal l  number of people  are  
to  be  tra ined ,  or where  g roup classroom  work i s  to  be  supplemented  wi th  fi el d  work.  However,  
i t  i s  an  i nefficient  method  in  that i t  requ i res  one  instructor for each  s tuden t.  A poten tia l  
problem  may exist i n  that the  experienced  main tenance person  may be  effecti ve  in  anal yser 
work bu t not i n  teach ing .  

I n -house  tra in ing  i s  frequen tl y held  in  con j unction  wi th  the  commission ing  of one  or more  n ew 
analysers.  I deal l y th is  tra in ing  shou ld  be  held  prior to  start-up  of the  equ ipment bu t wi th  the  
anal ysers  actual l y operati ng  wi th  cal i bration  samples.  The  anal ysers  can  be  located  i n  the  
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workplace,  i n  a  tra in ing  area  or i n  the  p lan t.  The  i nstructor may be  a  l ocal  employee or a  
vendor representative.  Th is  type  of tra in ing  can  be  very effecti ve  for main tenance  personnel  
and  for fam i l i aris ing  operati ng  personnel  wi th  new equ ipment.  Operators  shou ld  be  
encouraged  to  ask questions  about the  appl ication  of the  equ ipment and  to  learn  how the  
i n formation  obtained  i s  used .  Th is  type  of fam i l iarisation  i n  advance of start-up  can  help  
bridge  the  cred ib i l i ty gap  between  operations  and  main tenance on  anal yser performance.  

Many users  have  establ ished  analyser tra in ing  sessions  des igned  to  tra in  a  group of people  to  
main ta in  a  variety of d i fferen t anal ysers  i n  use  in  thei r p lan ts.  These  sess ions  cons ist of two  
to  three  hours  of tra in ing  held  one  or more  times  each  week,  usual l y du ring  working  hours .  
Train ing  can  con tinue  for many weeks  un ti l  a l l  subjects  are  covered .  I nstructors  often  include  
vendor personnel  for speci fic anal ysers  and  i n -house  experts  for more  general  subj ects .  The  
personnel  chosen  for tra in ing  shou ld  be  those  who wi l l  be  assigned  responsibi l i ty i n  that area  
fol l owing  the  tra in ing .  The  classroom  shou ld  not be  fi l l ed  wi th  people  who wi l l  not use  the  
tra in ing .  Smal l  cl asses  are  more  effective  than  large  ones.  

Some users  have  set up  corporate  tra in ing  cen tres  at a  centra l  l ocation  d rawing  students  from  
several  p lants .  Th is  i s  a  h igh l y formal ised  techn ique  and  can  be  effecti ve  because  i t  i s  a  fu l l -
time effort wi th  the  studen ts  re l i eved  from  al l  other responsib i l i ti es  during  the  tra in ing .  One  
company holds  th is  type  of tra in ing  every year or two wi th  sess ions  l asti ng  from  six to  n i ne  
months.  The  goal  i s  to  convert the  best avai l able  cand idates  i n to  h i gh l y ski l l ed  anal yser 
specia l ists  through  i n tensive  tra in ing .  

A fu l l -time instructor p lans  the  tra in ing  and  i s  supplemented  by the  vendor’s  personnel  and  
corporate  experts  i n  various  subjects .  The  class  vis i ts  vendor l ocations  for some of i ts  
sess ions  and  usual l y conducts  a  major part of i ts  tra in ing  at an  anal yser systems  house.  Th is  
perm i ts  hands-on  tra in ing  on  various  anal ysers  and  sampl ing  systems,  wh ich  have  been  
purchased  by th is  company.  

The  tim ing  i s  arranged  so  that the  class  performs the  necessary checkou t,  ca l i bration  and  
i nspection  of anal ysers  before  they are  sh ipped  to  the  p lan ts.  Such  a  tra in ing  course  may 
i nclude:  bas ic subjects  (mathematics ,  physics,  chem istry and  e lectron ics),  25  % ;  anal yser 
subj ects  ( l aboratory methods,  sample  systems  and  anal ysers),  1 0  % ;  m iscel l aneous  subjects  
(pu rchasing ,  safety and  documentation) ,  3  %;  vendor i nstruction ,  30  %;  hands-on  testi ng ,  
1 2  % ;  and  classroom  study,  20  %.  

5.4.9  Retrain ing  

A great need  exists  to  con tinuous l y update  and  retra in  persons  a l ready working  wi th  
anal ysers.  The  technology i s  advancing  so  rapid l y that con tinual  retrain ing  is  requ ired  to  
ensure  a l l  i n formation  is  curren t.  Anal ysers  today con tain  d i g i ta l  l og ic ci rcu i try,  
m icroprocessors  and  measurement techn iques  previous l y not avai l able.  Personnel  shal l  be  
provided  wi th  retrain ing  opportun i ties  to  improve the ir ski l l s  and  retra in  thei r effecti veness.  

The  types  of train ing  d iscussed  so  far can  be  used  for retrain ing  as  wel l .  However,  i t  i s  
probabl y even  more  importan t i n  retrain ing  to  choose the  ri ght  student for each  type  of 
anal yser to  ensure  they are  trainable.  As  anal ysers  become more  complex,  anal yser 
personnel  wi l l  become more  specia l ised .  Al l  personnel  wi l l  not be  equal l y proficient wi th  a l l  
types  of anal ysers.  A p lant wi l l  be  doing  very wel l  i ndeed  through  i ts  recru i tment,  tra in ing  and  
retrain ing  to  provide  analyser personnel  wi th  suffi cien t ski l l s  to  effectivel y appl y and  main tain  
today’s  anal ytica l  i nstrumentation .  

5.5  Optimal  resourcing  

5.5. 1  General  

Optimal  resourcing  ensures  the  righ t numbers  of techn icians  to  ach ieve  the  requ i red  
performance of the  anal ysers  at the  most economical  cost.  To  ach ieve  the  correct techn ician  
workload  can  be  d i fficu l t as  each  anal yser can  requ i re  varying  degrees  of atten tion  depend ing  
on  i ts  complexi ty and  appl ication .  To  a i d  the  estimation  of workload  the  concept of the  
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equ ivalent anal yser is  i n troduced .  Equ iva len t anal yser numbers  are  determ ined  by 
normal is i ng  each  anal yser type  and  appl ication  to  a  typ ical  anal yser,  wh ich  has  a  defi ned  
maintenance workload .  From  th is  can  be  derived  a  measure  of the  s taff productivi ty,  wh ich  
can  be  used  as  a  key performance  i nd icator (KPI )  as  fo l l ows.  

5.5.2  Equ ivalent analyser per techn ician  (EQAT)  calcu lation  method  

5.5.2 .1  Approach  

A s i te's  EQAT number i s  essen tia l l y the  tota l  number of equ ivalen t anal ysers  mainta ined  at  
that s i te  d i vi ded  by the  tota l  ca lcu lated  techn ician  number at  that s i te  needed  to  keep the  
anal ysers  operational .  The  s i te  EQAT number i s  on l y one  of several  anal yser KPI s  wh ich  
need  to  be  mon i tored  and  anal ysed  col l ecti vel y to  make j udgements  on  s i te  main tenance  
effecti veness.  S ince  s i te  EQATs are  not considered  to  be  d ynam ic data  they need  to  be  
updated  at  a  frequency of no  more  than  once  per year.  

5.5.2 .2  Part  1  – Calcu late  total  technician  number 

The worksheet i n  Clause  A. 1  i s  used  to  ca lcu late  the  tota l  number of techn icians  u ti l i sed  to  
main tain  a l l  ass igned  analysers.  I t  shou ld  i nclude:  permanent main tenance staff ded icated  to  
anal ysers;  permanent main tenance staff who have  i nstrument and  anal yser responsibi l i ti es ;  
l ong  term  contractors ;  on -going  con tracted  main tenance services  and  any anal yser work done  
by mu l ti -craft  personnel  ( i . e .  operations  staff doing  anal yser val i dation ).  The  worksheet shou ld  
not i nclude  any s taff who  do  not have  d i rect ass igned  responsibi l i ty to  main tain /veri fy anal yser 
systems,  such  as  fi rst l i ne  supervisors  or staff assigned  to  specia l  du ty such  as  proj ect work 
or work on  non-permanent anal ysers  not i ncluded  i n  the  equ iva l ent  anal yser ca lcu lations.  

5.5.2 .3  Part  2  – Calcu late  equ ivalent  analysers  

The equ ivalent  anal yser calcu lation  instructions  and  worksheets  i n  C lause  A. 2  and  Clause  A. 3  
are  used  to  equate  a l l  main tained  equ ipment i nclud ing  anal yser shel ters  to  a  common  
equ ivalent anal yser reference.  Al l  equ ipment normal l y main tained  by the  techn ician  number 
generated  above shou ld  be  i ncluded .  

5.5.2 .4  Part  3  – Equ ivalent  analysers  per techn ician  index (EQAT)  

The s i te  wide  equ ivalen t  anal yser per techn ician  i ndex (EQAT)  for each  s i te  i s  ca lcu lated  by 
d i vi d ing  the  tota l  number of equ iva lent anal ysers  calcu lated  in  Part 2  wi th  the  tota l  effective  
techn ician  number calcu lated  i n  Part  1 :  

stechnician of number calculated total

analysers equivalent of number total
EQAT =  

To  enable  s i te-to-si te  comparisons,  a  s i te  wide  EQAT number shou ld  be  ca lcu lated .  An  EQAT 
per bus iness  un i t  may a l so  be  of use  for comparisons  of s im i larl y structured  s i tes .  

5.5.3  Ideal  number of technicians  

The i deal  number of techn icians  to  provide  optimal  main tenance cover depends  on  what i s  
defined  as  the  standard  anal yser and  the  average  main tenance  requ i rement for that standard  
anal yser.  Th is  wi l l  provide  a  mechan ism  for j usti fication  of anal yser techn ician  numbers  
(hence optimal  resourcing)  and  provide  a  target EQAT number as  a  KPI  (see  6. 4) .  

For example,  i f a l l  comparisons  are  to  be  based  on  a  flue  gas  extracti ve  oxygen  anal yser 
system  on  a  relati vel y clean  appl ication  (gas  fi ri ng) ,  i f the  average techn ician  maintenance  
l oad  for th is  anal yser works  out at say 60  h  per year to  ach ieve  a  m in imum  of 95  %  
avai l ab i l i ty,  the  equ iva lency of 1 , 0  i s  then  60  h  work.  

NOTE  These  are  hou rs  of work i ncl us i ve  of vi sua l  i nspection  t ime,  adm in i stration  t ime,  etc. ,  bu t  not  hours  of 
downtime  of an  analyser,  wh i ch  can  be  vastl y  d i fferent  d ue  to  avai l abi l i ty  of spares,  priori ty requ i rements  for 
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main tenance,  etc.  A more  complex anal yser system  requ i ri ng  1 20  h  work per year wi l l  h ave  an  equ i val ency number 
of 2 , 0  and  so  on .  

The number of hours  a  techn ician  works  per year then  has  to  be  l ooked  at,  exclud ing  overtime  
and  a l l owing  for l eave,  national  hol i days,  etc.  I n  the  UK,  th is  works  out  at around  1  800  h  per 
year.  On  th is  bas is,  the  number of equ ivalent anal ysers  that  a  s i ng le  techn ician  can  
comfortabl y main tain  i s  therefore  1  800  /  60  wh ich  equals  30.  

I t  i s  suggested  that a l l  s i tes  i n  a  company (or ideal l y an  i ndustry)  get together and  compare  
maintenance times  of a l l  ana l ysers  and  come to  an  average  number,  wh ich  wou ld  then  reflect 
the  company (or i deal l y i ndustry)  operation  and  provide  a  level  p l aying  fie ld  for KPI  
comparisons.  

An  example  of a  typica l  target EQAT number for process  control  anal ysers  is  between  40  and  
60  wi th  present  day (201 3)  technology wi th  target avai lab i l i ti es  of 95  % .  

The  target EQAT number wi l l  need  to  be  reviewed  say on  a  yearl y basis  as  new anal yser 
technolog ies,  improved  system  des igns,  improved  anal yser re l iabi l i ty,  etc. ,  wi l l  tend  to  requ ire  
l ess  main tenance effort.  SHE  ( i nclud ing  CEMs)  or other anal ysers  wi th  specia l  requ irements  
may requ i re  l ower EQAT numbers.  

5.5.4  In -house or contracted  out maintenance  

Due to  the  complexi ties  of anal yser systems,  the  mu l tip l ici ty of anal yser technolog ies  and  
suppl iers,  and  in  most cases  the  requ i rement for a  fu l l  t ime  presence on  s i te  to  fu l fi l  
main tenance functions ,  i t  i s  preferable  for a  company to  employ i ts  own  staff tra ined  to  
understand  equ ipment and  i ts  appl ication .  There  are  many re lati ve ly s imple  anal ysers  
requ i ri ng  rud imentary main tenance and  i n  re lati vel y l arge  numbers  (e. g .  gas  detectors,  
oxygen  anal ysers)  that can  j usti fy being  con tracted  ou t.  Depend ing  on  the  anal yser 
requ irements  there  wi l l  be  a  poin t where  contracted-out costs  start to  exceed  i n -house  costs.  
I n  decid ing  on  the  use  of con tracted  ou t main tenance,  the  re lati ve  costs  have  to  be  
considered  as  i nd icated  below in  F igure  5:  

 

Figure 5  – Relative maintenance costs  
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I n  considering  the  above,  a l l  costs  need  to  be  taken  i n to  account  i nclud ing  use  of s i te  stores  
faci l i ti es,  use  of s i te  workshop faci l i ti es  and  s i te  support overheads.  These  tend  to  be  
i nclus ive  for i n -house  techn ician  rates  and  main tenance  costs  bu t not wi th  con tractor rates.  
S imple  savings  on  man-hour rates  or s impl i fying  budgets  by fixed  price  con tracts  may not be  
what they seem  especia l l y i f the  con tracted  ou t work i nvolves  the  need  for a  s i te-based  
con tract  techn ician(s) .  

5.5.5  Off-si te  technical  support  requ i rement 

The modern  industria l  anal yser group fi nds  i ts  instrumentation  responsibi l i ti es  becom ing  more  
complex as  technology and  econom ics  resu l ts  i n  on- l i ne  and  at- l i ne  anal ysers  becom ing  
hybrids  of what were  essentia l l y laboratory based  i nstruments  on l y a  few years  ago.  Th is  and  
the  i n troduction  of robotics  and  chemometrics  may present l i ttle  option  bu t to  use  off-s i te  
expertise,  though  a  prudent g round ing  of at  l east  one  member of staff shou ld  be  cons idered .  
The  resu l t  from  a  management standpoint  i s  a  fi rm  understand ing  of m in imum  downtime/plan t  
cost ratios ,  wh ich  can  be  used  to  negotiate  the  external  con tracts  requ i red  to  keep  these  
anal ysers  runn ing ,  ca l l ou t t imes,  i n ternet l i nk troubleshooting ,  etc.  

5.6  Best practice  benchmarking  

The promotion  of good  management of anal ysers  and  subsequent performance improvements  
is  best served  by i den ti fying  best practices  and  assess ing  organ isations  against these  
practices.  Benchmarking  against best practices  is  a  good  tool  to  engender competi tion  
between  organ isations  and  raise  awareness  of anal ysers  wi th in  management ci rcles  creating  
an  envi ronment of con ti nuous  improvement towards  optimum  and  most efficien t use  of 
anal ysers.  

The e lements  of ‘best practice’  are:  

•  management systems;  

•  formal  anal yser group structure;  

•  cen tral  supervised  g roup;  

•  supervisor au thori ty l evel ;  

•  ded icated  analyser techn icians;  

•  adequate  mann ing  l evels ;  

•  recogn ised  ownersh ip;  

•  performance mon i toring ;  

•  anal yser va lue  recogn i tion ;  

•  ana l yser qual i ty team ;  

The  implementation  of best practice  shou ld  be  stewarded  by the  organ isation .  

5.7  Annual  analyser key performance ind icator (KPI )  review 

To ensure  analyser performance  requ i rements  keep pace  wi th  process  operational  
requ i rements ,  KPI s  shou ld  be  regu larl y reviewed  via  a  formal  procedure.  General l y they 
shou ld  be  performed  for i nd ividual  areas  of the  p lan t,  depend ing  on  anal yser popu lation  and  
operational  un i ts ,  etc.  Th is  wou ld  normal l y be  one  function  of the  anal yser qual i ty team  
d iscussed  i n  5 . 3.  Attendees  (pos i tions  and  ti tl es  wi l l  vary wi th  each  organ isation)  shou ld  
comprise:  

•  operational  management;  

•  operators  and  panel  personnel ;  

•  process  eng ineer;  

•  main tenance/anal yser eng ineer;  
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•  main tenance/anal yser techn icians;  

•  specia l ists/supervis ion .  

The  KPI  review agenda  suggested  i s  g i ven  in  Table  3.  

Table  3  – Example  agenda for a  KPI  review meeting  

I tem  Actioned  by 

1 .  Review the  previous  meeting ’s  next steps  

Only appropriate  after i n i ti a l  meeti ng .  

Operational  
management  

2.  Review the  i nd ividual  anal ysers’  cri ti cal i ty 

Th is  i s  where  the  bus i ness  owner or users  revi ew the  cri ti cal i ty a l ong  wi th  the  attendees  to  
see  i f the  cri ti cal i ty su i ts  the  cu rren t busi ness  need .  

The  attendees  are  such  that  th i s  can  be  ad justed  i nstan tl y.  

Al l  

3.  Presen tation  of mon i toring  data  

Th is  i s  where  the  main tenance  techn ician  presents  the  data  col l ated  to  the  meeti ng ,  
exp la i n i ng  the  h i ghs  and  l ows  of the  previous  year’ s  work.  

Th i s  imparts  ownersh i p  on  behal f of the  techn ician  and  a l l ows  effort,  or probl ems,  to  be  
h i gh l i gh ted .  

As  each  anal yser has  been  reviewed  the  meeti ng  l eader wi l l  a l l ocate  the  next  s teps  to  
attendees  as  requ i red .  

Techn ician  

4.  Next  steps  

After the  data  presentation ,  the  next steps  and  acti ons  are  cl ari fi ed  a l ong  wi th  completed -
by dates.  

Operational  
management  

5.  Benchmarking  

The  data  col l ated  can  be  general l y compared  wi th  other areas  of the  same s i te  or other 
compan ies.  

Questions  may be  ra i sed  and  d i fferences  d i scussed .  

Al l  

 

6 Analyser performance moni toring  

6.1  General  

I n  order to  assess  the  true  value  of on- l ine  anal ysers  and  to  ensure  that anal yser performance 
on  one  s i te  can  be  eas i l y compared  to  performance on  another s i te,  i t  i s  necessary to  have  a  
common  approach  to  performance  measures  wh ich  can  be  i den ti fied  as  key performance  
i nd icators  (KPI s).  

The  accepted  cri terion  for performance measurement i s  the  avai labi l i ty of the  anal yser.  Th is  
value  can  then  be  used  to  assess  benefi ts  pu t at  ri sk by anal yser downtime and  to  j usti fy 
add i ti onal  overheads  necessary to  main ta in  the  target avai labi l i ty to  maxim ise  the  benefi ts .  

Avai l abi l i ty and  potentia l  benefi t/risk are  i nextricabl y i n terwoven  but there  is  a  fl aw i n  d i rect 
use  of the  avai l abi l i ty value  trad i ti onal l y based  on  actual  anal yser uptime for th is  pu rpose.  A 
th i rd  component i n  the  equati on  i s  needed  and  that i s  the  u ti l i sation  factor.  I t  i s  no  use  having  
an  anal yser fu l l y operational  and  retu rn ing  measurements  wi th in  accepted  uncertain ty l im i ts  i f 
i t  i s  not actual l y used ,  i . e .  i f i gnored  by the  operator who  then  re l i es  on  manual  sampl i ng  and  
anal ys is  or i f the  con trol  scheme anal yser i npu t i s  pu t  on  manual .  

Anal yser re l iabi l i ty data  such  as  mean  time  between  fa i lu res  (MTBF)  and  mean  time  to  repai r 
(MTTR)  are  not themselves  a  d i rect measure  of avai l abi l i ty.  These  are  d i fferen t functions  to  
avai labi l i ty as  they are  i ndependent of p lan t runn ing  times  or routi ne  maintenance  functions.  
However,  anal yser re l iabi l i ty does  contribu te  towards  overal l  ava i lab i l i ty measurement.  
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A cons istent approach  to  measurement of avai l ab i l i ty,  u ti l i sation  and  benefi t  that can  be  
ach ieved  from  anal ysers  is  essentia l  i n  ' benchmarking '  anal yser performance.  These  and  
other performance  ind icators  are  g i ven  i n  6 . 4. 1 .  The  mechan isms to  measure  major 
performance i nd icators  such  as  avai labi l i ty,  u ti l i sation  and  benefi t  are  a lso  d iscussed .  

6.2  Record ing  fai lures  – reason/h istory codes  

6.2. 1  General  

To enable  improved  traceabi l i ty on  anal yser breakdown  causes  and  to  provide  mean ingfu l  
data  for rel iabi l i ty s tatisti cs  for MTBFs,  etc. ,  reason/h istory codes  are  a  usefu l  tool  to  employ.  

Reason/h istory codes  can  be  classi fi ed  i n to  four main  groups :  w,  x,  y and  z as  fo l lows:  

w0   repai r of unforeseen  breakdown  – anal yser not taken  offl i ne;  

w1   repai r of unforeseen  breakdown  – anal yser taken  offl i ne;  

x0   time-based  j obs  (schedu les,  i nspections ,  etc. )  – anal yser not  taken  offl i ne;  

x1   time-based  j obs  (schedu les,  i nspections ,  etc. )  – anal yser taken  offl i ne;  

y0   repair of foreseen  breakdown  – anal yser not taken  offl i ne;  

y1   repair of foreseen  breakdown  – anal yser taken  offl i ne ;  

z0   improvement/development j obs  – anal yser not taken  offl i ne;  

z1   improvement/development j obs  – anal yser taken  offl i ne.  

These  four main  reason/h istory code  categories  cover the  re l iab i l i ty centred  main tenance 
conceptual  approaches  (see  5 . 2)  of reactive,  preventati ve,  pred icti ve,  and  proactive  
maintenance.  These  codes  can  then  be  sub-d ivided  in to  cause  and  component codes.  

Cause  h istory codes  a id  i n  i den ti fying  fa i l u re  trends ,  wh ich  can  then  be  addressed  under 
category ‘ z’  where  improvements  and /or development work can  be  undertaken  to  improve  
analyser re l iabi l i ty.  

Component h istory codes  a id  i n  i den ti fying  poor re l iabi l i ty i tems  and  such  data  can  be  used  i n  
optim is ing  spares  hold ings,  decis ions  on  l ooking  at a l ternative  suppl iers  and  areas  where  the  
anal yser performance  can  benefi t from  redundancy cons iderations.  

6.2.2  Typical  fai lu re  pattern  

A bas ic understand ing  of the  fa i lu re  curve  is  requ i red  to  be  able  to  adopt a  main tenance  
strategy for the  equ ipment.  A trad i tional  fai l u re  curve  is  shown  be low.  The  equ ipment wi l l  run  
at i ts  requ i red  du ty for a  schedu led  period  (th is  may be  shorter i f the  equ ipment i s  operating  
above  des ign) .  I t  wi l l  then  beg in  to  l ose  performance  at the  poin t of fa i l  and  then  decl ine  at a  
rate  to  the  poin t of breakdown.  For further deta i l s ,  refer to  Weibu l l  anal ysis  ( I EC 61 649)  [3]  
and  Power law ( I EC  61 71 0)  [4 ] .  

The  times  wi l l  vary immensely,  i . e .  the  poin t of fai l u re  to  actual  breakdown  (period  of fai l )  
cou ld  be  a  matter of seconds  i n  a  l i ght source  bu t cou ld  be  a  considerable  number of weeks 
for a  gas  detector.  Th is  l eng th  of fa i l  i s  an  importan t gu ide  to  the  strategy requ i red .  I n  other 
words,  i f the  period  of fai l  i s  short,  a  run  to  fa i l  (reactive  main tenance)  strategy may be  
practical  i f the  consequences  of fa i l u re  are  not  s i gn i fican t or there  i s  redundancy i n  the  
system .  

I t  may be  poin tl ess  checking  extens ivel y earl y du ring  the  schedu led  l i fe  or l engthen  a  time-
based  strategy to  a  poin t where  i t  i s  l onger than  the  period  of fa i l ,  as  i t  i s  poss ib le  that the  
equ ipment cou ld  fa i l  i n  between  the  time-based  checks,  effecti ve l y wasting  time and  effort.  

I deal l y,  the  checks  are  best set to  l ook for the  poin t of fa i l ,  wh ich  cou ld  be  based  on  the  
schedu led  l i fe  (planned  or preven tati ve  maintenance – a  t ime-based  strategy),  and  around  
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that poin t,  beg in  to  mon i tor more  regu larl y for the  poin t of fai l  and ,  once  found ,  mon i tor 
(pred icti ve  or cond i ti on  based  maintenance – a  cond i ti on-based  strategy) .  The  resu l ts  of the  
mon i toring  wi l l  d ictate  the  time  to  repai r to  prevent a  breakdown  and  a l low for p lanned  work to  
occur.  

Another main tenance  tool  i s  proactive  main tenance where  sources  of poten tia l  breakdown  are  
i denti fied  and  ci rcumvented  by re-des ign ,  replacement wi th  improved  hardware,  awareness  of 
and  adoption  of better technology,  etc.  

The  ideal  i s  essential l y a  m ix of a l l  the  avai l ab le  strateg ies ,  wh ich  shal l  be  se lected ,  and  
b lended  to  form  the  ri gh t overal l  approach  to  meet bus iness  needs.  

The  fol lowing  d iagram ,  see  F igure  6 ,  i nd icates  the  l i fe  cycle  to  the  poin t where  unacceptable  
performance beg ins  to  be  important.  Th is  can  be  m i tigated  by an  in -depth  knowledge of the  
fai l u re  patterns  for a  particu lar type  of apparatus.  Th is  a l lows  pred icti ve  maintenance to  be  
appl ied .  

 

Figure  6  – Li fe  cycle  d iagram  

Typical  re l i ab i l i ty cen tred  maintenance (RCM)  fai l u re  patterns  for e lectro-mechan ical  
equ ipment are  as  fol lows:  
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Figure 7  – Rel iabi l i ty centred  maintenance fai lu re  patterns  

Figure  7  shows fa i lu re  rate  (y-axis)  p lotted  against time (x-axis).  A is  the  widel y known  
‘bath tub  curve’ .  I t  s tarts  wi th  a  h i gh  frequency of fa i l u re .  Th is  i s  fo l l owed  by gradual l y 
i ncreas ing  cond i tional  probabi l i ty of fa i lu re,  then  by a  wear ou t zone.  B  shows  increas ing  
cond i ti onal  probabi l i ty of fai lu re,  wh ich  a lso  ends  i n  a  wear ou t zone.  C  shows  s lowl y 
i ncreas ing  cond i ti onal  probabi l i ty of fa i lu re  and  no  i den ti fiab le  wear ou t  age.  D  has  a  l ow 
cond i tional  probabi l i ty of fai l u re  when  new.  Th is  i s  fo l l owed  by a  constan t l evel .  E  shows  
constan t cond i ti onal  probabi l i ty of fa i l u re  at  a l l  ages,  wh ich  is  random.  F  i s  in i tia l l y l ikel y to  
fai l ,  wi th  a  decreasing  l i kel i hood  of fa i l u re  d ropping  to  a  constan t cond i tional  probabi l i ty of 
fai l u re.  

6.3  SPC/proof checking  

6.3. 1  Analyser control  charting  

Analyser cal i bration  can  be  veri fi ed  through  e i ther pai red  sampl i ng  methods  using  laboratory 
anal ys is  of samples  or use  of pre-anal ysed  and/or certi fied  samples.  Regu lar mon i toring  
(veri fication  checks)  of the  anal yser against a  reference provides  a  powerfu l  tool  for pred ictive  
maintenance and  performance enhancement of on- l i ne  anal ysers.  

The  main  problem  wi th  on- l i ne  anal ys is  i s  that the  uncerta in ty associated  wi th  the  reference  
measurement or sample  i s  usual l y at best of the  same order of magn i tude  or worse  than  the  
anal yser/system  repeatabi l i ty.  The  on l y true  way to  mon i tor anal yser performance is  through  
statistical  anal ys is,  i . e.  employing  con trol  charti ng  procedures.  

The  con trol  chart i s  an  appl ication  of statis tica l  process  control  (SPC)  to  process  anal ys is  and  
employs  a  graph ical  d isp lay of the  deviation  va lue  i n  re lation  to  the  a im  l ine  (the  known  
standard)  and  the  warn ing  and  con trol  l im i ts .  The  a im  of SPC is  to  a l low for m inor deviations  
around  the  aim  l i ne  to  occur wi thou t chang ing  the  ca l i bration ,  i . e .  span  and  zero  setti ngs  of 
the  anal yser.  W i thout these  ad j ustments  any deviation  causes ,  i . e.  reference  variation ,  
sample  hand l ing  variations,  temperature,  pressure,  etc. ,  are  not ampl i fi ed  and  no  unnecessary 
work i s  undertaken .  
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I t  i s  usual  to  set two control  chart l im i ts  against  wh ich  actions  can  be  taken .  Gu idance i n  
setting  these  l im i ts  i s  covered  i n  6 . 3 . 2.  

The  l ower l im i t i s  the  ‘warn ing  l im i t’  and  i n  general  when  a  deviation  is  ou tside  th is  l im i t  i t  i s  a  
prompt to  the  techn ician  that  the  anal yser may need  to  be  re-cal ibrated  i n  subsequent checks.  
Also,  an  i ncrease  i n  veri fication  check frequency may be  requ ired .  

The  upper l im i t  i s  the  ‘ con trol  l im i t’  and  when  the  deviation  exceeds  th is  va lue  i t  i s  an  
i nd ication  of possib le  system  mal function .  A re-cal i bration  may be  requ ired  subj ect to  
i nvestigation  to  establ ish  i f a  system  fau l t  exists  and  where  i t  res ides.  

On l y over a  number of weeks  can  a  pattern  of resu l ts  be  obtained  wh ich  wi l l  i nd icate  any 
b iases  or d ri ft  from  wi th in  the  normal  scatter of resu l ts  that wi l l  be  inevi table  due  to  the  
test/anal yser uncertain ties  as  shown  in  F igure  8 :  

 

Figure 8  – Control  charting  d iagram  

Where  bias  is  encountered  th is  shou ld  remain  the  same un less  d ri ft i s  ind icated .  The  control  
chart zero  error axes  can  then  be  re-defined  or anal yser ou tpu t g i ven  an  appropriate  offset to  
account for the  b ias  and  no  fu rther acti ons  need  be  taken  as  l ong  as  the  resu l ts  agree  wi th in  
the  control  chart  l im i ts.  

Examples  of i n terpretation  of con trol  chart read ings  are  shown  i n  Annex B.  

A varian t of s imple  con trol  charti ng  i s  a  statis tical  method  based  on  cumu lative  calcu lations  of 
errors.  The  techn ique  is  known  as  CUSUM  and  requ i res  two  i ndependen t measurements  of 
the  same sample  repeated  over a  period  of time but not necessari l y on  a  regu lar bas is .  Th is  i s  
satisfied  i n  the  case  of on- l i ne  anal ysers  s ince  rou tine  samples  are  col lected  wi th  anal yser 
read ings  recorded  at  time  of col lection  for l ater comparison  to  the  l aboratory anal ys is  of those  
samples.  

CUSUM  is  defi ned  as  the  cumu lati ve  sum  of the  d i fferences  between  the  laboratory and  the  
anal yser resu l ts.  The  d i fference i s  then  added  to  a  runn ing  tota l ,  i . e .  

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

where  

n   i s  the  current time pai red  value ;  

L  i s  the  laboratory resu l t;  
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A   i s  the  anal yser resu l t;  

CUSUM  i s  the  cumu lati ve  sum .  

Resu l ts  are  p lotted  as  shown  on  the  fo l l owing  d iagram  (Figure  9):  

 

Figure  9  – Examples  of analyser resu l ts  

The horizon ta l  axis  i s  re lated  to  time in  that the  resu l ts  are  p lotted  i n  chronolog ical  order.  
However,  the  i n terval  between  the  samples  is  pl otted  as  a  constan t i rrespective  of what the  
actual  time  i n terval  i s .  The  s lope  of the  p lot i s  the  average  b ias  between  the  anal yser and  the  
l aboratory.  

I n terpretation  of the  p lot i s  based  on  the  fo l lowing :  

•  The  s lope  i s  the  b ias  (+ve or -ve) .  

•  A horizon tal  p lot  i nd icates  zero  b ias.  

•  A vertica l  d iscon tinu i ty,  bu t  same s lope  e i ther s i de,  i nd icates  a  suspect  l aboratory resu l t.  

•  Scatter of poin ts  abou t the  mean  l i nes  i nd icates  the  uncerta in ty of anal yser/l aboratory 
comparisons.  

Controls  us ing  CUSUM  wou ld  i nclude  the  maximum  change in  s lope  (b ias)  perm issib le  and  
what to  do  i f the  l im i ts  are  exceeded .  

Control  charting  can  be  implemented  based  on  data  con tained  i n  a  su i table  i n formation  
system ,  for example  a  l ost data  h istorian  system ,  wh ich  can  have  access  to  l aboratory 
i n formation  and  process  con trol  systems.  

6.3.2  Control  chart uncertain ty l imits  

Any warn ing  and  control  l im i ts  wi th  control  charti ng  techn iques  shou ld  be  based  on  a  real is tic  
assessment of the  re lative  performance  cri teria  of both  the  anal yser and  the  correspond ing  

l aboratory test.  Real istic  uncertain ties  (+ve and  -ve  l im i ts  on  the  s imple  con trol  chart and  
acceptable  scatter on  the  CUSUM  chart)  can  be  calcu lated  from  the  reference  uncertain ty and  
anal yser p lus  i nd ication  system  repeatabi l i ty combined  us ing  the  root sum  square  method .  

The  warn ing  l im i ts  are  normal l y set,  i n  statistical  terms,  equal  to  two  standard  deviations  
wh ich  are  equ iva len t to  uncertain ties  quoted  at 95  %  confidence l im i ts  i . e.  on l y one  deviation  
i n  20  is  expected  to  fa l l  ou ts ide  the  warn ing  l im i t under normal  ci rcumstances:  
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•  For pai red  sample  methods  the  reference test uncertain ty (95  %  confidence)  can  be  taken  
as  the  reproducibi l i ty of the  test.  

•  For pre-anal ysed  samples  the  reference uncertain ty can  be  taken  as  the  l aboratory 
repeatabi l i ty.  

•  For certi fi ed  samples  the  reference  uncerta in ty shou ld  be  defined  on  the  certi ficate.  

The  relevan t reference uncertain ty added  by the  root sum  squares  method  to  the  anal yser 
repeatabi l i ty (sensor p lus  s ignal  hand l i ng  to  fi nal  measurement used  by the  operator/con trol  
system)  g i ves  a  control  chart warn ing  l im i t  i ns ide  of wh ich  the  regu lar anal yser veri fication  
shou ld  ag ree  wi th  the  reference.  

The  control  l im i ts  are  normal l y set,  i n  statistical  terms,  equal  to  three  s tandard  deviations  
wh ich  are  equ ivalen t to  uncertain ties  wi th  99  %  confidence  l im i ts,  i . e .  on l y one  deviation  i n  
1 00  i s  expected  to  fa l l  ou ts ide  the  con trol  l im i t  u nder normal  ci rcumstances.  These  l im i ts  can  
be  set from  the  ‘warn ing  l im i t’  va lues  mu l tip l ied  by 1 , 5.  

Once  the  i n i ti a l  settings  of the  control  l im i ts  have  been  determ ined ,  veri fication  checks  wi l l  be  
requ i red  to  establ ish  whether the  anal yser i s  wi th in  l im i ts  (or i n  con trol ) .  The  frequency of 
ongoing  p lanned  maintenance  checks  shou ld  then  be  decided  by i n terpretation  of the  resu l ts.  

I n  the  absence of re l iab le  uncerta in ty data  for the  anal yser and  reference method ,  the  warn ing  
and  con trol  l im i ts  can  be  set as  a  good  starti ng  poin t at 6  %  and  8  %  of anal yser fu l l  scale  
deflection  respectivel y al l owing  immed iate  mon i toring  of anal yser performance.  Al ternativel y 
the  standard  deviation  and  hence chart l im i ts  can  be  determ ined  i n  operations  by in i tia l l y 
ca l ibrating  the  anal yser and  then  perform ing  a  m in imum  of e igh t veri fication  checks  wi thout  
further cal i bration  ad justments,  noting  the  data  each  time on  the  control  chart.  When  eight  or 
more  checks  have  been  completed ,  the  calcu lation  of standard  deviation  can  be  performed  
and  hence the  warn ing  and  con trol  l im i ts  can  be  derived .  An  example  calcu lation  i s  shown  i n  
Annex B .  I t  shal l  be  noted ,  however,  that these  techn iques  for in i tia l  l im i t setting  are  very 
approximate  and  wi l l  need  to  be  revised  as  experience  of the  anal yser performance i s  ga ined .  
Lim i t settings  shou ld  be  reviewed  after 20  or more  data  poin ts  are  obtained  ( i . e.  the  m in imum  
for the  standard  deviation  calcu lations  to  be  statistical l y s i gn i ficant).  

6.4 Analyser performance i nd icators  

6.4. 1  Key performance ind icators  (KPI)  

Analyser avai labi l i ty (service factor) .  The  anal yser i s  deemed  avai lable  when  i t  i s  on  
process  sample,  de l i vering  a  process  measurement wi th in  defi ned  uncertain ty l im i ts  and  there  
is  demand  for that  measurement.  Th is  i s  a  measure  of main tenance effecti veness .  

anal yser avai l abi l i ty (%)  =  1 00
time run process

time run process during uptime analyser
×  

Analyser u ti l i sation .  The  anal yser i s  deemed  u ti l i sed  when  avai l able  under the  defin i tion  of 
anal yser avai l abi l i ty and  being  used  by the  operator i n  the  control /management of the  
process.  

anal yser avai l abi l i ty (%)  = 1 00
time run process during uptime analyser

uptime analyser during operator theby  used time
×  

Analyser benefi t.  The  anal yser on l y adds  va lue  when  i t  i s  be ing  used  as  i n tended .  Th is  value  
can  be  measured  by defin ing  an  anal yser benefi t factor.  Th is  i s  the  product of anal yser 
avai labi l i ty and  anal yser u ti l i sation .  

anal yser benefi t (%)  =  1 00
time run process

uptime analyser during operator theby  used time
×  
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Equ ivalent analyser per techn ician  index (EQAT)  i s  a  measure  of main tenance s taff 

productivi ty.  

nicianstech analyser of number calculated total

analysers equivalent of number total
EQAT =  

Cost per equ ivalent analyser (CEQA)  i s  a  measure  of the  overal l  normal ised  cost of 

main ta in ing  anal ysers .  

CEQA =  
months 1 2 last in analysers equivalent of number average

months 1 2 last in costs repair analyser total
 

Repair costs  i nclude  a l l  d i rect costs  associated  wi th  perform ing  analyser repai rs.  Th is  
i ncl udes  tota l  l abour and  material  costs.  Cost shou ld  be  reported  i n  both  l ocal  cu rrency and  
converted  to  US  dol l ars.  

Manual  val idations  per equ ivalent analyser (MV/EQA)  i s  a  measure  of expended  effort  for 

key anal yser acti vi ty.  

months 1 2 last in analysers equivalent of number average

months 1 2 last in idationsval manual of number total

EQA

MV
=  

Total  number of va l idations  i ncludes  schedu led  as  wel l  as  unplanned  val i dations  carried  ou t.  

% Schedu led  manual  val idations  compared  to  total  number of manual  val idations  
performed  i s  a  measure  of key anal yser acti vi ty p lann ing  effectiveness .  

 Vtot.

 Vsch.
 =  1 00

performed dationsval i manual of number total

dationsvali manual scheduled of number total
×  

6.4.2  Addi tional  analyser performance ind icators  

Mean  time between  repairs  (MTBR)  i s  a  measure  of re l iabi l i ty,  preventative  maintenance 
(PM)  effecti veness  and  work activi ty l evel .  

MTBR (mon ths)  =  
months 1 2 last in repairs of number total

1 2analysers equivalent of number total ×
 

Mean  time  between  fai lu res  (MTBF)  i s  a  measure  of effectiveness  of the  preventati ve  

maintenance  (PM)  programme.  

MTBF  (months)  =  
months 1 2 last in repairs fai lure of number total

1 2analysers equivalent of number total ×
 

A ‘ fa i l u re  repair’  i s  defi ned  as  any work requ iring  a  d isassembly of an  anal yser system  to  
cl ean ,  repai r or replace  components  to  make the  anal yser ‘ fi t  for u se’ .  Th is  excludes  
va l i dations  where  on l y a  ca l i bration  ad j ustment i s  requ ired .  

Mean  time to  repair (MTTR)  i s  a  measure  of main tenance responsiveness  and  efficiency.  

MTTR (months  =  
months 1 2 last in repairs fai lure of number total

months 1 2 last in repairs fai lure on spent hours total
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% Schedu led  work compared  to  total  work  i s  a  measure  of PM  effectiveness .  

%  schedu led  work =  1 00
months 1 2 last in ventionsinter al l of number total

months 1 2 last in ventionsinter scheduled of hours total
×  

An  ‘ i n tervention ’  i s  a  repai r,  a  successfu l  or unsuccessfu l  va l i dation  or PM  action  where  no  
repai r was  made.  

% Val idations  in  control  compared  to  total  number of val idations  i s  a  measure  of 

effectiveness  of the  frequency of va l i dations.  

 

%  val i dations  wi th in  control  l im i ts  =  
tota l  number of successfu l  va l i dations  

i n  the  l ast  1 2  months  
tota l  number of a l l  va l idations  wi th in  

the  l ast  1 2  months  
×  1 00  

 

% Schedu led  work completed  on-time.  Compared  to  tota l  schedu led  work,  th is  i s  a  measure  

of effecti veness  of completing  the  PM  program  

 

%  schedu led  work completed  on  time  =  
tota l  number of p l anned  preventati ve  main tenance  

actions  completed  on  time  i n  the  l ast 1 2  months  
tota l  number of p l anned  preventati ve  main tenance  

actions  in  the  l ast  1 2  months  
 

% Root cause  i nd icator i s  a  measure  of ‘bad  actors’  and  i denti fies  areas  for improvement.  

 

%  root cause  ind icators  for each  category =  
tota l  number of repai rs  attributed  to  speci fic  root  

cause  category i n  the  last 1 2  months  
tota l  number of repairs  in  the  last 1 2  mon ths  ×  1 00  

 

The  speci fic root cause  categories  are  defined  as  fol lows:  

•  process  u ti l i ties ;  

•  l ack of or i ncorrect  main tenance;  

•  des ign  fau l t;  

•  manufacturing  fau l t;  

•  acceptable/expected  wear;  

•  unknown.  

6.4.3  Points  to  consider in  measurement of analyser avai labi l i ty  

6.4.3. 1  General  

The anal yser avai l abi l i ty va lue  is  derived  from  the  fol l owing :  

•  anal yser uptime;  

•  p lan t uptime.  

6.4.3.2  Analyser uptime 

Analyser uptime i s  measured  as  the  period  of time the  anal yser i s  operati ng  on  a  p lan t sample  
wi th in  the  accepted  l im i ts  of uncertain ty of measurement.  Th is  time needs  to  be  measured  
on l y during  the  periods  the  p lan t i s  runn ing .  
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Routine  cal i bration  checks  of the  anal yser (p lanned  main tenance)  or au tomatic val i dations  
wh ich  take  the  anal yser off l i ne  a l l  contribu te  to  reduction  i n  anal yser uptime as  th is  i s  i n  
effect pu tti ng  benefi t at  risk,  i . e .  the  control  system  may dri ft away from  the  optimum  during  
the  period  the  anal yser is  not g i vi ng  real  time  i n formation  to  the  control  system .  

I n  the  case  where  the  anal yser fai l s  a  rou tine  ca l i bration  check,  the  problem  of knowing  
exactl y when  the  fa i l u re  ( i . e .  accuracy going  out of l im i ts)  occurred  i s  d i fficu l t.  I n  the  absence 
of methods  to  back track via  other process  parameters,  wh ich  cou ld  be  used  to  i nd icate  the  
onset of the  anal yser resu l t going  ou ts ide  acceptable  l im i ts,  then  the  reduction  of uptime 
shou ld  be  taken  from  the  beg inn ing  of the  l ast  successfu l  ca l ibration  check.  

The  issue  of ca l i bration  fa i l u re  and  delegation  of downtime associated  wi th  th is  fai l u re  is  not  
un ique.  Obvious l y taking  the  fu l l  ca l i bration  i n terval  as  downtime i s  l ikel y to  overestimate  
downtime and  reflect bad l y and  unfai rl y on  performance.  The  cal i bration  i n terval  approach  can  
be  improved  s l i gh tl y by taking  hal f the  period  wh ich  wi l l  refl ect statis tica l l y the  average  effect  
(assum ing  a  normal  d is tribution  of ca l i bration  d ri ft) .  These  methods  are  very sens i ti ve  to  
cal i bration  i n terval  and  when  decid ing  on  cal i bration  frequency the  risk of a  l arge  reduction  in  
measured  avai lab i l i ty needs  to  be  balanced  against l oss  i n  avai l abi l i ty due  to  the  cal ibrations  
themselves.  The  best solu tion ,  however,  i s  to  try to  p i n -poin t  the  actual  time the  anal yser 
goes  ou t of ca l ibration  as  near as  possib le.  Th is  can  be  ach ieved  via  control  charting  
techn iques,  wh ich  requ ire  regu lar l aboratory sample  checking  and  a lso  operator proactive  
participation  i n  observing  process  trends  vis-a-vis  anal yser read ings  to  assess  whether 
anal ysers  become suspect.  

Catastroph ic fa i l u res  can  eas i l y be  i den ti fi ed  by operator observation  bu t the  more  subtle  
fai l u re  mode of s low dri ft i s  not so  easi l y detectable.  Con trol  charti ng  techn iques  combined  
wi th  a  s imple  l i near i n terpretation  between  the  last good  ca l i bration  resu l t  and  the  confi rmed  
ou t of ca l ibration  resu l t provides  a  workable  solu tion .  An  example  i s  shown  i n  F igure  1 0:  

 

Figure 1 0  – Example  of control  charting  wi th  l inear i n terpretation  

I n  the  case  where  the  anal yser fa i ls  a  va l i dation  test,  the  anal yser downtime can  be  taken  as  
starting  from  the  time of in i tiation  of the  val i dation ,  i . e .  when  the  operator notices  that the  
anal yser performance i s  suspect and  attempts  to  confi rm  performance.  However,  i f the  
anal yser passes  the  val i dation  test then  the  time the  anal yser was  off l i ne  wi l l  not coun t 
against avai lab i l i ty bu t  i t  wi l l  count against u ti l i sation  and  anal yser benefi t  va lue.  
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When  the  anal yser is  down  for corrective  maintenance,  the  uptime wi l l  on l y start once  the  
anal yser has  passed  the  ca l i bration  tests  and  p lan t sample  i s  restored .  

Routine/planned  maintenance work (exclud ing  ca l i bration  checking)  on  the  anal yser for 
clean ing ,  component inspection /replacement that requ i res  the  anal yser i s  taken  off l i ne  wi l l  
affect uptime and  the  anal yser wi l l  be  deemed  down  at the  start of th is  work.  Uptime wi l l  not  
re-start un ti l  the  anal yser has  passed  a  ca l i bration  check and /or p lant  sample  i s  restored ,  i . e .  
the  downtime  wi l l  i ncl ude  cal i bration  checks  that veri fy the  anal yser i s  avai l able  for p l an t use  
i f the  work may have  affected  cal i bration  (examples  are  detector replacement  and  column  
changes).  

NOTE  Not a l l  rou ti ne  main tenance  wi l l  n ecessi tate  a  cal i bration  check.  Th i s  wi l l  depend  on  the  natu re  of the  work,  
for example  fi l ter changes,  repl acement of system  components  such  as  fl ow meters,  pressure  gauges.  

6.4.3.3  Plant  run  time  

Plan t run  time  (a lso  known  as  p lant  up  time)  i s  importan t to  record  for the  calcu lation  of 
anal yser avai lab i l i ty as  i t  i s  on l y during  the  runn ing  of the  p lant that benefi ts  are  pu t at risk 
from  the  anal yser fai l i ng .  The  p lan t run  time can  be  measured  by mon i toring  p lant operating  
i nd icators  such  as  product fl ow or s tream  flow associated  wi th  the  particu lar anal yser.  P lan t  
downtime can  and  shou ld  be  used  as  an  opportun i ty to  carry ou t anal yser main tenance as  th is  
wi l l  improve  avai l abi l i ty.  

I f the  anal yser i s  t ied  i n to  a  process  i n formation  system ,  wh ich  is  configured  to  mon i tor for 
operator fl ags  and  sel f-d iagnostic fl ags  from  the  anal yser/sample  system/val i dation  systems,  
the  above  time can  be  au tomatical l y derived  wi th  the  au tomatic  generation  of avai lab i l i ty data.  

6.4.4  Points  to  consider in  measurement of operator u ti l i sation  

Uti l isation  depends  on :  

•  u se  made of the  anal yser measurements  to  con trol  the  p lant  – open  l oop  schemes;  

•  the  anal yser control  l oop  being  closed  – closed  l oop  schemes;  

•  manual  sampl ing  and  anal ysis  requests  at normal  l evels .  

The  u ti l i sation  factor wi l l  not refl ect anal yser main tenance or rou tine  checking  times  and  wi l l  
be  a  measure  of whether anal yser resu l ts  are  actual l y being  used  when  the  anal yser i s  
avai l able.  

Closed  l oop  schemes  shou ld  be  re lati vel y easy to  mon i tor wi th  i nd ication  of con trol  l oop  
status.  Open  loop  schemes  are  more  d i fficu l t.  These  can  be  mon i tored  by e i ther ga in ing  
operator confidence i n  the  on- l i ne  anal ys is  and  getti ng  prompt i n i tiation  of fau l t flags  when  the  
anal yser resu l t i s  suspect (preferred  method)  or by attempting  to  correlate  p lan t control  
ad j ustments  to  anal yser ou tpu t or to  l aboratory sample  resu l t  reporting  and  detecti ng  an  
i ncrease  i n  manual  sampl ing  requests.  

Other assessments  can  be  made  by dai l y routi ne  contact wi th  p lan t operators  by the  anal yser 
groups  to  d iscuss  problems/status  of anal ysers .  

With  avai l ab i l i ty data  col l ection  and  reporti ng ,  there  needs  to  be  a  method  of determ in ing  the  
d i fference between  u ti l i sation  and  avai labi l i ty data.  I f an  anal yser is  taken  off control  or the  
operator ra ises  a  fl ag  that the  anal yser resu l t  i s  suspect,  the  time between  the  suspect fau l t  
i n i tiation  and  veri fication  by the  anal yser group that there  was  i ndeed  a  problem  shou ld  be  
recorded  separatel y and  e i ther a)  assigned  to  the  avai labi l i ty ca lcu lation  i f a  fau l t i s  confi rmed  
or b)  ass igned  to  the  u ti l i sation  calcu lation  i f the  anal yser check shows  noth ing  wrong .  

I f a  problem  is  confi rmed  then  as  far as  avai lab i l i ty i s  concerned ,  the  anal yser downtime wi l l  
start a t the  operator i n i ti ated  fl ag  (or when  taken  off control )  up  to  restoration  of val i d  
measurements.  I f a  problem  is  not found  then  the  u ti l i sation  ca lcu lation  shou ld  use  the  time 
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from  in i ti ation  of the  fl ag  (or d isconnection  from  con trol )  t i l l  accepted  by operations  by 
restoration  of au tomatic con trol  and/or cancel l i ng  of the  operator in i tiated  fl ag .  

6.4.5  Points  to  consider in  measurement  of analyser benefi t  value  

The benefi t the  anal yser g ives  to  the  process  i s  proportional  to  the  percentage  of the  demand  
time  (process  uptime)  the  anal yser i s  g iving  correct process  s i gnals  and  being  used  for 
process  control .  Th is  i s  s imply the  product of avai l ab i l i ty and  u ti l i sation  measures.  

Benefi t measures  are  affected  whenever the  analyser is  offl ine  during  process  demand .  Thus  
cal i brations,  va l i dations,  rou tine  maintenance,  etc. ,  a l l  reduce  the  benefi t  va lue  regard less  of 
whether the  anal yser i s  proved  correct or not.  

6.4.6  Deriving  avai labi l i ty,  u ti l i sation  and  benefi t  measurement 

Figu re  1 1  below depicts  the  way that a l l  three  measurements  of avai labi l i ty,  u ti l i sation  and  
benefi t  can  be  ach ieved .  The  log ic appl i ed  can  be  implemented  through  manual  systems  but 
i deal l y i t  shou ld  be  au tomated  via  the  use  of p lant DCS systems  and  plant i n formation  
systems (e. g .  P I ) .  

 

Figure 1 1  – Deriving  avai labi l i ty,  u ti l isation  and  benefi t  measurement  

The approach  i s  to  a l l ocate  i npu ts  associated  wi th  anal yser avai labi l i ty and  those  wh ich  
d i rectl y affect u ti l i sation .  From  these,  anal yser uptime can  be  measured  and  by feed ing  back 
uptime  measurement s tatus  ou tpu t i n to  the  u ti l i sation  l og ic  the  anal yser benefi t  time  can  be  
measured .  

NOTE  The  'operator fl ag '  i s  fed  i n to  both  the  avai l abi l i ty and  u ti l i sation  gates.  ‘Val i dati on '  i s  a l so  fed  back i n to  the  
ava i l abi l i ty gate  by way of the  sample  s tream  selection  status  ( i . e .  i t  i s  impl i ci t  that  a  val i dati on  wi l l  take  the  
anal yser stream  off l i ne).  

Th i s  approach  s impl i fi es  the  way i n  wh ich  u ti l i sation /avai l abi l i ty i ssues  associated  wi th  val i dation/operator queri es  
on  anal yser performance  are  measured .  
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Measurement of the  process  uptime (p lant demand  time)  i s  used  wi th  anal yser uptime and  
benefi t  time  values  to  calcu late  the  three  requ i red  measurements .  

Anal yser va l i dations  or operator queries  on  anal yser performance are  addressed  by a  
separate  time function ,  wh ich  depend ing  on  the  final  ou tcome of the  anal yser performance  
query,  affects  the  fi nal  avai l ab i l i ty measure.  I n  the  case  of an  au tomatic val idation ,  s imple  
l og ic can  be  used  to  detect pass/fai l  s tatus  and  update  the  anal yser avai l ab i l i ty time as  
appropriate.  I n  the  case  of the  operator fl ag ,  provis ion  may be  needed  to  manual l y update  the  
avai labi l i ty timer as  appropriate  when  resetting  the  operator i n i tiated  flag  s tatus .  Th is  function  
shou ld  on l y be  effecti ve  during  process  uptime (p lan t demand  time) .  

6.4.7  Optimising  analyser performance targets  

6.4.7 .1  General  

The above measurements  serve  to  i nd icate  the  performance being  ach ieved  by the  anal ysers  
bu t does  not address  the  problem  of what i s  the  best target value  to  a im  for.  Too h igh  an  
avai l ab i l i ty target cou ld  resu l t  i n  excessive  maintenance  effort to  ach ieve  the  des i red  resu l t  
wh i l st  too  l ow a  target cou ld  resu l t  i n  benefi t  va lue  being  l ower than  necessary.  Analyser 
benefi t i nd icator target va lue  wou ld  demand  1 00  %  in  i solation  bu t th is  i s  impractica l  for the  
fol l owing  reasons:  

•  By thei r very natu re  of operation  and  complexi ty,  anal ysers  requ ire  regu lar ca l i bration  
checks  (the  best  method  be ing  by i n j ection  of reference samples  wh ich  take  the  anal yser 
off l i ne)  and  they wi l l  i nevi tabl y break-down  from  time to  time,  making  process  resu l ts  
unavai lable  ti l l  repai red  (both  these  effects  can  be  removed  i f d upl ication  i s  cons idered).  
Therefore,  for non-dupl icated  anal ysers,  these  factors  preclude  any poss ib i l i ty of 1 00  %  
avai l abi l i ty and  i n  effect define  the  maximum  possible  avai labi l i ty.  

•  The  i ncrease  in  avai labi l i ty fo l l ows  the  l aw of d im in ish ing  returns .  There  shal l  be  a  poin t 
where  the  i ncrementa l  cost of i ncreased  main tenance  effort s tarts  to  exceed  the  
i ncremental  benefi ts  to  the  process  that  can  be  ach ieved .  

To  optim ise  anal yser performance targets  there  needs  to  be  a  ba lance  between  anal yser 
maintenance costs  and  benefi t to  the  process.  U ti l i sation  targets  can  be  1 00  %  as  th is  i s  a  
matter of confidence i n  the  anal ysers  and  in  theory any downtime of the  anal yser shou ld  be  
due  to  genu ine  fau l ts  – th is  i s  dependent on  good  education  of operators  and  demonstration  
to  the  operators  of anal yser re l i abi l i ty.  Thus,  the  two main  factors  are  essentia l l y the  anal yser 
avai l ab i l i ty and  the  perceived  benefi t  of the  anal yser measurement to  the  process  con trol  
scheme.  

Anal yser avai labi l i ty re l ies  on  good  main tenance and  in  turn  th is  main tenance costs  money.  I n  
order to  try to  set real is tic targets  on  performance,  i t  i s  necessary to  have  a  good  method  of 
re lating  avai l abi l i ty to  main tenance effort.  Such  a  model  i s  proposed  below,  wh ich  
encompasses  the  basic i dea  that avai labi l i ty i s  sens i ti ve  to  th ree  main  factors:  

•  Maximum possible  avai labi l i ty.  Al l  ana l ysers  requ i re  a  m in imum  downtime to  cover 
ca l i brations  and  i nevi table  downtime due  to  breakdown .  

•  Overtime cover.  Normal  working  days  on l y cover a  l im i ted  time and  breakdowns  can  
occur any time wi th  a  time penal ty i f immed iate  cover i s  not  avai l able.  

•  An  exponential  relationsh ip  wi th  maintenance effort .  No  main tenance means  
avai l abi l i ty wi l l  approach  zero.  Also,  no  matter how much  effort  i s  appl i ed ,  avai l abi l i ty can  
on l y approach  a  maximum  depicted  by a  m in imum  off l i ne  time (cal ibrations  and  
breakdowns  wh ich  a l l  take  a  fin i te  time i rrespective  of how many people  are  avai lable  to  
do  the  work).  

Assessment of main tenance effort needs  to  defi ne  the  ideal  mann ing  level  wh ich ,  i f ach ieved ,  
wou ld  reduce the  exponentia l  re lationsh ip  men tioned  above to  un i ty.  An  equ ivalent anal yser 
concept can  be  used  as  a  tool  to  he lp  i n  assessing  the  ideal  techn ician  mann ing  l evel  
requ irements  for main tenance.  I n  assessing  the  i deal  mann ing  l evels ,  i t  shal l  a lso  be  
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appreciated  that not a l l  hours  worked  reflect the  anal yser downtime  wi th  estimates  of around  
50  %  of techn ician  time accoun ted  for by train ing ,  paperwork,  etc.  

The  suggested  model  i s :  

Percentage  avai l abi l i ty (A)  =  Amax  ×  Aovertime  ×  (1  – e
-m)  ×  1 00  

‘Amax’  i s  the  maximum  poss ib le  avai l abi l i ty based  on  cal i bration  frequencies  and  duration ,  
necessary routi ne/planned  main tenance  i nvolving  the  anal yser be ing  taken  off- l i ne,  and  mean  
time between  fa i l u res  (MTBF)  and  mean  working  time to  repair (MWTR).  

‘Aovertime ’  i s  the  effect of use  of overtime  for breakdown  work on  avai l ab i l i ty.  Anal yser fau l ts  
occurring  ou t of normal  working  hours  i ncur an  add i ti onal  penal ty.  Th is  i s  e i ther from  having  to  
wai t  un ti l  normal  hours  for correcti ve  action  or,  i f overtime  i s  agreed  for cal l -ou ts ,  add i ti onal  
hours  l ost i n  personnel  reach ing  the  s i te.  The  overtime factor wi l l  be  affected  by anal yser 
mean  times  between  fa i l u res  (MTBF),  mean  working  times  to  repai r (MWTR),  normal  cover 
times,  numbers  of anal ysers  and  numbers  of techn icians.  

‘m ’  i s  the  exponentia l  i ndex wh ich  covers  the  main tenance effort  aspect wh ich  is  essen tia l l y 
re lated  to  the  effect of under mann ing ,  tra in ing/experience  and  overtime  for schedu led  work.  

6.4.7.2  Maximum avai labi l i ty (Amax)  

'Amax'  depends  on  the  mean  time  between  fa i l u res  (MTBF),  mean  working  time to  repai r 
(MWTR),  cal i bration  time (C t) ,  ca l ibration  i n terval  (C i ) ,  routi ne  main tenance  time (RM t)  and  
rou tine  maintenance i n terval  (RM i ) :  
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The  variable  ‘RA ’  wi l l  d epend  upon  wh ich  bas is  the  MWTR,  MTBF,  C,  and  RM  values  are  
derived .  I f based  on  actual  average  values  for the  group  of anal ysers  concerned ,  then  RA =  1  
bu t i f based  on  va lues  attributed  to  an  equ iva len t anal yser then  RA  wi l l  be  the  ratio  of 
equ ivalent anal ysers  (NEQA)  to  actual  anal ysers  (N anal ysers) .  

6.4.7.3  Avai labi l i ty breakdown  overtime factor (Aovertime)  

The use,  or to  be  exact the  non-use,  of breakdown  overtime can  have  a  s i gn i ficant impact on  
avai l ab i l i ty because  breakdowns  during  weekends/n igh ts  have  to  wai t t i l l  normal  working  days  
for atten tion .  W i th  no  overtime and  cons idering  purel y random  breakdown  scenarios  then  the  
proportion  of breakdowns  out  of hours  wi l l  be:  
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Therefore  extra  yearl y downtime per anal yser that can  be  expected  wi th  no  overtime  worked  
(a l l owing  for weekends  and  assum ing  on  average  that  the  breakdown  occurs  i n  the  m idd le  of 
each  ‘ou t of hou rs’  t ime)  i s  as  fo l lows:  
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wh ich  equals  (assum ing  an  8  h  work day) :  
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analyser per hoursR785,0
MTBF

365
)1 4,9( A×××  

Therefore  the  maximum  effect on  avai lab i l i ty wi l l  be  the  add i tional  down  time per anal yser as  
a  proportion  of the  total  yearl y hours  wh ich  equals :  

AR
7608

1
785,0

MTBF

365
)1 4,9( ××××  

To  counteract th is  effect on  avai labi l i ty requ i res  use  of overtime and  the  theoretical  maximum  
overtime requ i rement wi l l  be:  

R)breakdowns hours of out of n(proportioMWTR
MTBF

365
×××  

wh ich  equals:  

 weekper hoursR0,785MWTR
MTBF

365
A×××  

From  the  above,  and  knowing  the  number of anal ysers  and  techn icians,  the  theoretica l  
maximum  overtime requ i red  can  be  estimated  and  depend ing  on  what proportion  of overtime 
between  zero  and  the  maximum  requ ired  is  employed  the  effect of overtime on  avai l ab i l i ty can  
be  calcu lated  and  re lated  to  the  overtime factor as  fol l ows:  

therotical  maximum  overtime per techn ician  =  A
TA

analysers
R0,785MWTR

MTBF

365
××××

N

N
 

where  

Nanal ysers  i s  the  number of anal ysers;  

NTA  i s  the  actual  number of techn icians  employed .  

Each  techn ician  normal  working  year i s  1  880  h ,  therefore  the  proportion  of overtime  requ ired  
i s :  

8801

1
R0,785MWTR

MTBF

365
A

TA

analysers
×××××

N

N
 

U s ing  these  l ast  two  equations  wi l l  enable  Aovertime  to  be  calcu lated  from :  



















−×−=

(4)
1)3(1A A

overtime
O

 

where  

OA  i s  the  actual  overtime expressed  as  a  fraction ,  i . e.  %  / 1 00  

wh ich  for standard  times  of 1  880  h  per year for techn icians,  a  working  day of 8  h  and  hours  in  
a  year as  8  760  (365  days)  reduces  to:  





























×××

××
−×−=

Aanalysers

TAAA
overtime

RMWTR0,1 524

MTBF
1

MTBF

R
3,01A

N

NO
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The  variable  ‘RA’  wi l l  depend  upon  wh ich  basis  MWTR and  MTBF values  are  derived .  I f based  
on  actual  average  values  for the  group of anal ysers  concerned ,  then  RA  =  1  bu t i f based  on  
va lue  attribu ted  to  an  equ ivalen t anal yser,  then  RA  wi l l  be  the  ratio  of equ iva lent anal ysers  to  
actual  anal ysers.  

6.4.7.4  The  exponential  i ndex ‘m’  

The exponen tia l  i ndex is  derived  as  fo l l ows:  

1
factor overtimefactor ski l l( TATI

TI −
××−

=
NN

N
m  

where  

NTI   i s  the  ideal  number of techn icians  requ i red ;  

NTA  i s  the  actual  number of techn icians  employed .  

Th is  equation  represents  the  degree  of under mann ing  expressed  i n  a  way to  produce a  
number of between  zero  and  i n fi n i ty for ‘m ’  for mann ing  levels  varying  from  1 00  %  to  0  %  of 
the  i deal .  Th is  means  a  range  of 0  to  1  for e -m.  For mann ing  l evels  that exceed  1 00  %  of the  
i deal ,  the  value  of ‘m ’  i s  l im i ted  to  zero  (negative  va lues  are  not a l lowed).  Note  that wi th  th is  
a lgori thm ,  s i gn i ficant effect on  avai labi l i ty on l y s tarts  when  mann ing  d rops  to  below 90  %  of 
the  i deal  wh ich  i s  not unreasonable  as  the  i deal  number wou ld  be  expected  to  cope  wi th  such  
short fa l l s  of up  to  1 0  %  (e. g .  l eave  cover)  in  the  short term .  However th is  i s  not an  i nd icator 
that mann ing  level  reduction  to  90  %  of the  i deal  can  be  j usti fi ed  as  a  l ong  term  measure  
because  i n  th is  case  l eave  and  s ickness  i s  pu tti ng  avai l ab i l i ty at much  h igher risk  (e. g .  a  
further 5  %  reduction  in  mann ing  ( to  85  %  ideal )  wi l l  have  an  effect of 0 , 3  %  and  1 0  %  
reduction  ( to  80  %  ideal )  an  effect of 1 , 8  %).  

The  'ski l l  factor'  i s  an  i nd icator of tra in ing /expertise  of the  techn icians  and  ranges  from  0  to  1 .  
For a  work force  that i s  wel l  tra ined  and  who  a l l  have  at l east three  years’  experience,  the  
number 1  i s  appl icable.  The  number wi l l  reduce proportional l y to  a  l evel  of experience  and  to  
numbers  of techn icians  wi th  l ess  experience.  

The  ‘overtime factor’  i s  an  ad justment for overtime used  to  improve  maintenance effort  over 
and  above  that  a l l owed  for ou t  of hours  breakdowns,  i . e.  that overtime  wh ich  i s  a l l ocated  for 
general  main tenance  such  as  i ncreasing  cover at  weekends  where  schedu led  work 
(ca l i brations,  rou ti ne  main tenance,  etc. )  i s  performed.  Th is  boosts  the  effecti ve  mann ing  l evel  
and  is  en tered  i n to  the  equation  as  a  factor greater than  un i ty,  for example  20  %  overtime  
g ives  a  factor of 1 , 2 .  

6.4.7.5  Ideal  number of techn icians  (NTI )  

I n  order to  derive  the  i deal  number of techn icians  requ i red  the  procedure  is  s impl i fied  i f the  
concept of equ ivalen t anal ysers  is  used .  

The  'number of equ iva len t anal ysers’  i s  based  on  anal ys is  of a l l  the  s i te  anal yser i nsta l l ations.  
I ts  derivation  i s  covered  i n  deta i l  i n  5. 5. 2.  

I n  summary,  th is  method  looks  at i nd ividual  parts  of the  i nsta l lation  (anal yser,  appl ication ,  
sample  system ,  s ignal  i n terfacing ,  numbers  of ou tputs)  and  a l l ocates  numbers  rang ing  from  
0, 1  to  2  (depend ing  on  the  part)  wh ich  are  then  added  together to  arrive  at a  va lue  for each  
i nstal lation .  The  tota l  poin ts  are  then  added  up  for the  s i te  and  then  th is  tota l  i s  ad j usted  for 
add i tional  aspects  of main tenance  work (project work,  comm ission ing ,  remed ial  work,  etc. ) .  
Corrections  can  be  posi ti ve  or negative  depend ing  on  whether th e  add i ti onal  aspects  are  
suppl ied  by the  anal yser maintenance group or the  support i s  suppl ied  by a  th i rd  party.  The  
poin ts  are  re lated  to  a  s tandard  anal yser equal l ing  1  and  the  number of these  anal ysers  wh ich  
can  be  mainta ined  by a  s i ng le  techn ician .  
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The  number of equ iva lent anal ysers  (NEQA)  requ i res  a  number of anal yser techn ician  hours  
per year to  main tain .  From  th is  can  be  derived  the  i deal  number of techn icians  requ ired  (NTI ) .  

6.4.8  Analyser maintenance  cost against  benefi t  

Having  derived  a  formu la  for relati ng  avai labi l i ty to  main tenance  effort,  the  effects  of cost of 
mann ing  l evels  against  the  benefi t  derived  from  ach ieving  anal yser avai l abi l i ty targets  can  be  
l ooked  at.  

Overal l  cost of main tenance,  wh i lst obviousl y of importance,  i s  not  an  i ssue  i n  optim is ing  
avai labi l i ty.  Costs  such  as  spares,  fixed  overheads ,  have  no  impact on  avai l abi l i ty and  the  
cost  of ach ieving  des ired  changes  in  avai labi l i ty.  I t  i s  the  relationsh ip  between  the  cost of 
i ncreas ing  or decreasing  present l evels  of avai l abi l i ty through  mann ing  l evel  ad justments  or 
overtime  ad j ustments  against improvements  i n  benefi t that i s  of re levance in  optim ising  
avai labi l i ty.  

Knowing  man-hour rates,  overtime rates,  and  the  benefi t  the  anal yser g i ves  to  the  process  i n  
monetary terms,  a  spread  sheet can  be  constructed  to  compare  i ncrementa l  cost to  
i ncremental  benefi t  and  to  l ook for the  optimum  avai l abi l i ty.  I deal  mann ing  levels  or i ncreased  
overtime  may not necessari l y be  the  most cost effective  solu tions  depend ing  on  the  
i ncremental  benefi t  derived  and  the  best solu tion  may be  to  set l ower avai l abi l i ty targets.  

The  above equations  can  be  appl i ed  i n  the  cost benefi t  anal ys is  to  l ook at s ing le  anal ysers ,  
speci fic g roups  of anal ysers  or the  tota l  anal ysers  on  s i te  as  l ong  as  the  re levant data  on  
benefi ts,  MTBFs  and  MWTRs used  are  speci fic  to  the  groups  cons idered .  For groups  of 
anal ysers,  the  use  of s imple  average  values  i s  envisaged .  I f ana l ysers  are  reduced  to  
equ ivalent anal ysers ,  care  shou ld  be  taken  to  u se  the  MTBF and  MWTR for the  equ ivalent  
anal yser a long  wi th  the  ratio  of numbers  of equ ivalen t anal ysers  to  actual  anal yser numbers.  

Annex E  shows  an  example  derived  from  using  the  equations  developed  i n  6 . 4 . 7  wi th  typica l  
average  anal yser maintenance  data  and  typica l  refi nery anal yser overal l  benefi t to  operations  
of 1 2  cen ts  i n  the  barrel .  The  effect of overtime for breakdown  main tenance i s  shown  a long  
wi th  comment on  use  of general  overtime to  make up  for under-mann ing .  I t  can  be  seen  that  
overtime for breakdown  maintenance,  wh i ls t improving  anal yser avai labi l i ty,  i s  not necessari l y 
cost-effecti ve  i f appl ied  to  a l l  ana l ysers .  On l y on  h igh  benefi t  ana l ysers  wi l l  the  overtime  
curves  start to  i ncrease  benefi t  – the  break poin t wi l l  be  dependent on  labour costs  and  
con tribu tion  of va lue  by the  anal yser to  the  process.  

6.5  Analyser performance reporting  

A key elemen t i n  ga in ing  management awareness  and  operator acceptance of anal ysers  is  i n  
the  way anal yser performance  and  benefi t data  i s  fed  back by formal  reporti ng .  

Reporti ng  shou ld  emphasise  the  posi ti ve  aspects  of anal yser performance and  value  to  the  
p lant operation  and  profi tabi l i ty.  Negative  aspects  such  as  benefi t l ost due  to  downtime or 
cost  of anal yser fai l u re  g ive  s trong  messages  that change  needs  to  be  made i n  main tenance.  

Mon th l y uptime calcu lations  can  be  qu ickl y col l ated  for an  area  or group  of anal ysers  i f the  
anal yser log  i ncludes  p lant downtime.  Once  col l ated  and  presented  as  a  table  wi th  poss ib l y a  
bar chart above i t  (see  Annex F  for an  example)  th is  can  be  d istributed  accord ing l y to  
operators  and  techn icians.  Seeing  actual  va lues  l ocal l y i n  th is  fash ion  a l l ows  the  values  to  be  
chal l enged /veri fied  and  can  help  address  any d issatisfaction  wi th  the  yearl y resu l ts  when  
col l ated .  Operations  are  often  surprised  i n i ti a l l y at  the  re lati ve l y h i gh  uptime va lues  that occur 
from  apparentl y ‘ troublesome i nstal lations ’  and  th i s  may help  avoid  un-cal l ed  for d issen t.  

Local  d is tribu tion  a lso  h igh l ights  problem  areas  to  the  techn icians  that a l l ow proactive  
strateg ies  to  be  focused  earl i er i n  the  year rather than  as  a  resu l t  of a  year-end  review.  
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An  example  of a  way to  present  uptime data  to  an  annual ,  or s im i lar period ic,  review meeting  
is  to  compi le  the  month l y i n formation  i n to  a  matrix  (see  Annex F  for an  example).  The  matrix  
offers  an  excel l en t overview of the  year’s  performance for the  complete  range  of anal ysers  on  
a  designated  area.  

I f months  of h igh  uptime  are  left  b l ank (typical l y >  99  %)  i t  i s  easy to  h igh l i ght key areas  of 
concern  and  effort to  h i gher management.  

The  matrix i s  especia l l y effecti ve  i f presented  wi th  the  month l y data  i n  the  document so  as  to  
a l l ow the  h i gh l i ghted  problem  areas  to  be  referenced  or ’ d ri l led  down  to ’  for a  more  complete  
and  detai led  p icture  of the  problem .  

The  matrix al l ows  further data  to  be  ascerta ined  from  i t  by ca lcu lating  average  month l y 
uptimes  for groups  or i nd ividual  anal ysers  and  when  a l l i ed  to  the  number of month l y 
breakdowns,  sh i ft  ca l ls ,  ca l l -outs,  etc.  (see  Annex F  for an  example)  a  complete  overview is  
possib le.  

When  previous  years ’  data  is  avai l able,  the  trends  offer an  i ns ight i n to  the  general  anal yser 
management performance,  i . e.  becom ing  better or worse.  

I f ana l yser effecti veness  data  i s  avai l able  as  a  resu l t  then  th is  completes  the  contribu tion  of 
the  anal ysers  and  may show areas  for improvement or encourage further i nvestment i n  
problem  areas  based  on  fact.  

Conversel y,  as  market s i tuations  change,  opportun i ti es  for mothbal l i ng  or removing  non-
effecti ve  anal ysers  may be  h i gh l i ghted ,  offering  the  chance  to  focus  resources  e lsewhere.  
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Annex A 
(informative)  

 
Equivalent analyser per technician  (EQAT)  

A.1  Part 1  – Calculated  technician  number worksheet 

Manufacturing  s i te/bus iness  un i t:  ____________________________ Date:  ___________ 

  Number of 
techn i cians  

Comments  

1 )  Ded icated  to  ana lysers   
(permanent employees)  

  

2 )  Part-time  on  anal ysers3   
(permanent employees)  

  

3)  Techn icians  on  contract    

4 )  Vendor main tenance  contracts4    

5 )  Mu l ti -craft  effort5   
(permanent  employees)  

  

 Total  calcu lated  techn ician  number    

 

NOTE  

1 )  Use  decimal  fractions  to  i nd icate  part-time  i nvolvement i . e .  0 , 5  for 6  months,  0 , 25  for 3  months.  Do  not  d i scount 
vacati ons.  

2)  Report  a l l  s taff i nvolved  i n  main tenance/val i dation  functions  on  permanentl y i nstal l ed  equ ipment  wh ich  wi l l  be  
i ncl uded  i n  the  equ i val ent  anal yser l i s t.  Th i s  d oes  not  i ncl ude  l aboratory anal ysers ,  portable  mon i tors  and  
personal  safety mon i tors.  

3)  Report  here  main tenance  personnel  who  do  anal yser work bu t  are  not  ded icated  to  anal ysers .  

4)  Report  here  any effort  from  ongoing  con tracted  vendor main tenance  and  repa i r services.  Note  the  vendor 
name(s)  i n  the  comment fi e l d .  

5)  Report  here  non  main tenance  personnel  who  carry ou t  anal yser work (schedu l ed  val i dati ons,  etc. )  and  note  the  
type  of work i n  the  comments  fie l d .  

A.2  Part 2  – Equivalent analyser inventory worksheet calculation  methodology 

Manufacturing  s i te/bus iness  un i t:  ____________________________ Date:  ___________ 

Instructions  

The equ ivalen t anal yser (EQA)  i nventory worksheet shou ld  i nclude  a l l  permanentl y i nsta l l ed  
anal ysers.  The  EQA worksheet shou ld  not i nclude  portable  anal ysers,  personal  safety 
mon i tors,  fl ame scanners,  corros ion  probes  and  l aboratory anal ysers.  I f anal yser techn icians  
are  responsib le  for work carried  ou t on  equ ipment not  incl uded  on  the  work sheet then  thei r 
effort to  main ta in  th is  equ ipment shou ld  be  d iscoun ted  from  the  tota l  number of anal yser 
techn icians’  ca lcu lation  (refer to  Part 1 ) .  The  s i te  i nd ividual  anal yser tag  l i s ting  sheets  
attached  to  th is  document can  be  used  to  faci l i tate  the  EQA calcu lation  and  completion  of the  
EQA i nven tory worksheet.  

Correction  factors  

The equ ivalency factors  g i ven  i n  the  table  i n  C lause  A. 3  (refer to  Part 3)  are  for one  anal yser,  
one  detector,  anal ys ing  one  stream ,  measuring  one  component or property.  

I f a  s i ng le  anal yser is  being  used  bu t has  more  than  one  detector,  or more  than  one  i n ternal  
swi tch ing  va lve,  or more  than  one  s tream  or i s  measuring /pred icti ng  more  than  one  
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component or property then  the  correction  factors  l i s ted  below shou ld  be  used  to  ad j ust the  
equ ivalent anal yser number.  The  tota l  obtained  from  the  correction  factor calcu lations  shou ld  
be  added  to  the  bas ic anal ysers ’  equ ivalency factor l i sted  i n  the  tab le  to  obtain  the  true  
equ ivalent anal yser number.  

1 )  Sum  al l  add i ti onal  detectors  and  mu l tip l y by 0 , 5.  

2)  Sum  al l  add i ti onal ,  i n ternal  swi tch ing  valves  for gas  chromatographs  and  mu l ti pl y by 0 , 1 .  

3)  Sum  al l  add i ti onal  s treams  and  mu l tip l y by 0 , 5.  

4)  Sum  al l  add i ti onal  components/properties  being  measured  and  mu l ti p l y by 0, 1 .  

EXAMPLE  Th ree  appl i ed  au tomation  chromatographs  of wh ich  one  analyses  two  streams  (1  add i ti ona l ) ,  one  has  
two detectors  (1  add i ti onal )  and  3  i n ternal  swi tch i ng  val ves  (2  add i ti onal ) ,  and  together they measure  seven  
components  (4  add i ti onal ) :  

Equ ivalen t  anal ysers  (EQA)  =  3  ×  1 , 5  +  1  ×  0 , 5  +  1  ×  0 , 5  +  2  ×  0 , 1  +  4  ×  0 , 1  =  6 , 1  
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A.3  Part 3  – Equivalent analyser inventory worksheet 

Manufacturing  s i te/business  un i t:  ______________________________________________________ Date:  __________________ 

  A xBEF  +C
det
 +C

SV
 +C

S
 +C

C
 =EQA 

Measurement  Techn ique  and  
comment 

No.  of 
operational  
anal ysers  /  
maintained  
equ ipment  

Base  
equ ivalency 

factor 

Correction  for 
add i tional  
detectors  

Correction  for 
add i tional  
swi tch ing  
valves  

Correction  for 
add i tional  
streams  

Correction  for 
add i tional  
components  

Total  
equ ivalent 
anal ysers  
(EQA)  

Acid  strength    2 , 5       

Analyser data  systems  For each  major 
component  excl ud ing  
anal ysers  

 0 , 1       

Analyser enclosu res          

 Enclosed  walk-i n  
shel ter 

Forced  ven ti l ated  
and/or a i r cond i ti oned  

 2 , 0       

Weather protection  
shel ter 

I ncl udes  th ree  s i ded  
shel ters  wi th  u ti l i t i es  

 0 , 3       

 Bas ic  anal yser cabinet    0 , 1       

Calorimeter 

Wobbe  i ndex 

Catal yti c  and  open  
fl ame 

 1 , 5       

CEM  – DAS/DHS  Standal one   0 , 5       

CFPP    1 , 5       

Chromatographs          

 Component anal ys i s  
vapou r i n j ecti on  

  1 , 5       

Component anal ys i s  
l i qu i d  i n j ection  

  2 , 0       

 GC – PTGC 
(Temperature  
programmed)  

  2 , 5       

GC – S im  d i st    2 , 5       

GC – Sparger   2 , 5       
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  A xBEF  +C
det
 +C

SV
 +C

S
 +C

C
 =EQA 

Measurement  Techn ique  and  
comment 

No.  of 
operational  
anal ysers  /  
maintained  
equ ipment  

Base  
equ ivalency 

factor 

Correction  for 
add i tional  
detectors  

Correction  for 
add i tional  
swi tch ing  
valves  

Correction  for 
add i tional  
streams  

Correction  for 
add i tional  
components  

Total  
equ ivalent 
anal ysers  
(EQA)  

         

C l oud  poin t    1 , 5       

Colour   0 , 4       

Composi te  sampler   0 , 5       

Crude  o i l  sampler   2 , 0       

Densi ty          

 Nuclear   1 , 0       

Vi brati on    0 , 5       

D i sti l l ati on          

 Atmospheric    1 , 5       

Vacuum    3 , 0       

D i ssolved  oxygen  Hydrocarbon   1 , 0       

F i re/smoke  detectors    0 , 2       

F l ash  po in t    1 , 5       

F l ue  gas  i n  s i tu          

 Oxygen    0 , 5       

Combustibles    0 , 5       

I R/UV  Cross  stack and  i n -
s i tu  

 1 , 0       

Parti cu lates  Opaci ty and  e l ectro  
dynam ic 

 0 , 5       

Freeze  poi n t    1 , 5       

Gas  detectors          

 F l ammable  Catal yti c,  sol i d  s tate  
and  IR  

 0 , 1       
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  A xBEF  +C
det
 +C

SV
 +C

S
 +C

C
 =EQA 

Measurement  Techn ique  and  
comment 

No.  of 
operational  
anal ysers  /  
maintained  
equ ipment  

Base  
equ ivalency 

factor 

Correction  for 
add i tional  
detectors  

Correction  for 
add i tional  
swi tch ing  
valves  

Correction  for 
add i tional  
streams  

Correction  for 
add i tional  
components  

Total  
equ ivalent 
anal ysers  
(EQA)  

Toxic  Sol i d  s tate,  
e l ectrochem  and  IMS  

 0 , 1       

Open  path  Hydrocarbon  and  
toxic  

 0 , 3       

Oxygen  defi ci ency   0 , 1       

Hydrogen  speci fi c  sensors    1 , 0       

I R/Vis/UV spectroscopic          

 Bas ic  I R/UV absorption    1 , 5       

Chem i l um inescent    1 , 5       

D iode  array   1 , 5       

FTIR/FTNIR   1 , 5       

Su lphur p l an t  feed ,  ta i l -
gas  and  su lphur p i t  

  2 , 5       

Tunable  d iode  l aser 
(TDL)  

  1 , 0       

L i qu id  sample  recovery u n i t    0 , 5       

Manual  sample  poi n t  (not  part  
of ana lyser sample  system)  

Where  main tained  by 
anal yser g roup  

 0 , 2       

Mass  spectrometer   2 , 0       

Mercury Atom ic  fl uorescence/ 
absorption  

 3 , 5       

Moistu re  Vibrati ng  crystal   1 , 0       

Moistu re  probe  Capaci tance  or sol i d  
s tate  

 0 , 5       

Octane          

 Octane  eng i ne  I f main tained  by 
anal yser g roup  

 1 0 , 0       
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  A xBEF  +C
det
 +C

SV
 +C

S
 +C

C
 =EQA 

Measurement  Techn ique  and  
comment 

No.  of 
operational  
anal ysers  /  
maintained  
equ ipment  

Base  
equ ivalency 

factor 

Correction  for 
add i tional  
detectors  

Correction  for 
add i tional  
swi tch ing  
valves  

Correction  for 
add i tional  
streams  

Correction  for 
add i tional  
components  

Total  
equ ivalent 
anal ysers  
(EQA)  

 Octane  eng i ne  
comparator system  

  4 , 0       

 Eng ine  protofuel  tank 
system  

On ly count  once  per 
system  

 4 , 0       

 FTIR/NMR   1 , 5       

Oxygen  (process,  extracti ve)  Paramagneti c,  
e l ectrochem  and  fue l  
cel l  

 1 , 0       

Paper tape    2 , 0       

pH  (process)    1 , 0       

Pour poin t    1 , 5       

Raman    1 , 5       

Refracti ve  i ndex   1 , 0       

Rheometers    3 , 0       

Rubber moistu re    1 , 0       

Su lphur i n  l i q u i ds  UVF,  XRF  and  X-ray 
absorption  

 2 , 0       

Thermal  conducti vi ty    1 , 0       

Ti trators    2 , 0       

Vapou r pressure    1 , 5       

Vi scosi ty Capi l l ary,  rotati onal ,  
vi brati ona l  and  fal l i ng  
object  

 1 , 5       

Water qual i ty          

 pH    0 , 5       

Conducti vi ty    0 , 5       

D i ssol ved  O
2

   0 , 5       
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  A xBEF  +C
det
 +C

SV
 +C

S
 +C

C
 =EQA 

Measurement  Techn ique  and  
comment 

No.  of 
operational  
anal ysers  /  
maintained  
equ ipment  

Base  
equ ivalency 

factor 

Correction  for 
add i tional  
detectors  

Correction  for 
add i tional  
swi tch ing  
valves  

Correction  for 
add i tional  
streams  

Correction  for 
add i tional  
components  

Total  
equ ivalent 
anal ysers  
(EQA)  

Turb id i ty    0 , 5       

TOC/TOD/COD    2 , 0       

S i l i ca/hardness    1 , 5       

Speci fi c  i on    1 , 5       

O i l  i n  water   1 , 5       

Water i n  o i l    1 , 5       

     Total  number of equ ivalen t anal ysers   
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Annex B  
(informative)  

 
Example in terpretation  of control  chart readings  

Examples  of i n terpretation  of con trol  chart read ings  are  g i ven  in  F igure  B. 1 ,  F igure  B .2 ,  
F i gure  B. 3  and  F igure  B . 4.  

 

Th is  chart  pattern  i s  i deal  
showing  di fferences  
d istribu ted  above  and  below 
the  aim  l i ne  wi th i n  the  warn i ng  
l im i ts .  

Cause:  Successfu l  system  

Action :  None  

Key 

CL =  control  l im i t  

WL =  warn ing  l im i t  

Figure B. 1  – Example of accurately d istributed  control  chart reading  

 

Th is  chart  pattern  has  six or more  
read ings  on  one  side  between  
the  Warn ing  Lim i t  and  the  Aim  
Line .  

Cause:  Zero  sh i ft/b ias  i n d icated  

Action :  Ad just  zero  

Key 

CL =  control  l im i t  

WL =  warn ing  l im i t  

Figure B.2  – Example of biased  control  chart reading  

X X X 

D i fference:  anal yser – reference  
 

WL 

CL  

CL  

WL 

Time   
X X X X 

       Aim  l i ne   

IEC  

X X X 

Di fference:  anal yser – reference  

X 
X 

X X 

WL 

CL  

CL  

WL 

       Aim  l i ne   Time   
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Th is  Chart  pattern  has  a  general  
d ri ft  towards  a  warn ing  l im i t.  

Cause:  Poss ibl e  prob lem  wi th  
system ,  chang ing  zero  or span  
error 

Action :  Cal i bration  check and  
mon i tor un ti l  fau l t  found  

Key 

CL =  control  l im i t  

WL =  warn ing  l im i t  

Figure B.3  – Example of dri fting  control  chart  reading  

 

Th is  chart  pattern  has  one val ue  
ou tside  a  warn ing  l im i t.  

Cause:  Possibl e  s i gn  of a  
developing  prob lem  wi th  the  
system  

Acti on :  Take  fu rther read i ng  

Key 

CL =  con trol  l im i t  

WL  =  warn ing  l im i t 

Figure B.4 – Example  of control  chart  read ing,  value outside warn ing  l imit  
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X 

X 

X X 

X 

Di fference:  anal yser – reference  
 

WL 

CL  

CL  

WL 

Time          Aim  l i ne   
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Di fference:  anal yser – reference  
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WL 

Time   
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Annex C  
(informative)  

 
Determination  of control  chart l imi ts   

by measuring  standard  deviations  of d i fferences  

The standard  deviation  i s  a  measure  of the  ‘ deviation ’  of the  values  of the  i nd ividual  data  
poin ts  as  measured  by the  anal yser compared  to  the  mean  value  of the  reference  
measurement.  The  ‘warn ing  l im i t’  i s  then  taken  as  twice  the  s tandard  deviation  and  the  
‘con trol  l im i t’  i s  taken  as  three  times  the  s tandard  deviation .   For example,  the  con trol  chart 
l im i ts  for a  d isti l l ati on  anal yser measuring  90  %  poin t wou ld  be  determ ined  as  fol lows  (see  
Table  C. 1 ) :  

Table  C. 1  – Example  d isti l l ation  analyser data for determin ing  control  chart  l im i ts  

Resu l t 
i ndex 

Time  Reference value  Anal yser resu l t  Di fference /  
deviation   

(anal yser-reference)  

Di fference squared   
or deviation  squared  

  °C  °C  °C  °C  

      

1  0800  1 44  1 40, 5  -3 , 5  1 2 , 25  

2  1 200  1 49  1 49, 5  0 , 5  0 , 25  

3  1 600  1 46  1 44, 5  -1 , 5  2 , 25  

4  2000  1 52  1 54  2  4  

5  0000  1 54  1 60, 5  6 , 5  42 , 25  

6  0400  1 46  1 44, 5  -1 , 5  2 , 25  

7  0800  1 48  1 47  -1  1  

8  1 200  1 48  1 46, 5  -1 , 5  2 , 25  

      

No.  of 
resu l ts  

 Mean   Sum  of d i fferences  Sum  of d i fferences  
squared  

  (sum  of va l ues/ 
number of va l ues)  

   

8   1 48, 4   0 , 0  66,5  

The  estimated  standard  devi ati on  of the  sample  data  i s  ca l cu l ated  as   
(square  root  of the  sum  of d i fferences  squared ,  d i vi ded  by the  number of resu l ts  m inus  1 )  

 

=  SQRT (  66, 5  /  (8  – 1 ))  =  SQRT (9, 5)  =  estimated  standard  deviation  3, 1  

 

 

The estimated  standard  deviation  can  be  used  to  set the  con trol  chart l im i ts .  

The  ‘warn ing  l im i t’  (WL)  i s  equal  to  2  ×  3 , 1  =  6 , 2  °C.  

The  ‘con trol  l im i t’  (CL)  i s  equal  to  3  ×  3 , 1  =  9, 3  °C.  

The  sum  of d i fferences  i n  the  table  i s  zero,  wh ich  ind icates  the  anal yser i s  not d isplaying  any 
particu lar b ias ;  therefore,  the  ‘aim  l i ne’  of the  con trol  chart wi l l  represent zero  deviation  
between  analyser and  reference  and  no  offset ad j ustment i s  needed .  

I t  sha l l  be  noted  that these  con trol  chart l im i ts  wi l l  d i ffer from  the  l im i ts  ca lcu lated  from  
standard  reference  test  uncertain ties  and  anal yser system  uncertain ties  as  the  measured  data  
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used  i ncludes  an  e lement of sample  hand l i ng  and  the  fact that  the  process  i tsel f i s  not steady,  
therefore  any non- l ineari ty i n  the  anal yser wi l l  a l so  be  i ncluded .  Th is  usual l y resu l ts  i n  wider 
l im i ts  being  set than  strictl y necessary.  

The  above  d isti l l ation  anal yser example  wou ld  produce  a  control  chart as  shown  i n  
F igu re  C. 1 .  

NOTE  Th is  example  i s  based  on  on l y e i gh t  data  poin ts  bu t  normal l y the  standard  deviation  i s  ca l cu lated  based  on  
a  m in imum  of 25  to  30  data  poi n ts .  

 

+  9 , 3  °C   

(3  ×  ESDev)  

+  6 , 1  °C  

(2  ×  ESDev)  

0  °C  

-  6, 1  °C  

( -2  ×  ESDev)  

- 9 , 3  °C  

( -3  ×  ESDev)  

Key 

CL =  con trol  l im i t  

WL  =  warn ing  l im i t 

Figure  C. 1  – Example determination  of control  chart  l im its   
by measuring  standard  deviations  

 

WL 

CL  

CL  

WL 

X 

X 
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Time          Aim  l i ne   

X 

X 
X X 

X
+
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Annex D  
( in formative)  

 
Adopting  a  maintenance strategy 

See  F igure  D. 1 .  

 

Figure  D. 1  – Determin ing  appropriate  maintenance strategy 

 

IEC  

Adopting  a strategy  

For each 

maintenance i tem 

consider a 

maintenance strategy 
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condition 

based  maintenance 

techniques 

apply? 
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condition  based 

maintenance techniques 

cheaper than 

fai lure? 

Yes Yes Implement condition  based 

maintenance strategy 

No No 

Implement operate to 

fai lure maintenance 

strategy 

No Yes 

Are 

fixed  time 

maintenance techniques 

cheaper than 

fai lure? 

Is unit l i fe 

consistent? 

No 
No 

Yes 

Is the 

consequence of failure 

significant? 

Implement fixed  time 

maintenance strategy 

Review strategy when 

plant/process changes 

Appropriate maintenance 

strategy applies 

No 

No 

Yes 

Yes Consider an 

upgrade strategy 

Is i t 

cost effective to 

“Design  out 

failure”? 

Is i t 

cost effective to 

“Design  in  
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Implement “Design  in  
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Implement “Design  out 

failure” strategy 
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Annex E  
(informative)  

 
Examples  of analyser cost against benefi t and  analyser performance moni toring  reports  

Examples  of anal yser cost against benefi t and  anal yser performance mon i toring  reports  are  shown  in  Table  E . 1 ,  Table  E. 2 ,  Table  E .3 ,  Table  E. 4 ,  
Table  E. 5,  F igure  E . 1  and  F igure  E. 2.  

Table  E. 1  – Analyser costs  versus  benefi ts  (1  of 2)  

Service Factor Data Breakdown Data

Ana lyser

Number 

of 

Ana lysers

Tota l  

Downtime  

per Ana lyser 

Group 

(hours/year)

Tota l  Time  

Ana lysers 

Not 

Required  

when  Down  

(hours/year)

Average  

Downtime 

per Ana lyser 

(hours/year)

Average  

Time 

Ana lyser Not 

Required  

when  Down  

(hours/year)

Average  

Downtime 

Factor per 

Ana lyser 

(%)

Average  

Process 

Need  

Factor 

(%)

Average  

Ava i labi l i ty  

to  Process 

per 

Ana lyser 

(%)

Average  

Uti l isa tion  

Factor per 

Ana lyser 

(%)

Tota l  

Breakdown  

Working  

Time  per 

Ana lyser 

Group 

(hours/year)

Tota l  

Number 

of 

Breakdow

ns per 

Ana lyser 

Group                 

(per year)

Average  

MTBF per 

Ana lyser 

(days)

Average  

MWTR per 

Ana lyser 

(hours)

Average  

Yearly  

Number of 

Breakdowns 

per 

Ana lyser 

(per year)

Average  

Yearly  

Breakdown 

Working  

Time  per 

Ana lyser 

(hours/year)

Disti l la tion  (S ingle  Point) 8 3205 417 400.63 52.13 95.43 99.40 96.02 99.47 591 108 27.04 5.47 13.50 73.88

Flash  Point 5 1385 146 277.00 29.20 96.84 99.67 97.17 99.61 262 60 30.42 4.37 12.00 52.40

C loud  Point 2 510 55 255.00 27.50 97.09 99.69 97.40 99.81 113 31 23.55 3.65 15.50 56.50

Freeze  Point 1 679 6 679.00 6.00 92.25 99.93 92.32 99.62 201 28 13.04 7.18 28.00 201.00

RVP 2 224 18 112.00 9.00 98.72 99.90 98.82 99.99 42 7 104.29 6.00 3.50 21.00

Density  (Liquid) 6 945 73 157.50 12.17 98.20 99.86 98.34 99.99 159 24 91.25 6.63 4.00 26.50

Oxygen  in  Flue  Gas 19 2770 3 145.79 0.16 98.34 100.00 98.34 99.95 695 91 76.21 7.64 4.79 36.58

Moisture 7 282 95 40.29 13.57 99.54 99.85 99.70 99.89 158 27 94.63 5.85 3.86 22.57

H2S  (Paper Tape) 2 289 240 144.50 120.00 98.35 98.63 99.72 99.98 43 21 34.76 2.05 10.50 21.50  
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Table  E. 1  (2 of 2)  

Calibration Data Routine Maintenance Data Validation Data

Ana lyser

Tota l  

Downtime  

for 

C a l ibration  

per 

Ana lyser 

Group 

(hours/year

)

Tota l  

Number of 

C a l ibration

s per 

Ana lyser 

Group                     

(per year)

Average  

C a l ibration  

Frequency 

per 

Ana lyser 

(days)

Average  

C a l ibration  

Time per 

Ana lyser 

(hours)

Average  

Number of 

C a l ibrations 

per 

Ana lyser 

(per year)

Average  

Yearly  

C a l ibration  

Time per 

Ana lyser 

(hours/year

)

Tota l  

Downtime  

for Routine  

Ma intenanc

e  per 

Ana lyser 

Group 

(hours/year

)

Tota l  

Number of 

Routine  

Ma intenanc

e  Actions 

per 

Ana lyser 

Group           

(per year)

Average  

Routine  

Ma intenance  

Frequency 

per 

Ana lyser 

(days)

Average  

Routine  

Ma intenanc

e  Time  per 

Ana lyser 

(hours)

Average  

Number of 

Routine  

Ma intenance  

Actions per 

Ana lyser             

(per year)

Average  

Yearly  

Routine  

Ma intenanc

e  Time  per 

Ana lyser 

(hours/yea

r)

Tota l  

Downtime  

for 

Va l idation  

per 

Ana lyser 

Group 

(hours/ye

ar)

Tota l  

Number 

of 

Va l idation

s per 

Ana lyser 

Group               

(per year)

Average  

Va l idation  

Frequency 

per 

Ana lyser 

(days)

Average  

Va l idation  

Time  per 

Ana lyser 

(hours)

Average  

Number of 

Va l idations 

per 

Ana lyser 

(per year)

Average  

Yearly  

Va l idation  

Time  per 

Ana lyser 

(hours/ye

ar)

Disti l la tion  (S ing le  Point) 153 54 54.07 2.83 6.75 19.13 4 1 2920.00 4.00 0.13 0.50 360 96 30.42 3.75 12.00 45.00

Flash  Point 70 28 65.18 2.50 5.60 14.00 7 2 912.50 3.50 0.40 1.40 168 56 32.59 3.00 11.20 33.60

C loud  Point 29 14 52.14 2.07 7.00 14.50 6 2 365.00 3.00 1.00 3.00 32 21 34.76 1.52 10.50 16.00

Freeze  Point 14 5 73.00 2.80 5.00 14.00 14 6 60.83 2.33 6.00 14.00 31 11 33.18 2.82 11.00 31.00

RVP 3 1 730.00 3.00 0.50 1.50 5 1 730.00 5.00 0.50 2.50 1 1 730.00 1.00 0.50 0.50

Density  (Liquid) 8 3 730.00 2.67 0.50 1.33 5 1 2190.00 5.00 0.17 0.83 3 2 1095.00 1.50 0.33 0.50

Oxygen  in  Flue  Gas 164 55 126.09 2.98 2.89 8.63 64 21 330.24 3.05 1.11 3.37 85 57 121.67 1.49 3.00 4.47

Moisture 35 11 232.27 3.18 1.57 5.00 65 9 283.89 7.22 1.29 9.29 68 19 134.47 3.58 2.71 9.71

H2S  (Paper Tape) 6 1 730.00 6.00 0.50 3.00 31 18 40.56 1.72 9.00 15.50 4 3 243.33 1.33 1.50 2.00
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Table  E.2  – Analyser techn ician  resources  

Number of Technic ians (Nta) 2. 00

Equivalent  Number with  Overtime to Boost  Shortage 2.26

Ideal Number of Technic ians (from complexity factor ca lculations) 2.40

       (Note:  This number should  be the unrounded ca lculated  va lue

                  entered  to at  least  two dec imal places)

Overtime for for Boosting  Man- Power Shortage (entered  as a  percentage) 13. 00%

Overtime for Breakdown Maintenance (entered  as a  percentage) 10. 00%

Total Overtime 23. 00%
 

 

Table  E.3  – Technician  ski l l  and  experience data  

3 yrs + 2 yrs + 1  yr + New

1 1

Calculated  Skill  Factor 0. 92

Maintenance Effort  Factor 1. 00

Technician Skill/Experience Data

Note :  Tota ls Must  Equal the Number of Technic ians (Nta)
 

 

Table  E.4 – Variation  of avai labi l i ty wi th  manning  l evels  and  overtime  

Enter Maximum Overt ime Range to be Reviewed  (%) 20% Overtime Entered  to Boost  Man- Power 13.00%

Enter Manning  Level Range Mimimum (%) 70% Maximum (%) 120% Overtime for Boosting   Man- Power    13 %

Variation of Availability with Manning Levels and Overtime
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Table  E.5 – S i tewide  average  analyser data  

Total Number of Analysers 52

Site Yearly Average Analyser Downtime Factor 97.74%

Site Yearly Average Availability based on Process Need Time 97.97%

Yearly Average Process Need Factor 99.77%

Site Yearly Average Utilisation Factor based on Validation Data 99.83%

Average MTBF (Days) 47.81

Average MWTR (hours/analyser) 5.7

Average Calibration Frequency (days) 110.35

Average Calibration Downtime (hours/analyser) 2.8

Average Routine Maintenance Frequency (days) 311 .15

Average Routine Maintenance Downtime (hours/analyser) 3.3

Average  Val i dation  Crequency (days) 71.35

Average  Val i dation  5owntime  (hours/analyser) 2.83

Ratio  of Technicians to  Analysers (Na/Nta) 26

Overall Maximum  Overtime Required to  Cover Breakdowns 47.26%

Overall Average Maximum  Availability Factor (Amax) 0.9935

Overall Average Overtime Factor (Aovertime) 0.9951

Overall Maintenance Effort Factor (1 -e^m) 0.9982

Overall Availability Reasonably Achievable for Entered Manning and Overtime Levels 98.68%

Average Working Time (hours/analyser/year) 56.67

Average Downtime (hours/analyser/year) 197.87

Analyser Downtime Related Technician Work Requirement Summary

Total Technician Breakdown Working Hours for Site/year 2264

Total Technician Routine Working Hours for Site/year 482

Total Technician Calibration Working Hours for Site/year 201

Technician Number Purely to  Accommodate Downtime Related Work 1 .57

Sitewide average analyser data
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Breakdown  overtime  – 1 0  %  

Overtime  for boosti ng  man-power – 1 3  %  

Figure E.1  – Ach ievable  avai labi l i ty against  manning  

 

Breakdown  overtime  – 1 0  %  

Overtime  for boosti ng  man-power – 1 3  %  

NOTE  

a)  Mann i ng  l evel  i n  th i s  example  i s  83  %  of i deal  – benefi t  and  avai l abi l i ty val ues  move  around  th i s  fi xed  poin t  on  
the  hori zon tal  axi s  depend i ng  on  overtime  costs  and  anal yser val ues .  

b)  1 3  %  overtime  to  boost manpower shortage  g i ves  maximum  benefi t  – th i s  represents  ra i s i ng  manpower effort  
to  94  %  of i deal  requ i red .  

c)  Breakdown  overtime  i s  not  cost-effecti ve  appl i ed  to  a l l  analysers  (average  val ue  too  l ow).  

d )  H igh  va l ue  ana lysers  wou ld  need  to  be  l ooked  at  i n d i vi dual l y to  assess  effecti veness  of breakdown  overtime.  

Figure E.2  – Ach ievable  benefi t  against manning  
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Annex F  
(informative)  

 
Typical  reports  for analyser performance moni toring  

Typical  reports  for anal yser performance mon i toring  are  shown  i n  F igure  F . 1  and  Table  F. 1 .  

 

Figure F . 1  – Uptime in  Plant  "A"  
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Table  F .1  – Resu l ts  of analyser performance  in  Plant  "A"  

Area  Anal yser Type  Tag  Uptime  SC   
sh i ft  cal l s  

LC   
l ab  checks  

F   
fau l ts  

EA Main  fai l ure  cause  

Uni t  1  1  Chromat AR1 … . .  1 00     2 , 6   

 2  Chromat AR1 … . .  1 00     2 , 6   

 3  H
2
 Puri ty  AR1 … . .  99, 9  1   1  1 , 5  F low ad justed  

 4  Chromat AR1 … . .  1 00     2 , 6   

 5  Chromat AR1 … . .  –    –   

 6  Chromat AR1 … . .  –    –   

 7  Chromat AR1 … . .  99, 9  2   2  2  F i l ter p l ugged  

 8  Oxygen  AR1 … . .  1 00     1   

 9  H
2
 AR1 … . .  99, 9  2    0 , 5  Probes  changed  over 

Un i t  2  1 0  H
2
S AR2… .  99, 9  1   1  1  Tape  changes  

 1 2  Oxygen  AR2… .  1 00     0 , 5   

 1 3  Oxygen  AR2… .  1 00     0 , 5   

 1 4  Oxygen  AR2… .  98, 1  3   3  0 , 5  Sample  fi l ter change/ad j usts  

 1 5  Oxygen  AR2… .  1 00     0 , 5   

 1 6  Oxygen  AR2… .  1 00     2 , 4   

 1 7  Chromat AR2… .  96, 7  2  1  1  2 , 5  P l ugg i ng ,  b l ocked  i n  vent  

 1 8  Chromat AR2… .  –    -   

Un i t  3  1 9  Tai l  gas  AR3… .  1 00     2 , 5   

 20  pH  AR3… .  99  1  3  1  1  S team  off by ops/now on -l i ne  

 21  Tai l  gas  AR3… .  97     0 , 5   

 22  Tai l  gas  O
2
 AR3… .  91 , 4  4   1  1 , 5  Steamed  ou t,  on -l i ne  23rd  

 23  Oxygen  AR3… .  0     0 , 5  Wai ti ng  for spares  

 24  S tack SO
2
 AR3… .  1 00     1   

Un i t  4  25  Moistu re  AR4… .  x     x  P l an t  not  requ i red  

 26  Moistu re  AR4… .  x     x  P l an t  not  requ i red  

 27  Moistu re  AR4… .  x     x  P l an t  not  requ i red  
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