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Preface 

Th is  preface,  as  wel l  as  al l  footnotes  and  annexes,  i s  i ncluded  for i n format ion  pu rposes  and  i s  
not  part  o f  ISA-TR5. 1 . 01 /ISA-TR77.40.01 -201 2  (R201 6) .  
 
Th is  document  has  been  prepared  as  part  of  the  service  of  I SA  toward  a  goal  of  un i form i ty i n  the  
fi e ld  o f  i nstrumentation .  To  be  of  real  value,  th is  document shou ld  not  be  stati c  bu t  shou ld  be  
subject  to  peri od ic  review.  Toward  th is  end ,  the  Society welcomes  al l  comments  and  cri ti ci sms  
and  asks  that  they be  addressed  to  the  Secretary,  Standards  and  Practices  Board ;  I SA;  67  
Alexander Dri ve;  P .  O.  Box 1 2277;  Research  Triang le  Park,  NC  27709;  Telephone  (91 9)  549-
841 1 ;  Fax (91 9)  549-8288;  E-mai l :  s tandards@isa.org .  
 
The  I SA Standards  and  Practices  Department  i s  aware  of  the  g rowing  need  for  atten tion  to  the  
metric  system  of  un i ts  i n  general ,  and  the  I n ternational  System  of  Un i ts  (SI )  i n  particu lar,  i n  the  
preparation  of  i nstrumentation  standards .  The  Department  i s  fu rther  aware  of  the  benefi ts  to  USA 
users  of  I SA standards  of  i ncorporating  su i table  references  to  the  SI  (and  the  metric  system)  i n  
thei r  business  and  professional  deal ings  wi th  other coun tri es .  Toward  th is  end ,  th is  Department 
wi l l  endeavor to  i n troduce  SI -acceptable  metric  un i ts  i n  al l  new and  revised  standards,  
recommended  practices,  and  techn ical  reports  to  the  g reatest  exten t  possible .  Standard for Use 
of the International System of Units (SI): The Modern Metric System ,  publ i shed  by the  American  
Society  for  Testi ng  &  Materials  as  I EEE/ASTM  SI  1 0 -1 0,  and  fu tu re  revis ions,  wi l l  be  the  
reference  gu ide  for  defi n i t i ons,  symbols,  abbreviati on s,  and  convers ion  factors.  
 
I t  i s  the  pol i cy of  I SA to  encourage  and  welcome the  participati on  of  al l  concerned  i nd i viduals  
and  i n terests  i n  the  development  of  I SA standards,  recommended  practices,  and  techn ical  
reports .  Parti cipation  i n  the  ISA standards -making  process  by an  i nd ividual  i n  no  way consti tu tes  
endorsement  by the  employer of  that  i nd i vidual ,  of  I SA,  or  o f  any of  the  standards,  recommended  
practices,  and  techn ical  reports  that  I SA develops.  
 
CAUTION  —  ISA DOES NOT TAKE ANY POSITION  WITH  RESPECT TO THE EXISTENCE OR  
VALIDITY OF ANY PATENT RIGHTS ASSERTED IN  CONNECTION  WITH  TH IS DOCUMENT,  
AND ISA DISCLAIMS LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING  
FROM THE USE OF THIS  DOCUMENT.  USERS ARE  ADVISED THAT DETERMINATION  OF 
THE VALIDITY OF ANY PATENT RIGHTS,  AND  THE RISK OF INFRINGEMENT OF SUCH  
RIGHTS,  IS  ENTIRELY THEIR  OWN RESPONSIBILITY.   
 
PURSUANT TO ISA’S  PATENT POLICY,  ONE OR MORE PATENT HOLDERS OR PATENT 
APPLICANTS MAY HAVE DISCLOSED PATENTS THAT COULD BE  INFRINGED BY USE OF 
THIS DOCUMENT AND EXECUTED A LETTER OF ASSURANCE COMMITTING  TO THE 
GRANTING  OF A LICENSE ON  A WORLDWIDE,  NON-DISCRIMINATORY BASIS,  WITH  A 
FAIR  AND REASONABLE ROYALTY RATE AND FAIR  AND REASONABLE TERMS AND 
CONDITIONS.  FOR MORE  INFORMATION  ON  SUCH  DISCLOSURES AND LETTERS OF 
ASSURANCE,  CONTACT ISA OR  VISIT www.isa.org /StandardsPatents .  
 
OTHER PATENTS OR PATENT CLAIMS MAY EXIST FOR WHICH  A DISCLOSURE OR 
LETTER OF ASSURANCE HAS NOT BEEN  RECEIVED.  ISA IS  NOT RESPONSIBLE FOR 
IDENTIFYING  PATENTS OR PATENT APPLICATIONS FOR WHICH  A LICENSE MAY BE 
REQUIRED,  FOR CONDUCTING  INQUIRIES INTO THE LEGAL VALIDITY OR SCOPE OF 
PATENTS,  OR  DETERMIN ING  WHETHER ANY LICENSING  TERMS OR CONDITIONS 
PROVIDED IN  CONNECTION  WITH  SUBMISSION  OF A LETTER OF ASSURANCE,  IF  ANY,  
OR  IN  ANY LICENSING  AGREEMENTS ARE REASONABLE OR NON-DISCRIMINATORY.  
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ISA REQUESTS THAT ANYONE REVIEWING  THIS  DOCUMENT WHO IS  AWARE OF ANY 
PATENTS THAT MAY IMPACT IMPLEMENTATION  OF THE DOCUMENT NOTIFY THE ISA 
STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.  
ADDITIONALLY,  THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,  OR 

EQUIPMENT.  THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE APPLICATIONS OR 
ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN HAZARDOUS 

CONDITIONS.  THE USER OF THIS DOCUMENT MUST EXERCISE SOUND PROFESSIONAL 

JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S PARTICULAR 
CIRCUMSTANCES.  THE USER MUST ALSO CONSIDER THE APPLICABILITY OF ANY 

GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH 

PRACTICES BEFORE IMPLEMENTING THIS STANDARD.  

ISA (www. i sa. org )  i s  a  nonprofi t  professional  association  that  sets  the  standard  for those  who  
apply eng ineering  and  technology to  improve  the  manag ement,  safety,  and  cybersecuri ty  o f  
modern  au tomation  and  con tro l  systems  used  across  i ndustry  and  cri ti cal  i n frastructu re.  Founded  
i n  1 945,  I SA develops  widely  used  g lobal  standards;  certi fi es  i ndustry professionals;  provides  
education  and  train ing ;  publ i shes  books  and  techn ical  arti cles;  hosts  con ferences  and  exh ibi ts;  
and  provides  networking  and  career development  prog rams  for  i ts  40, 000  members  and  400,000  
customers  around  the  world .  
I SA owns  Au tomation . com ,  a  l ead ing  on l ine  publ i sher of  au tomation -related  con tent,  and  i s  the  
found ing  sponsor of  The  Au tomation  Federati on  (www.au tomation federati on . org ) ,  an  association  of  
non-profi t  organ izations  serving  as  "The  Voice  of  Au tomation . "  Through  a  whol l y  owned  
subsid iary,  I SA bridges  the  gap  between  standards  and  thei r  implementation  wi th  the  I SA 
Securi ty  Compl iance  I nsti tu te  (www. i sasecure. org )  and  the  ISA Wi re less  Compl iance  I nsti tu te  
(www. isa1 00wci . org ) .  
 
The  fo l lowing  members  of  I SA-TR77.40  WG1  approved  th i s  document  for  reaffi rmation  i n  201 6:  
 
NAME COMPANY 
D.  Lee,  Chai r  ABB  I nc.  
J .  Weiss,  Manag ing  D i rector  Appl ied  Contro l  Solu tion s  LLC  
D.  Andrasik Consu l tan t  
C.  Carter  The  Fieldbus  Cen ter  
D .  Crow*  Schneider E lectri c  
A.  Davison  Fluor  Canada Ltd .  
O.  Fasasi  Shel l  P  &  T Dev Co  Ltd .  
W.  Hocking*  Schneider E lectri c  
P .  Ho l l i ngshead  Babcock &  Wi lcox  
E .  Hu tch ins  AEP/PSO 
R.  Marshal l  Con tro l  So lu tions  
N .  Pandey Techn isource  
M .  Pandya Sou thern  Company Services  I nc.  
D .  Roney AECOM  
K.  Sefton  Qatar Petroleum  
C.  Taft  Taft  Eng ineeri ng  I nc.  
D .  Turner  Tu rner Technology Pty.  Ltd .  
I .  Verhappen  I ndustrial  Au tomation  Networks ,  I nc.  
V.  Yi  PDVSA 
A.  Zad i raka AJ  Zad i raka LLC  
__________ 
*  One  vote  per company.  
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Foreword 
 
Functional  d iag rams  were  fi rst  employed  when  d iscrete  and  electric  analog  con trol  systems  were  
designed .  Associations  and  professional  societies,  such  as  Scien ti fi c  Apparatus  Makers  
Association  (SAMA) ,  I SA,  and  ISO,  provided  gu idel i nes  as  to  i ndustry use  of  functi onal  d iag rams.  
SAMA has  ceased  to  exist,  bu t  i ts  popu lar s tandard ,  PMC 22. 1 -1 981 ,  Functional Diagramming of 
Instrument and Control Systems ,  i s  cu rren tl y  avai lable  th rough  The  Measurement,  Con tro l  and  
Au tomation  Association  as  wel l  as  ISA.  Curren t  I SA standards  avai lable  for  i ndustry use  i nclude  
ANSI /ISA-5. 1 -2009,  Instrument Symbols and Identification,  and  I SA-5.2-1 976  (R1 992) ,  Binary 
Logic Diagrams for Process Operations .  Symbols  from  SAMA PMC 22. 1 -1 981 ,  Functional 
Diagramming of Instrument and Control Systems ,  have  been  i ncorporated  i n to  ANSI /ISA-5. 1 -
2009.  The  work wi th in  th is  techn ical  report  main tains  h istorical  practices  of  the  previous  and  
cu rren t  documents  and  expands  on  new algori thms  and  practi ces .  

 

Abstract 
 
Th is  techn ical  report  i s  an  extension  of  ANSI /ISA-5. 1 -2009.  The  i n ten t  of  th is  report  i s  to  provide  
fu rther  i n formation  and  practical  examples  on  the  usage  of  functional  d iag rams  for documenting  
appl i cation  software.  I t  i s  hoped  that  th is  report  wi l l  be  a  handy reference  to  design  eng ineers  
who  are  d i rectly  i nvo lved  i n  the  generation  or  review of  function al  d iagrams.   
 

Keywords 
 
fu nctional  d iag ram,  function  b lock symbols,  appl ication  software,  con tro l  al gori thm,  cascade  
con tro l ler,  mu l ti ple  i npu t  mu l ti ple  ou tpu t  con tro l ler,  symbol  l egend ,  P ID  con tro l ler  
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1  Scope 

The  scope  of  th i s  techn ical  report  i s  to  expand  on  and  i l l ustrate  usage  of  functi on  block symbols  
and  functions  and  to  prepare  examples  i n  development of  complex function  block symbols  and  
functions.  

2 Purpose 

The  purpose  of  th is  techn ical  report  i s  to  provide  advice  and  gu idance  i n  documenting  appl ication  
software  th rough  functional  d iag rams.   

3 Defini tions 

3.1  alarm:  
an  aud ible  and/or vi s ible  means  of  i nd icating  to  the  operator an  equ ipment  mal function ,  process  
deviati on ,  or abnormal  cond i ti on  requ i ring  a  response  [ANSI /ISA-1 8. 2-201 6]  
 
3.2  appl ication  software:  
software  speci fi c  to  a  user appl ication  tha t  i s  con figurable  and  i n  general  con tains  l og ic  
sequences,  perm issive  and  l im i t  expressions,  con tro l  algori thms ,  and  other codes  requ i red  to  
con tro l  the  appropriate  i npu t,  ou tpu t,  calcu lations,  and  decis ions  
 
3.3  binary:  
a term  appl ied  to  a  s i gnal  or  device  that  has  on ly  two  d iscrete  posi t ions  or s tates.  When  us ed  i n  
i ts  s implest  form ,  as  i n  binary s ignal  (as  opposed  to  analog  s ignal ) ,  the  term  denotes  an  on -off  or  
h igh - low state,  i . e . ,  one  wh ich  does  not  represent  con tinuously varying  quan ti t i es.  
 
3.4  control ler:  
any manual  or  au tomatic  device  or  system  of  devices  used  to  regu late  a  process  wi th in  defined  
parameters.  I f  au tomatic,  the  device  or system  responds  to  variati ons  i n  a  process  variable.  
 
3.5  control  station:  
a manual  l oad ing  station  that  provides  con trol - l oop swi tch ing  between  manual  and  au tomatic  
con tro l  mode.  I t  i s  also  known  as  an  au to -manual  s tation .  I n  add i tion ,  the  operator  i n terface  of  a  
d i stribu ted  con tro l  system  may be  regarded  as  a  con tro l  s tation .  
 
3.6  converter:  
a device  that  receives  i nstrument  s i gnal  i n formation  i n  one  form  and  transm i ts  an  ou tpu t  s ignal  i n  
another form .  An  i nstrument that  changes  a  sensor's  ou tpu t  to  a  standard  s ignal  i s  properl y 
designated  as  a  transmi tter,  not  a  converter.  Typical l y,  a  temperature  e lement  (TE)  may c onnect  
to  a  transm i tter  (TT) ,  not  to  a  converter (TY) .   
 
3.7  d ig i tal :  
a term  appl ied  to  a  s ignal  or  device  that  uses  binary d ig i ts  to  represen t  con tinuous  values  or 
d i screte  states   
 
3.8  d istributed  control  system:  
a system  that,  wh i le  being  functional l y  i n teg rated ,  consists  of  subsystems  that  may be  physical ly  
separate  and  remotely  l ocated  from  one  another  
 
3.9  function:  
the  pu rpose  of  or  an  action  performed  by a  device  
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3.1 0  functional  d iagram:  
the  practice  of  d iag ramming  appl ication  software  i n  i ts  basic  functional  form,  exclus ive  of  i ts  
operating  med ia  or  speci fi c  equ ipment  detai l  
 
3.1 1  legend  sheet:  
a sheet  o f  the  i nd ividual  symbols  and  i den ti fi cation  wi th  explanation   
 
3.1 2  log ic  signal :  
represen tation  of  i n formation  by a  set  o f  d i screte  values  i n  accordance  wi th  a  prescribed  law.  
These  values  are  represen ted  by numbers .  [ I SA-51 . 1 -1 979  (R1 993) ]  
 
3.1 3  log ic  system:   
decis ion -making  l og ic  equ ipment  wi th  i ts  associated  power suppl i es,  I /O  hardware,  and  sensing  
devices.  
 
3.1 4  macro:  
a set  o f  functions  combined  as  a  speci fi c  program  to  be  run  as  a  s ing le  task.  The  task i s  a  subset  
of the  control ler’s  prog ram  bu t  execu tes  repeated ly  for  s im i lar  devices  or  appl ications  wi th  
un ique  i npu ts  and  ou tpu ts.   
 
3.1 5  measurement:  
the  determ ination  of  the  existence  or th e  magn i tude  of  a  variable  [ I SA-51 . 1 -1 979  (R1 993) ]  
 
3.1 6  mul tiple  i nput  mu l tiple  output:  
an  algori thm/program ,  such  as  model  pred icti ve  con tro l ,  neural  networks,  etc. ,  that  computes  one  
or more  ou tpu t  demands ,  b iases,  or setpoin ts  based  on  mu l ti ple  i npu ts  
 
3.1 7  process:  
any operation  or  sequence  of  operations  i nvolving  a  change  of  energy,  s tate,  composi tion ,  
d imension ,  or other  properties  that  may be  defined  wi th  respect  to  a  datum  [ISA-51 . 1 -1 979  
(R1 993) ]  
 
3.1 8  process  measurement:  
the  acqu is i tion  of  i n formation  that  establ i shes  the  magn i tude  of  process  qual i t i es  [ ISA-51 . 1 -1 979  
(R1 993) ]  
 
3.1 9  process  variable:  
any variable  property of  a  process ;  used  i n  th is  s tandard  to  apply  to  al l  variables  other than  
i nstrument  s i gnals  [ I SA-51 . 1 -1 979  (R1 993) ]  
 
3.20  program:  
a repeatable  sequence  of  actions  that  defines  the  status  of  ou tpu ts  as  a  f i xed  re lationsh ip  to  a  
set  o f  i npu ts  
 
3.21  setpoint:  
also  cal led  target  value,  reference,  or  desi red  value .  Th is  i s  the  level  at  wh ich  the  con tro l l er 
shou ld  attempt  to  main tain  the  process  variable.  

4 Abbreviations (Acronyms)  

HMI  –  h uman  mach ine  i n terface  
I /O  –  i npu t/ou tpu t  
M IMO –  mu l ti ple  i npu t  mu l tiple  ou tpu t  
MOV –  motor  operated  valve  
PID  -  proportional  i n tegral  derivati ve  
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5 Preparation  of functional  d iagrams 

Th is  report  i s  concerned  wi th  the  functional  d iag rams  normal ly  prepared  i n  the  early  stages  of  
system  conception  from  the  mechan ical  or  process  f low sheet.  Functional  d iag rams  normal l y  are  
revised  and  kept  cu rren t  over the  complete  system  l i fe  cycle  as  system  design  progresses  
th rough  the  various  stages  of  negotiations,  quotation ,  con tract  award,  reduction  to  f i nal  
equ ipment,  system  checkou t,  i nstal lation ,  and  ongoing  system  enhancements .  They are  al so  
i ncluded  as  part  o f  the  system  i nstructions.   
 
The  functional  d iagrams  define  functi ons  of  a  con tro l  con figu ration  that  are  i ndependen t  o f  the  
hardware  and  fi rmware  of  the  con trol  system  used  for  process  au tomation .  Functional  d iag rams  
are  a  method  to  document  appl ication  software  and  transfer i n formation  for  implementation  i n to  
the  se lected  con tro l  system.  
 
A functi onal  d iag ram  may be  more  or  l ess  detai l ed ,  depending  on  i ts  i n tended  use.  The  amount  
of  detai l  i n  a  l og ic  d iag ram  depends  on  the  degree  of  refinement  of  the  l og ic  and  on  whether 
auxi l iary,  essen tial l y  non - log ic,  i n formation  i s  i ncluded .  Simpl i f ied  d iag rams  can  be  drawn  by  
om i tti ng  detai l s  that  may be  obvious .  
 
Th is  report  i s  i n tended  to  provide  su ffi cie n t  i n formation  to  enable  anyone  wi th  a  reasonable  
amount  of  process  and  i nstrumentation  knowledge,  who  i s  reviewing  documen ts  depicti ng  
process  measurement  and  con tro l ,  to  understand  the  means  of  measurement  and  con trol  o f  the  
process.   
 
Th is  report  i s  su i table  for  use  whenever reference  to  measurement  and/or  con tro l  
i nstrumentation ,  con tro l  devices  and/or functions,  or  software  appl ications  and/or  functi ons  i s  
requ i red  for  the  pu rposes  of  symbol i z ing  and  i den ti fi cation .  
 

5.1  Basic  symbols  

A log ic  symbol  comprises  an  ou tl i ne  or a  combination  of  ou tl i nes  together wi th  one  or  more  
qual i fying  i den ti fi cation s  and/or qual i fying  texts.  Basic  and  complex log ic  symbols  wi th  m in imum  
i npu ts  need  not  speci fy i npu t  names.  Log ic  symbols  wi th  mu l ti ple  i npu ts  can  have  i npu t  name  
i den ti fiers  to  speci fy  the  s ignal  functions  wi th in  the  algori thm.  New function  or  algori thm  symbols  
shou ld  represent  an  encapsu lated  software  component  ( i . e . ,  function  block)  that  exists  wi th in  a  
system’s  l ibrary.  
 

5.2  Advanced  symbols   

With  the  i n troduction  of  m icroprocessor-based  systems,  suppl iers  have  developed  advanced  
algori thms  that  are  not  represented  by p revious  PMC 22 . 1 ,  the  German  I ns ti tu te  for 
Standard ization  (D IN ) ,  the  I n ternational  E lectrotechn ical  Commission  ( IEC) ,  or  I SA-5. 1  
standards.  Wh i le  fo l lowing  the  i n ten t  of  these  standards,  suppl iers  e i ther create  a  new symbol  or 
g roup  existing  symbol s  to  represen t  the  new algori thm.  The  problem  occurs  i n  understand ing  
what  function  that symbol  real l y represen ts  and  the  symbol ’s  boundaries.  Thus,  advanced  
symbols  depict  new con trol  algori thms  via  a  combinati on  of  exi sting  symbols,  new con tro l  
algori thms  wi th  mu l t iple  funct ions,  and  new con tro l  algori thms  previ ously unavai lable  wi th  e lectric  
analog  systems.   
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