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Preface 

Th is  preface,  as  wel l  as  al l  footnotes,  i s  i ncluded  for  i n formation  purposes  on ly  and  i s  not  part  of  
ANSI /ISA-TR88.00.02-201 5.  

Th is  techn ical  report  has  been  prepared  as  part  o f  the  service  of  I SA,  the  I n ternational  Society o f  
Au tomation ,  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  period ic  review.  Toward  th is  end ,  the  
Society  welcomes  al l  comments  and  cri t i ci sms  and  asks  that  they be  addressed  to  the  Secretary,  
Standards  and  Practi ces  Board ;  I SA,  67  Alexander Dri ve;  P .O.  Box 1 2277;  Re search  Triang le  
Park,  NC  277099;  Telephone  (91 9)  549 -841 1 ;  Fax (91 9)  549-8288;  E-mai l :  
s tandards@isa. org .Th is  ISA Standards  and  Practi ces  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 ternati onal  System  of  Un i ts  (SI )  i n  
particu lar,  i n  the  preparati on  of  i nstrumentati on  standards,  recommended  practices,  and  techn ical  
reports.  The  Department  i s  fu rther  aware  of  the  benefi ts  of  USA users  of  I SA standards  of  
i ncorporati ng  su i table  references  to  the  SI  (and  the  metri c  system)  i n  the i r  business  and  
professional  deal i ngs  wi th  other  coun tries.  Toward  th i s  end,  the  Department  wi l l  endeavor to  
i n troduce  SI  and  acceptable  metric  un i ts  i n  al l  new and  revised  standards  to  the  g reatest  extent  
possible.  The  Metric  Practice  Gu ide,  wh ich  has  been  publ i shed  by the  I nsti tu te  of  E lectrical  and  
E lectron ics  Eng ineers  ( IEEE)  as  ANSI /IEEE  Std .  268 -1 992,  and  fu tu re  revis ions,  wi l l  be  the  
reference  gu ide  for  defi n i t i ons,  symbols,  abbreviati ons,  and  convers ion  factors.  

I t  i s  the  pol i cy  of  I SA to  encourage  and  welcome  the  participation  of  al l  concerned  i nd ividuals  and  
i n terests  i n  the  development  of  I SA standards.  Parti cipation  i n  the  ISA standards -making  process  
by an  i nd i vidual  i n  no  way consti tu tes  endorsement  by  the  employer  of  that  i nd ividual ,  of  I SA,  or 
of  any of  the  standards,  recommended  practices,  and  techn ical  reports  that  I SA develops.  

Th is  s tandard  i s  structured  to  fo l l ow the  IEC  gu idel ines.  Therefore,  the  fi rst  th ree  sections  d iscuss  
the  Scope  o f  the  standard ,  Normative References  and  Definitions,  i n  that  order.  

CAUTION  —  I SA ADHERES TO THE  POLICY OF THE  AMERICAN  NATIONAL STANDARDS 
INSTITUTE  WITH  REGARD  TO PATENTS.  I F  I SA IS  INFORMED  OF AN  EXISTING  PATENT THAT 
IS  REQUIRED  FOR USE  OF THE  STANDARD,  I T WILL REQUIRE  THE  OWNER OF THE  PATENT 
TO EITHER GRANT A ROYALTY-FREE  LICENSE  FOR USE  OF THE  PATENT BY USERS 
COMPLYING  WITH  THE  STANDARD OR A LICENSE ON  REASONABLE  TERMS AND  
CONDITIONS THAT ARE  FREE  FROM  UNFAIR  D ISCRIMINATION .  

EVEN  IF  ISA IS  UNAWARE OF ANY PATENT COVERING  TH I S  STANDARD,  THE  USER IS  
CAUTIONED  THAT IMPLEMENTATION  OF THE  STANDARD MAY REQUIRE  USE  OF 
TECHNIQUES,  PROCESSES,  OR  MATERIALS COVERED  BY PATENT RIGHTS.  I SA TAKES NO 
POSITION  ON  THE  EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT MAY BE  
INVOLVED  IN  IMPLEMENTING  THE  STANDARD.  ISA IS  NOT RESPONSIBLE  FOR IDENTIFYING  
ALL PATENTS THAT MAY REQUIRE  A LICENSE  BEFORE IMPLEMENTATION  OF THE  
STANDARD OR FOR INVESTIGATING  THE  VALIDITY OR SCOPE OF ANY PATENTS BROUGHT 
TO ITS  ATTENTION .  THE  USER SHOULD  CAREFULLY INVESTIGATE  RELEVANT PATENTS 
BEFORE USING  THE  STANDARD FOR THE  USER’S  INTENDED  APPLICATION .  

HOWEVER,  ISA ASKS THAT ANYONE REVIEWING  TH IS  STANDARD WHO IS  AWARE OF ANY 
PATENTS THAT MAY IMPACT IMPLEMENTATION  OF THE  STANDARD NOTIFY THE  ISA 
STANDARDS AND  PRACTICES DEPARTMENT OF THE  PATENT AND  ITS  OWNER.  
ADDITIONALLY,  THE  USE  OF TH IS  STANDARD MAY INVOLVE  HAZARDOUS MATERIALS,  
OPERATIONS OR EQUIPMENT.  THE  STANDARD CANNOT ANTICIPATE ALL POSSIBLE  
APPLICATIONS OR ADDRESS ALL POSSIBLE  SAFETY ISSUES ASSOCIATED  WITH  USE  IN  
HAZARDOUS  CONDITIONS.  THE  USER OF TH IS  STANDARD MUST EXERCISE  SOUND 
PROFESSIONAL JUDGMENT CONCERNING  ITS  USE  AND  APPLICABILITY UNDER THE  
USER’S  PARTICULAR CIRCUMSTANCES.  THE  USER MUST ALSO CONSIDER THE  
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APPLICABILITY OF ANY GOVERNMENTAL REGULATORY LIM ITATIONS AND  ESTABLISHED  
SAFETY AND  HEALTH  PRACTICES BEFORE IMPLEMENTING  TH IS  STANDARD.  

THE  USER OF TH IS  DOCUMENT SHOULD  BE  AWARE THAT TH IS  DOCUMENT MAY BE  
IMPACTED BY ELECTRONIC  SECURITY ISSUES.  THE  COMMITTEE  HAS NOT YET 
ADDRESSED  THE  POTENTIAL ISSUES IN  TH IS  VERSION .  

The  fo l lowing  people  served  as  acti ve  members  i n  the  revis ion  of  th is  document:  

NAME COMPANY 

David  Bel l  ATR Distributing  Co (Wonderware)  
Jerry Golden B&R Automation 
John Kowal  B&R Automation 
Marc Wolf B&R Automation 
Ryan Stel l  B&R Automation 
Carl  Bostrom Bosch  Rexroth  
Dave Chappel l  CMAa 
Arthur Smith  Corning  
James Hoban  Eaton  
Kevin  Pitts Eaton  
Doug  Buschor  E-Technologies 
John Spengler GE 
Niels Andersen Invensys 
Kent Knudsen  Krones 
Brian  Leboeuf Krones 
Uwe Keiter Lenze 
Lee Smith  Mettler Toledo 
Steven  Abramowski  Mi l ler Coors 
Jerry Yen Mitsubishi  Electric 
David  Kaley Mitsubishi  Electric 
Vi l i  Taukolo Mitsubishi  Electric 
Fabrice Bertin  Nestlé 
Tom Doney Nestlé 
Bryan  Griffen  Nestlé 
Toshiya Kitagawa Omron 
Tatsuru  Hyodo Omron 
Rick Schoonover Patti  Engineering  
Jeff Russel l  PepsiCo 
Murugan Govindasamy Pfizer 
Eelco van  der Wal  PLCopen 
Tom Egan PMMI  
Mark Ruberg  Pro Mach 
Christopher Thomas Pro Mach  (Axon)  
Gord Davison Pro Mach  (Edson)  
Jason  DeBruler Procter & Gamble 
Dan Amundson Procter & Gamble 
John Dart Rockwel l  Automation 
Dan Seger Rockwel l  Automation 
Yann  Renard Sidel  
Stephane Hacpi l le Sidel  
Mike Pieper Siemens Industry 
Rana,  Ajay S Siemens Industry 
Alexander Stukenkemper Siemens Industry 
Ol iver Welle Siemens AG 
Dewayne A Bruschi  SMC 
R Johnson SMC 
Doug  Meyer Yaskawa 
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The  fo l lowing  people  served  as  acti ve  members  i n  the  i n i ti al  creation  of  th is  document:  

NAME COMPANY 

Joseph  Jablonski  Acumence Inc 
Barry Kluener  Alexander & Associates 
David  Bel l  ATR Distribution  (Wonderware)  
Thomas Hopfgartner  B&R Automation 
Uwe Keiter  B&R Automation 
Gerd Hoppe Beckhoff 
David  Arens Bosch  Rexroth  
Dennis Brandl  BR&L Consulting  
David  Chappel l  CMAa-LLC 
Joe Faust Douglas Machine Company 
Dominik Gludowatz Elau  
Tom Jensen  Elau  
Andre Uhl  Elau  
David  Bauman  ISA / OMAC 
Alex Pereira KHS  
Randy Dwiggins Maverick Technologies 
Ron MacDonald Nestlé 
Eelco VanDerWal  PLCopen 
Mike Lamping   Procter & Gamble 
Ulrich  Arlt Rockwel l  Automation 
Darren  El l iott Rockwel l  Automation 
Brian  Hedges  Rockwel l  Automation 
John Dart Rockwel l  Automation 
Paul  Nowicki  Rockwel l  Automation 
Dan Seger Rockwel l  Automation 
Garth  Basson SAB Mil ler 
Larry Trunek SAB Mil ler 
Wi l l ie Lotz SAB Mil ler Brewing  Co.  
Fabian  Ochoa M.  SAB Mil ler Brewing  Co.  
Mario Broucke Siemens AG,  A&D 
Roland Heymann Siemens AG,  A&D 
Detlef Rausch  Siemens AG,  A&D 
Robert Frel ler Siemens AG,  F&B 
Dr.  Holger Grzonka Siemens Energy & Automation  
Mike Pieper Siemens Energy & Automation  
Mark DeCramer  WAGO 
Dr.  Tobias Voigt Weihenstephan University 
 
Th is  document  was  approved  for  publ i cation  by the  ISA Stand ards  and  Practi ces  Board  on  1  J u ly 
201 5.  
 
NAME  AFFILIATION 

N.  Sands,  Vice  Presiden t  DuPon t  
D .  Bartusiak ExxonMobi l  Research  &  Eng ineering  
P.  Brett  Honeywel l  I nc.  
E .  Cosman  OIT Concepts,  LLC  
K.  Demach i  Yokogawa Electric  Corp.  
B.  Dumortier  Schneider E lectric  
D .  Dunn  Consu l tan t  
J .  Federlei n  Federle in  &  Assoc.  I nc.  
B.  F i tzpatrick Wood  Group Mustang  
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J .  Jamison  Encana Corp.  
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I .  Verhappen  Orbis  Eng ineering  Field  Services  
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Foreword  

The  ISA88  commi ttee  has  defi ned  a  seri es  of  s tandards  addressing  the  batch  i ndustry  and  providing  
terminology and a consistent set of concepts and models for batch  manufacturing  plants and batch  control .   
These standards,  however,  were not defined in  the context of packaging  machines,  or machines that 
perform discrete operations.   As the ANSI/ISA88 batch  standard continues to evolve,  the context of the 
standard models may be extended to include the entire plant,  integrating  the software definitions of batch,  
packaging,  converting  and warehousing.   Currently,  as noted in  this report there is a need to begin  
consideration  of the ANSI/ISA88 standard in  the context of di ffering  automated machinery.    
 
This is an  informative document.   This document contains implementation  guidel ines in  order to establ ish  
a common presentation  and high  level  software architecture or layout.   The terms and definitions used in  
this document are harmonized,  as much as possible,  with  ANSI/ISA-88.00.01 ;  the document is not definitive 
in  this respect.   The models used,  and appl ied,  in  this document are an  extension of the models presented 
in  ANSI/ISA-88.00.01  and are shown how they are appl ied to di ffering  machine functionali ty.   Discrete 
machine functionality is expressed  graphical ly in  several  situations and described.  The intent of this 
document is proposing  specific implementation  options and indicates a preference for a specific set of 
machine types.  
 
In  201 3 this document was updated for three reasons:   to simpl ify the document and enable easier adoption,  
to clarify existing  materials and make them easier to apply and to make i t more complete,  including  the best 
approaches being  used to implement.   Major changes include addition  of a minimum set of PackTags,  a 
minimum set of states and removal  of examples and MES definitions not central  to the document’s purpose.   
Other changes addressed in  this revision  are:   improved definition  of suspending  and holding,  transition  
between  modes,  blocked and starved tags,  stop reasons,  and warnings.  
 
Publ ication  of th is technical  report that has been  registered  with  ANSI  has been  approved by ISA,  67 
Alexander Drive,  Research  Triangle Park,  NC 27709.  This document is registered as a technical  report 
according  to the Procedures for the Registration  of Technical  Reports with  ANSI.  This document is not an  
American  National  Standard and the material  contained herein  is not normative in  nature.  Comments on  
the content of this document should  be sent to ISA,  67 Alexander Drive,  Research  Triangle Park,  NC 27709.  

Abstract  

The  approaches  used  i n  programming  d iscrete  mach ines  today  are  general l y  considered  to  be  
so le ly  dependen t  on  the  mach ine  and  the  software  eng ineer,  or  con trol  systems  programmer.  Th is  
constan t  change  offers  l i tt le  add i tional  value  and  general l y i ncreases  the  total  costs,  from  the  
design ing  and  bu i ld ing  of  the  process  to  operating  and  main tain ing  the  system  by the  end  user.   
Th is  techn ical  report  on  the  implementation  of  ANSI /ISA-88. 00.01  i n  d i screte  mach ines  breaks  th is  
parad igm  and  demonstrates  how to  apply  the  ANSI /ISA-88. 00.01  s tandard  concepts  to  au tomated  
mach ine  s tates  and  modes.   Th is  techn ical  report  g i ves  examples  of  general  and  speci fi c  mach ine  
state  models  and  procedural  methods.   The  report  ci tes  real  con tro l  examples  as  implementations,  
and  provides  speci fi c  tag  nam ing  conven tions;  i t  also  ci tes  a  number of  common  terms  that  are  
consisten t  wi th  batch  processing  and  ANSI/ISA-88.00.01 .  
 

Key words  

state  mach ine,  s tate  model ,  mode  manager,  mach ine  state,  un i t  con tro l  mode,  PackML,  s tate  
commands,  command  tags,  s tatus  tags,  admin istration  tags,  base  state  model ,  functi onal  
programming ,  modu lar programming ,  mach ine  con tro l  software,  d i screte  mach ine  software,  
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In troduction  

When  the  ANSI /ISA-88.00.01  standard  i s  appl ied  to  appl ications  across  a  p lan t,  there  i s  a  need  to  
al i gn  the  term inolog ies,  models  and  key defin i t ions  between  d i fferen t  process  types :  con ti nuous,  
batch ,  and  d iscrete  processes.   D iscrete  processes  i nvo lve  mach ines  found  i n  the  packag ing ,  
converting ,  and  material  hand l ing  appl i cat ions.   The  operati on  of  these  mach ines  i s  typical l y  
defi ned  by the  OEM,  system  i n teg rator,  end  user,  or  i s  i ndustry  speci fi c.  
 
A task g roup wi th  members  from  technology providers,  OEMs,  system  i n teg rators,  and  end  users  
was  chartered  by the  OMAC (Organ ization  for  Mach ine  Au tomation  and  Control )  Packag ing  
Workgroup.   The  task g roup  generated  the  PackML gu idel ines  as  a  method  to  show how the  
ANSI /ISA-88. 00.01  concepts  cou ld  be  extended  i n to  packag ing  mach inery.   Th is  techn ical  report  
i s  i n tended  to  bu i l d  upon  and  formal ize  the  concepts  of  the  PackML gu idel i nes  and  to  show 
appl ication  examples.  
 
The  pu rpose  of  the  techn ical  report  i s  to :  
 

o  Defi ne  a  s tandard  state-based  model  for  au tomated  mach ines.  

o  I den ti fy  defin i t ions  for  common  term inology.  

o  Explain  to  practi t ioners  how to  use  state  programming  for  au tomated  mach ines.  

o  Provide  references  to  actual  implementation  examples  and  templates  from  
au tomation  and  con tro l  vendors.  

o  I den ti fy  a  common  tag  structu re  for  au tomated  mach ines  i n  order to :  

  Provide  for “connect  &  pack”  functional i ty  

  P rovide  functi onal  i n teroperabi l i ty  and  a  consisten t  l ook and  feel  across  the  
plan t  fl oor.  

  P rovide  consisten t  tag  structure  for  connection  to  p lan t  MES  and  en terprise  
systems.   
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Machine  and  Uni t  States   
ANSI /ISA-TR88.00.02-201 5  

 

1  Scope 

Since  i ts  i nception ,  the  OMAC Packag ing  Mach ine  Language  (PackML)  g roup has  been  us ing  a 
variety  of  i n formation  sources  and  techn ical  documents  to  defi ne  a  common  approach ,  or  mach ine  
language,  for  au tomated  mach ines.   The  primary goals  are  to  encourage  a  common  “ look and  feel ”  
across  a  p lan t  fl oor,  and  to  enable  and  encourage  i ndustry i nnovation .   The  PackML g roup  i s  
recogn ized  g lobal l y and  consists  of con trol  vendors,  OEM’s,  system  in tegrators,  un iversi ties,  and  
end  users,  wh ich  co l laborate  on  defin i t ions  that  endeavour to  be  consisten t  wi th  the  I SA88  
standards  and  consisten t  wi th  the  technology and  the  chang ing  needs  of  a  majori ty  o f  au tomated  
mach inery.   The  term  “mach ine”  used  in  th is  report i s  equ ivalen t to  an  I SA88  “ un i t” .   
 
Th is  has  l ed  to  the  fo l lowing :  
1 .  A defi n i t ion  of  mach ine/un i t  s tate  types  
2 .  A defi n i t ion  of  mach ine/un i t  con tro l  modes  
3 .  A defi n i t ion  of  un i t  con tro l  mode  management  
4.  State  models,  s tate  descriptions,  and  mode  and  state  transi ti ons  
5.  A defi n i t ion  of  the  m in imum  PackTags  requ i red  for  performance  mon i tori ng  

2  References  

The  fo l l owing  documents  con tain  provis ions  that  are  referenced  i n  th i s  text.  At  the  time  of  
publ i cation  the  ed i tions  i nd icated  were  val id .  Al l  documents  are  subject  to  revis ion ,  and  parties  to  
ag reements  based  on  th i s  techn ical  report  are  encouraged  to  i nvestigate  the  possibi l i ty  of  applying  
the  most  recent  ed i tions  of  the  reference  documents  i nd icated  below.   

 ANSI /ISA-88.00.01 -201 0,  Batch  Con tro l  -  Part  1 :  Models  and  Term inolog ies  

 I SA-88.00.02-2001 ,  Batch  Con trol  -  Part  2 :  Data Structu res  and  Gu idel ines  for  Languages  

 ANSI /ISA-88.00.03-2003,  Batch  Contro l  -  Part  3 :  General  and  Si te  Recipe  Models  and  
Represen tati on  

 ANSI /ISA-88.00.04-2006,  Batch  Con tro l  -  Part  4:  Batch  Production  Records  

 I SA Draft  88. 00.05  Batch  Contro l  -  Part  5 :  Implementation  Models  &  Term inology for Modu lar 
Equ ipment  Con tro l  

 I EC  61 1 31 -1  Programmable  con trol lers  –  Part  1 :  General  I n formation  

 I EC  61 1 31 -3  Programmable  con trol lers  -  Part  3 :  Programming  Languages  

 I EC  TR61 1 31 -4  Programmable  con tro l lers  -  Part  4:  User Gu idel ines  

 PLCopen  TC5  Safety Software   

 Weihenstephan  Standard  –  Part  2  Version  2005  www.weihenstephaner-
standards.de/index.php?id=2&L=1  

 ANSI /ISA-95.00.01 -201 0  ( IEC  62264-1  Mod)  En terprise  –  Con tro l  System  I n tegrati on  -  Part  1 :  
Models  and  Term inolog ies  

 ANSI /ISA-95.00.02-201 0  ( IEC  62264-2  Mod)  En terprise  –  Con tro l  System  I n tegrati on  -  Part  2:  
Object  Model  Attribu tes  

 ANSI /ISA-95.00.05-201 3,  En terprise  -  Con tro l  System  I n teg ration  -  Part  5 :  Business- to-
Manu factu ring  Transactions  

 D IN  8782,  Beverage  Packag ing  Technology;  Term inology Associated  wi th  Fi l l i ng  P lan ts  and  
thei r  Consti tuen t  Mach ines  
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 www.omac.org  –  Organ ization  for  Mach ine  Au tomation  and  Con tro l  Websi te  

 I SA-TR88.00.02-2008  –  The  ori g inal  ed i ti on  of  th i s  techn ical  report.  

 I SO 22400  Au tomation  Systems and  I n tegration  –  Key performance  i nd icators  (KPIs)  for  
manu factu ring  operations  management.  

3  Overview 

3.1  In troduction  

Automated  mach ine  programming  i s  typical l y  done  by software  eng ineers,  mach ine  designers,  and  
system  in teg rators.   The  form  and  styl e  of  the  mach ine  software  ranges  from  modu lar,  to  monol i th ic  
i n  nature.   The  objecti ve  of  th is  report  i s  to  speci fy  the  appl ication  of  a  common  software  
methodology that  i s  consisten t  wi th  the  modu lar programming  of  au tomated  mach inery as  
described  i n  the  draft  I SA-88.00. 05  standard .   The  naming  of  speci fi c  software  components,  or  
operational  aspects,  i s  dependent  on  the  needs  of  the  au tomated  mach ine.   Th is  report  shal l  be  
i n terpreted  i n  a  general  sense  to  encompass  al l  au tomated  mach inery.   I t  i s  focused  on  the  overal l  
operation  and  functional i ty  o f  au tomated  mach ines.  Th is  document  enables  a  consisten t  method  
of  mach ine  i n terconnection  and  operabi l i ty.   The  d iag rams  and  examples  shown  i n  the  report  are  
speci fi c  i n  terms  of  the  functional i ty  they provide  bu t  can  be  implemented  i n  vari ous  ways  to  f i t  
most  au tomated  mach inery and  mach ine  con trol lers;  therefore  the  fi gures  do  not  fo l low ISO/IEC 
1 9501 :2005  for  depiction  of  software  fl ow.  
 
I f  au tomated  mach inery i s  model led  i n  an  ANSI /ISA-88.00.01  physical  h ierarchy,  the  example  
mapping  shown  i n  Figure  1  i s  possible .  The  example  i n  th is  document  wi l l  assume that  a  mach ine  
can  represent  the  un i t  l evel  i n  the  ISA88  h ierarchy.  
 

 

Figure  1 :  Automated  mach ines  appl ied  to  ANSI /ISA-88.00.01  physical  model   
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Furthermore,  the  objective  of  th is  document  i s  to  provide  a  defin i t i on  of  mach ine  (un i t)  modes  and  
states,  as  wel l  as  state  models  correspond ing  to  the  d i fferen t  mach ine  (un i t)  modes.   I n  th is  
example  appl ication  of  AN IS/ISA-88.00.01 ,  the  use  of  the  state  model  and  un i t  modes  are  
extensible,  bu t  the  methods  govern ing  the  way i n  wh ich  the  modes  and  states  are  used  i s  not.   
Th is  techn ical  report  demonstrates  the  f lexibi l i ty  and  ease  i n  wh ich  th i s  method  can  be  
implemented  i n  terms  of  I SA88,  as  wel l  as  how i t  provides  the  “common  look and  feel ”  desi red  in  
au tomated  mach ines.  Th is  model  on ly  constrains  the  standard  names  and  semantics  for common ly  
used  h i gh  l evel  mach ine  states  as  per a  Base  State  Model .   
 
The  ANSI /ISA-88.00.01  s tandard  describes  example  modes  and  states  as  appl ied  to  equ ipment 
en ti t i es  and  procedural  e lements.  Th is  report  i den ti fies  un i t/mach ine  modes  and  states  wh ich  
shou ld  be  considered  an  extension  of  the  examples  i n  the  ANSI /ISA-88. 00.01  s tandard  i n  order to  
meet  the  needs  of  au tomated  mach i ne  processing .  
 

3.2  Personnel  and  envi ronmental  protection  

 
The  personnel  and  envi ronmental  protection  con trol  acti vi ty provides  safety  for  people  and  the  
envi ronment.  No  con trol  acti vi ty  shou ld  i n tervene  between  personnel  and  envi ronmental  protection  
and  the  fi e ld  hardware  i t  i s  designed  to  operate  wi th .  Personnel  and  envi ronmental  protection  i s ,  
by  defin i ti on ,  separate  from  the  h i gher l evel  con trol  acti vi t ies  i n  th is  document.  I t  may map  to  more  
than  one  software  level  of  the  equ ipment  as  desi red .  
 
A complete  d iscussion  of  personnel  and  envi ronmental  protection ,  the  classi fi cation  of  these  types  
of  systems,  and  the  segregation  of  l evels  of  i n terlocks  wi th in  these  systems  i s  a  topic  of  i ts  own  
and  beyond  the  scope  of  th is  document.   
 

3.3  Control  system  compatibi l i ty  

 
The  m in imum  PackTag  requ i rements  that  are  i den ti fi ed  i n  th is  document  can  be  execu ted  on  a  
majori ty  o f  PLC  systems  used  by packag ing  mach ine  manu factu rers.   I t  can  also  be  implemented  
on  systems  such  as  check weighers,  date  coders,  robotics,  and  other anci l lary devices  that  may 
u ti l i ze  proprietary con trol  p latforms.   Even  though  the  PackTags  nam ing  convention  i s  us ing  l og ical  
names,  i t  can  be  implemented  using  reg ister memory systems.  
 

4 Uni t/Machine states  

4.1  Defin i t ion  

A un i t/mach ine  state  complete ly  defi nes  the  curren t  cond i ti on  of  a  mach ine.  A mach ine  state  i s  
determ ined  by  an  ordered  procedure,  or  programming  rou tine,  that  can  consist  o f  one  or  more  
commands  to  o ther procedural  e lements 1  o r  equ ipment  en ti t ies,  or  be  affected  by  the  status  of  a  
procedural  e l ement1  o r  equ ipment  en ti ty,  or  both .  I n  perform ing  the  function  speci fi ed  by the  state ,  
the  mach ine  software  wi l l  i ssue  a set  of  commands  to  the  mach ine  procedural  e lements 1  or  
equ ipment  en ti t ies  wh ich  i n  tu rn  can  report  s tatus.    
 
On ly  one  major  processing  acti vi ty  may be  acti ve  i n  one  mach ine  at  any t ime2.  The  l i near sequence  
of  major activi t i es  wi l l  d rive  a  s trictl y  sequential l y  ordered  fl ow of  con tro l  from  one  state  to  the  next  
s tate  –  no  more  than  one  state  of  the  base  model  i s  al l owed  to  be  acti ve  i n  one  mach ine  at  the  
same t ime.  
 

————————— 
1  Term  “procedural  e l emen t”  defi ned  (ANSI /I SA -88. 00 . 01 )  

2 A “major processi ng  acti vi ty”  corresponds  to  the  term  “equ ipment operation ”  as  defi ned  i n  ANSI /I SA -88. 00 . 01 .  
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The  201 0  revis ion  to  th is  techn ical  report  added  a  m in imum  set  o f  states  i n  Figure  2 .   I t  al so  
clari fied  the  d i fference  between  ho ld ing  and  suspend ing  i n  Table  1 .   

Note:  At  a  l ower l evel ,  the  m i nor  su b-acti vi t i es  (or  con tro l  procedu res)  that  are  combi ned  to  form  a  major  acti vi ty  at  the  
mach ine  operati on  l evel ,  may i ndeed  be  taki ng  p lace  i n  paral l e l  as  wel l  as  i n  sequence  as  def i ned  i n  ANSI /I SA-88. 00 . 01  
for  equ ipmen t  phases.  

4.2  Types  of  states  

 
For  the  pu rposes  of  understand ing ,  two  mach ine  state  types  are  defi ned :   
 

  Acti ng  state:   A s tate  wh ich  represen ts  some  processing  acti vi ty.   I t  impl i es  the  s ing le  or  
repeated  execu tion  of  processing  steps  i n  a  l og ical  order,  for  a  fi n i te  t ime  or  un ti l  a  speci fi c  
cond i ti on  has  been  reached.   I n  ANSI /ISA-88.00.01  these  are  referred  to  transien t  states,  those  
states  end ing  in  “ ING”.  

  Wai t  s tate:   A  s tate  used  to  i den ti fy  that  a  mach ine  has  ach ieved  a  defined  set  of  cond i t ions.   
I n  such  a  s tate,  the  mach ine  i s  main tain ing  a  s tatus  un ti l  transi ti on ing  to  an  acting  state.   I n  
ANSI /ISA-88.00.01  th is  was  referred  to  as  a  “ f i nal ”  or “qu iescent”  state.  

 

4.3  Defined  states  

There  are  a  f i xed  number of  s tates  defi ned  i n  the  base  state  model .  Th i s  report  establ i shes  an  
example  enumerated  set  o f  possible  un i t/mach ine  states  i l l ustrated  i n  the  fi gu re  below,  Figu re  2 .  
As  shown ,  th i s  set  of  s tates  i s  a  subset  of  the  ANSI /ISA-88.00.01 -201 0  example  states .   Several  
states  defined  there  are  not  supported  for  mach ine  processing .   Also  see  Fi gu re  3 .  

Note:  Th i s  table  has  been  updated  to  show the  “m i n imum  requ i red ”  s tates  for a  mach i ne  to  be  consi dered  an  appropri ate  
PackML implemen tati on .  

ANSI/ISA-

88.00.01 

Procedural  

States 

ISA-TR88.00.02 Equipment States 

Value 

Unit / 

Machine 

States 

Wait Acting 
Minimum 

Required  

<not defined> 1  Clearing   x   

Stopped  2  Stopped  x   x 

<not defined> 3  Starting   x   

Id le  4 Id le  x   x 

Paused  5  Suspended  x     

Running 6 Execute x x x 

Stopping 7 Stopping   x   

Aborting 8 Aborting   x   

Aborted  9 Aborted  x   x 

Holding 10 Holding   x   

Held  11 Held  x     

Restarting 12  Unholding   x   

Pausing 13  Suspending   x   

<not defined> 14 Unsuspending   x   

<not defined> 15  Resetting   x   

<not defined> 16 Completing   x   

Complete 17 Complete x     

Figure 2:  Example  states  for  automated  machines    
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Formal  defin i t i ons  of  these  states  are  g i ven  below:  
 

Table  1  :  Complete  l ist  of  mach ine d tates   

 
State Name Description  

 
 

STOPPED 

State Type:  Wai t  
The  mach ine  i s  powered  and  stati onary after  completi ng  the  STOPPING  
state.   Al l  commun icati ons  wi th  other  systems  are  functi on ing  ( i f  
appl i cable) .  A RESET command  wi l l  cause  an  exi t  from  STOPPED  to  the  
RESETTING  state.  

 
STARTING  

State Type:  Acting  
The  mach ine  completes  the  steps  needed  to  start .  Th is  state  i s  en tered  as  
a  resu l t  of  a  STARTING  command  ( l ocal  or  remote) .   Fo l lowing  th i s  
command  the  mach ine  wi l l  beg in  to  “execu te” .  

 
IDLE 

 

State Type:  Wai t  
Th i s  i s  the  state  wh ich  i nd i cates  that  RESETTING  i s  complete.   The  
mach ine  wi l l  main tai n  the  cond i t i ons  wh ich  were  ach ieved  du ri ng  the  
RESETTING  state,  and  perform  operati ons  requ i red  when  the  mach ine  i s  i n  
I DLE.  

 
 
 

SUSPENDING  

State  Type:  Acting  
Th is  state  shal l  be  used  when  EXTERNAL (ou ts i de  th i s  un i t  mach ine  bu t  
usual l y  on  the  same i n tegrated  producti on  l i ne)  process  cond i t i ons  do  not  
al l ow the  mach ine  to  con ti nue  producing ,  that  i s ,  the  mach ine  l eaves  
EXECUTE  due  to  upstream  or downstream  cond i t i ons  on  the  l i ne.  Th is  i s  
typi cal l y due  to  a  b l ocked  or  starved  even t.  Th i s  cond i t i on  may be  detected  
by a  l ocal  mach ine  sensor  or  based  on  a  supervisory system  external  
command.   Wh i l e  i n  the  SUSPENDING  state,  the  mach ine  i s  typi cal l y  
brough t  to  a  con tro l led  s top  and  then  transi t i ons  to  SUSPENDED upon  
state  complete.  To  be  able  to  restart  producti on  correctl y  after  the  
SUSPENDED state,  al l  re levan t  process  set -poin ts  and  retu rn  status  of  the  
procedures  at  the  t ime  of  receivi ng  the  SUSPEND  command  must  be  saved  
i n  the  mach ine  con tro l l er when  execu ti ng  the  SUSPENDING  procedure .  
 

 
 
 
 

SUSPENDED 

State Type:  Wai t  

Refer to  SUSPENDING  for when  th i s  state  i s  u sed.   I n  th i s  s tate  the  mach ine  
shal l  not  produce  product.   I t  wi l l  e i ther s top  runn ing  or  con ti nue  to  cycle  
wi thou t  producing  un t i l  external  process  cond i t i ons  retu rn  to  normal ,  at  wh ich  
t ime,  the  SUSPENDED  state  wi l l  trans i t i on  to  the  UNSUSPENDING  state,  
typi cal l y wi thou t  any operator i n terven tion .      

 
 
 

UNSUSPENDING  

State Type:  Acting  
Refer to  SUSPENDING  for  when  th i s  state  i s  used .   Th i s  state  i s  a  resu l t  o f  
process  cond i t i ons  retu rn i ng  to  normal .   The  UNSUSPENDING  state  
i n i t i ates  any requ i red  acti ons  or sequences  necessary to  trans i t i on  the  
mach ine  from  SUSPENDED  back to  EXECUTE.   To  be  able  to  restart  
producti on  correctl y after the  SUSPENDED  state,  al l  re levan t  process  set -
poin ts  and  retu rn  status  of  the  procedures  at  the  t ime  of  receivi ng  the  
SUSPEND command  must  be  saved  i n  the  mach ine  con tro l l er when  
execu ti ng  the  SUSPENDING  procedure.  
 

 
 
 

EXECUTE 

State Type:  Acting  
Once  the  mach ine  i s  processing  materials  i t  i s  i n  the  EXECUTE  state.   
D i fferen t  mach ine  modes  wi l l  resu l t  i n  speci f i c  types  of  EXECUTE  acti vi t i es.   
For example,  i f the  mach ine  i s  i n  the  “Production ”  mode,  the  EXECUTE  wi l l  
resu l t  i n  products  being  produced ,  wh i l e  i n  “Clean  Ou t”  mode  the  
EXECUTE  state  refers  to  the  act i on  of  cl ean ing  the  mach ine.  
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State Name Description  

 
 

STOPPING  

State Type:  Acting  
Th i s  state  i s  en tered  i n  response  to  a  STOP command.   Wh i l e  i n  th i s  state  
the  mach ine  execu tes  the  l og i c  wh ich  bri ngs  i t  to  a  con tro l l ed  stop as  
refl ected  by the  STOPPED state.  Normal  STARTING  of  the  mach ine  cannot  
be  i n i t i ated  un less  RESETTING  had  taken  place.  

 
 

ABORTING  

State Type:  Acting  
The  ABORTING  state  can  be  en tered  at  any t ime  i n  response  to  the  
ABORT command  or on  the  occu rrence  of  a  mach ine  fau l t.   The  abort i ng  
l og i c  wi l l  bri ng  the  mach ine  to  a  rapid  safe  stop.    
 

 
 

ABORTED 

State Type:  Wai t  
The  mach ine  main tains  status  i n formation  re levant  to  the  ABORT cond i t i on .  
The  mach ine  can  on ly exi t  the  ABORTED state  after an  expl i ci t  CLEAR  
command,  subsequen tl y to  manual  i n terven ti on  to  correct  and  reset  the  
detected  mach ine  fau l ts.     

 
 
 
 
 
 
 
 

HOLDING  

State Type:  Acting  
Th is  state  shal l  be  used  when  INTERNAL  ( i ns i de  th is  un i t  mach ine  and  not  
from  another  mach ine  on  the  producti on  l i ne)  mach ine  cond i t i ons  do  not  
al l ow the  mach ine  to  con ti nue  producing ,  that  i s ,  the  mach ine  l eaves  
EXECUTE  due  to  i n ternal  cond i t i ons.   Th i s  i s  typi cal l y  used  for  rou t ine  
mach ine  cond i t i ons  that  requ i res  m inor operator servi ci ng  to  con ti nue  
producti on .  Th i s  state  can  be  i n i t i ated  au tomatical l y  or  by an  operator  and  
can  be  easi l y  recovered  from .  An  example  of  th i s  wou ld  be  a mach ine  that  
requ i res  an  operator to  peri od ical l y  refi l l  a  g l ue  d i spenser or  carton  
magazine  and  due  to  the  mach ine  design ,  these  operati ons  cannot  be  
performed  wh i l e  the  mach ine  i s  runn ing .   S i nce  these  types  of  tasks  are  
normal  producti on  operati on s,  i t  i s  not  des i rable  to  go  th rough  aborti ng  or  
s topping  sequences ,  and  because  these  functi ons  are  i n teg ral  to  the  
mach ine  they are  not considered  to  be  “external ” .   Wh i l e  i n  the  HOLDING  
state,  the  mach ine  i s  typi cal l y brought  to  a  con trol l ed  stop  and  then  
transi t i ons  to  HELD  upon  state  complete.  To  be  able  to  restart  producti on  
correctly  after the  HELD  state,  al l  re levant  process  set -poin ts  and  retu rn  
status  of  the  procedures  at  the  t ime  of  receivi ng  the  HOLD  command  must  
be  saved  i n  the  mach ine  con tro l l er when  execu ti ng  the  HOLDING  
procedure.  

 
 

HELD 

State Type:  Wai t  
Refer to  HOLDING  for when  th i s  state  i s  used.   I n  th i s  state  the  mach ine  
shal l  not  produce  product.   I t  wi l l  e i ther stop  runn ing  or con ti nue  to  d ry 
cycle.  A transi t i on  to  the  UNHOLDING  state  wi l l  occu r when  INTERNAL 
mach ine  condi t i ons  change  or  an  UNHOLD  command  i s  i n i t i ated  by an  
operator.    

 
 
 

UNHOLDING  

State Type:  Acting  
Refer to  HOLDING  for when  th i s  state  i s  used.  A mach ine  wi l l  typi cal l y  
en ter  i n to  UNHOLDING  au tomati cal l y  when  INTERNAL cond i t i ons,  material  
l evels,  for  example,  return  to  an  acceptable  l evel .  I f  an  operator  i s  requ i red  
to  perform  m inor servi ci ng  to  replen i sh  materials  or  make  ad justments,  then  
the  UNHOLD  command  may be  i n i t i ated  by the  operator.  

 
COMPLETING  

State Type:  Acting  
Th is  state  i s  an  au tomati c  response  from  the  EXECUTE  state.   Normal  
operati on  has  run  to  completi on ,  i . e.  processing  of  material  at  the  i n feed  
wi l l  s top.  

 
COMPLETE 

State Type:  Wai t  
The  mach ine  has  fi n i shed  the  COMPLETING  state  and  i s  now wai t i ng  for  a  
RESET command  before  transi t i on i ng  to  the  RESETTING  state.  

 
 

RESETTING  

State Type:  Acting  
Th is  state  i s  the  resu l t  of  a  RESET command  from  the  STOPPED  or  
COMPLETE  state.   Fau l ts  and  stop causes  are  reset.  RESETTING  wi l l  
typi cal l y cause  safety devices  to  be  energ i zed  and  place  the  mach ine  i n  the  
IDLE  state  where  i t  wi l l  wai t  for  a  START command.   No  hazardous  moti on  
shou ld  happen  i n  th i s  state.  
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State Name Description  

 
CLEARING  

State Type:  Acting  
I n i t i ated  by a  state  command  to  c lear fau l ts  that  may have  occurred  when  
ABORTING,  and  are  present  i n  the  ABORTED state  before  proceed ing  to  a  
STOPPED  state.  

 
 

4.4  State  transi tions  and  state  commands 

4.4.1  Defin i t ion  

A state  transi ti on  i s  defined  as  a  passage  from  one  state  to  another.   Transi ti ons  between  states  
wi l l  occur as  a  resu l t  of  a  l ocal ,  remote,  or procedural  s tate  command.   State  commands  are  
procedural  e lements  that  i n  effect  cause  a  state  transi ti on  to  occ ur.  

4.4.2  7.5.2  Types of  state  commands 

State  commands  are  comprised  of  one  or  a  combination  of  the  fo l l owing  types:  
 

  Operator i n terven tion .  

  Response  to  the  status  of  one  or  more  procedural  e lements.  

  Response  to  mach ine  cond i ti ons.  

  The  completi on  of  an  acti ng  state  procedure.  

  Supervisory or remote  system  i n terven tion .  
 

4.4.3  Examples of  state transi tions  

An  example  transi ti on  matri x  for  l ocal  or  remote  state  commands  generated  by an  operator    i s  
shown  i n  Table  2 .   After every acti ng  state,  as  can  be  seen  i n  Table  2,  a  procedural  e lement  i s  
requ i red  that  wi l l  i nd icate  the  acting  state  i s  complete,  or  a  command  i s  requ i red  to  s top  or  abort  
the  acti ng  state.   The  state  complete  i nd ication  wi th in  the  acting  state  procedure  wi l l  cause  a  s tate  
transi ti on  to  occur.  
 
S im i larly,  an  example  state  command  matri x  of  mach ine  cond i tions  acti vating  a  s tate  command  i s  
shown  i n  Table  3 .   The  objecti ve  of  th is  table  i s  to  depict  the  mach ine  cond i tions  that  wi l l  cause  a 
state  transi tion  us ing  the  commands  defi ned  i n  Table  2 .  
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Table  2  :  Example  transi tion  matrix of  local  or  remote  state  commands 

   

          

State  
Comman

ds         State  

Current  
State  

Start  Reset 1  Hold  Un-Hold  Suspend  
UnSuspen

d  
Clear 1  Stop 2  Abort2  

Complet
e  

IDLE  
STARTI

NG  
      

STOPPI
NG  

ABORTI
NG  

 

STARTING         
STOPPI

NG  
ABORTI

NG  
EXECUTE  

EXECUTE    
HOLDI
NG  

 
SUSPEND

ING  
  

STOPPI
NG  

ABORTI
NG  

COMPLET
ING  

COMPLETI
NG  

       
STOPPI

NG  
ABORTI

NG  
COMPLET

E  

COMPLETE   
RESETTI

NG  
     

STOPPI
NG  

ABORTI
NG  

 

RESETTING         
STOPPI

NG  
ABORTI

NG  
IDLE  

HOLDING         
STOPPI

NG  
ABORTI

NG  
HELD  

HELD     
UNHOLDI

NG  
   

STOPPI
NG  

ABORTI
NG  

 

UNHOLDIN
G  

       
STOPPI

NG  
ABORTI

NG  
EXECUTE  

SUSPENDI
NG  

       
STOPPI

NG  
ABORTI

NG  
SUSPEND

ED  

SUSPENDE
D 

     
UNSUSPEN

DING  
 

STOPPI
NG  

ABORTI
NG  

 

UNSUSPEN
DING  

       
STOPPI

NG  
ABORTI

NG  
EXECUTE  

STOPPING          
ABORTI

NG  
STOPPED  

STOPPED  
RESETTI

NG  
      

ABORTI
NG  

 

ABORTING           ABORTED  

ABORTED        
CLEARI

NG  
   

CLEARING          
ABORTI

NG  
STOPPED  

 
1
 I t  i s  common  practice  for  cleari ng  and  resetti ng  COMMANDS to  be  i n i t i ated  us ing  the  same 
physical  operator i n terface  device.  
2
 I t  i s  common  practice  i n  packag ing  (bu t  not  process)  appl i cations  to  perm i t  use  of  STOP and  
ABORT commands  wh i le  i n  the  IDLE,  COMPLETE,  STOPPED,  and  RESETTING  states.  
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Table  3:  Example  matrix  of  mach ine  condi tions  in i tiating  a  state  command  

 

  

  

Example Machine Condi tions  
 

 
Current  
State  

Operat
or 
Start  

Carton  
Magazi
ne  Low 

Carton  
Magazi
ne Fu l l  

Downstre
am  Not  
Ready 

Downstre
am  

Ready 

E-
Sto
p  or 
Fau
l t  

No  
Produ
ct  

Presen
t  

Product  
Present  

Operat
or 
Stop  

Produc
t  Count  
Reache

d  

Clea
r 

Fau l
ts  

IDLE Start      
Abo
rt    S top    

STARTING       
Abo
rt    S top    

EXECUTE  Ho ld   Suspend   
Abo
rt  

Suspe
nd   Stop  

Compl
ete   

COMPLETIN
G       

Abo
rt    S top    

COMPLETE      
Abo
rt    S top    

RESETTING       
Abo
rt    S top    

HOLDING       
Abo
rt    S top    

HELD   
UnHol

d    
Abo
rt    S top    

UNHOLDING       
Abo
rt    S top    

SUSPENDIN
G       

Abo
rt    S top    

SUSPENDE
D     

UnSuspe
nd  

Abo
rt   

UnSuspen
d ing  Stop    

UNSUSPEN
DING       

Abo
rt    S top    

STOPPING       
Abo
rt       

STOPPED      
Abo
rt       

ABORTING             

ABORTED           
C lea
r 

CLEARING       
Abo
rt       
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4.5  State  model  

A state  model  completely  defi nes  the  behaviour of  a  mach ine  i n  one  un i t  con tro l  mode.   I n  a  s tate  
model ,  s tates  are  arranged  i n  an  ordered  fash ion  that  i s  consisten t  wi th  the  speci fi ed  operation  of  
the  mach ine.  The  speci fi c  s tates  requ i red  are  dependent  on  the  mach ine  operation .  
 
The  compi lati on  of  al l  defi ned  functional  states  and  thei r  transi ti ons  i s  cal led  the  base  state  model .    
 

4.5.1  Base state  model  

The  base  state  model  represen ts  the  complete  set  of  defined  states,  s tate  commands,  and  state  
transi ti ons.   Al l  u n i t  con tro l  modes  wi l l  be  defi ned  by subsets  of  the  base  state  model .  The  base  
state  model  i s  depicted  i n  Figure  3 .   Th is  model  i s  a  subset  of  the  state  model  from  ANSI /ISA-
88.00.01 -201 0  (Annex D  Figure  29)  wi th  th ree  d isti nctions:  

a)  The paused or pausing  states are not used 

b)  The label  “execute” is used  for the running  state 

c)  Transition  to holding  directly from suspending,  suspend or unsuspending  is not supported 

 
 
SC  =  State  Complete  
 

   =  Wai t  S tate  
 

 =  Acti ng  State  
 
 
S tates  wi th i n  the  dark g ray ou tl i ne  can  trans i t i on  to  the  STOPPING  state  or  the  ABORTING  state .  
States  wi th i n  the  l i g h t  g ray ou tl i ned  can  trans i t i on  to  ABORTING  s tate .  
The  m in imum  states  are  i den ti f i ed  i n  F i gu re  2 .  

Figure  3:  Base state  model  visual ization   
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5 Modes 

The  ANSI /ISA-88.00. 01  s tandard  provides  a  set  o f  modes  for  equ ipment  en ti ti es  and  procedural  
e lements.  Th is  report  establ i shes  modes  for au tomated  mach ines  that  are  considered  d i fferen t  
than  the  ANSI /ISA-88.00.01  procedural  modes  (au tomatic,  semi -au tomatic,  and  manual ) .  The  
ANSI /ISA-88.00.01  procedural  modes  describe  the  way procedures  operate.   Procedural  modes  
are  not  common  i n  au tomated  mach inery.  They are  provided  for  i n  th i s  report  by  noting  they may 
exist,  bu t  are  not  considered  i n  the  scope  of  th i s  work and  are  n ot  i ncluded  i n  the  tag  table.  

For  au tomated  mach ines,  the  example  i n  th is  report  establ i shes  un i t/mach ine  modes  i n  order to  
al low a  mach ine  designer to  ad just  the  set  of  s tates,  s tate  commands  and  state  transi ti ons  a 
mach ine  may fo l l ow g i ven  d i fferen t  operati ng  ci rcumstances.  The  set  o f  defined  un i t/mach ine  
con tro l  modes  i s  shown  i n  Figu re  4  and  described  below.  

The  201 3  revi sion  to  th is  document  changed  producing  mode  to  production  mode.  

ANSI/ISA-

88.00.01 

Example 

Modes 

ISA-TR88.00.02 Control  Modes 

Value 
Unit / Machine 

Control  Modes 

<not defined> 0 Inval id  

<not defined> 1  Production  

<not defined> 2  Maintenance 

<not defined> 3  Manual  

<not defined> 04 – 31 User Definable 

Figure 4:  Un i t/Mach ine control  modes  

5 . 1  Un i t/Machine control  modes 

A un i t/mMach ine  con tro l  mode  determ ines  the  subset  o f  s tates,  s tate  commands,  and  state  
transi ti ons  that  determ ine  the  strategy for  carrying  ou t  a  un i t/mach ine’s  process.  
 
Typical  un i t/mach ine  contro l  modes  are  production ,  main tenance,  manual ,  c lean  i n  p lace,  run  ou t,  
sem i -au to,  dry  cycle,  e tc.   The  d isti ngu ish ing  e lements  between  these  un i t  con tro l  modes  are  the  
selected  subset  o f  s tates,  state  commands,  and  state  transi ti ons.  
 
The  ordered  procedures  that  con tro l  the  states  wi l l  be  un iqu e  for the  un i t/mach ine  con tro l  mode  
that  the  un i t/mach ine  i s  i n .   For example,  i n  a  “production ”  un i t/mach ine  con tro l  mode  the  defi n i t i on  
of “execute”  i n  a  fi l l i ng  mach ine  wi l l  mean  i t  i s  “producing”  product.   I n  the  “manual ”  un i t/mach ine  
con tro l  mode  the  defin i tion  of the  “executing”  state  may be  jogg ing  or i ndexing .  The  “execu te”  state  
defi nes  the  functional  operation  of  the  un i t/mach ine  con trol  mode.   States  of  i den tical  names  may 
have  d i fferen t  functions  i n  d i fferen t  un i t/mach ine  con tro l  modes   
 
Examples  of  un i t/mach ine  con trol  modes  are:  
 
Production  mode -  Th is  represen ts  the  mode  wh ich  i s  u ti l i zed  for  rou tine  production .   The  mach ine  
execu tes  re levan t  l og ic  i n  response  to  commands  wh ich  are  e i ther  en tered  d i rectl y  by  the  operator  
or i ssued  by another supervisory system.  
 
Maintenance mode -  Th is  mode  may al low su i tably  au thori zed  personnel  the  abi l i ty  to  run  an  
i nd i vidual  mach ine  i ndependen t  o f  other  mach ines  i n  a  production  l i ne.   Th is  mode  wou ld  typical l y  
be  used  for  fau l t  f i nd ing ,  mach ine  trials  or  testing  operational  improvements.   Th is  mode  wou ld  
also  al low the  speed  of  the  mach ine  to  be  ad justed  (where  th i s  feature  i s  avai lable) .  
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Manual  mode -  Th is  provides  d i rect  con tro l  of  i nd i vidual  mach ine  modu les.   Th is  feature  i s  
avai lable  depend i ng  upon  the  mechan ical  constrain ts  of  the  mechan isms being  exerci sed .   Th is  
feature  may be  used  for  the  commission ing  of  i nd i vi dual  d ri ves,  veri fyi ng  the  operation  of  
synchron ized  dri ves,  testi ng  the  dri ve  as  a  resu l t  of  mod i fying  parameters  etc.  
 

5.2  Un i t/Machine  control  mode management  

Automated  mach inery has  un i t/mach ine  con trol  modes  other than  “production ”,  as  noted  earl ier.   
Each  un i t/mach ine  con tro l  mode  has  i ts  own  state  model .   I n  order to  manage  the  change  from  
one  mode  to  the  next,  a  method  of  mode  management  must  be  defi ned .   The  mode  management 
method  determines  how,  and  i n  what  s tate  a  mach ine  may change  un i t/mach ine  con tro l  modes;  
i . e .  the  mode  management  method  i ncludes  i n terlocks  that  prevent  the  mach ine  chang ing  
un i t/mach ine  con trol  modes  when  i n  i nappropriate  states.   
 
Un i t/mach ine  con tro l  mode  management  enables  the  mach ine  designer to  manage  un i t/mach ine  
con tro l  mode  transi ti ons.   Speci fi cation  on  transi ti ons  between  un i t /mach ine  con tro l  modes  i s  l eft  
to  the  user,  bu t  typical  transi tion  poin ts  are  at  wait s tates.   The  speci fi cation  of  the  un i t /mach ine  
con tro l  mode  manager i s  such  that  no  state  or  con tro l  functions  are  carried  ou t  i n  th is  upper l evel  
rou tine.   The  i n ten t  o f  the  mode  manager i s  to  l og ical l y  supervise  when  a  change  i n  mode  can  be  
done,  command  a  mode  change,  and  report  s tatus  of  the  change  request.  Al l  considerations  of  a  
mode  manager must  be  consisten t  wi th  prevai l i ng  safe  practices  and  standards.   
 
Transi tions  between  un i t/mach ine  con tro l  modes  can  occur  at  on ly  pre-programmed  states:  

o  As  a  resu l t  of  a  l ocal  or  remote  operator command.  
o  As  a  resu l t  of  a  remote  request  from  another au tomated  un i t.  
o  As  a  resu l t  of  a  s tate  change.   Th is  i s  generated  by change  of  s tate  of  one  or  a  number of  

mach ine  cond i tions,  e i ther d i rectly  from  I /O  or  completion  of  a  l og ic  method .   For example,  
i f  a  fi l l i ng  mach ine  has  completed  i ts  production  run  i n   
“PRODUCTION ”  mode  of a  g iven  number of cases  i t  may change  to  the  “CLEAN ING”  mode  
to  beg in  a  clean  cycle.  

o  When  a  un i t/mach ine  con tro l  mode  change  takes  place,  a  mach ine  state  change  i s  NOT 
al lowed  to  occur at  the  same  time.   Mode  transi ti ons  must  take  place  i n  a  state  that  i s  
common  to  both  modes.   Th is  i s  necessary to  avoid  un in tended  mach ine  sequences  from  
taking  place.  
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Figure  5:  Mu l ti -mode example  d iagram  (production  mode states)  

Mode Management  
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6 Common  uni t/machine mode examples 

6.1  Production  mode 

The  base  state  model  above  can  be  used  to  defi ne  a  production  mode  that  i s  used  i n  order to  
del i ver con tro l  o f  rou tine  processing  and  production .   I t  i s  recogn ized  that  mach ines  also  requ i re  
main tenance,  cal ibration  and  setting  up.   To  address  th i s  requ i rement two  example  modes  of  
operation  are  shown  below:  main tenance  and  manual .   Because  there  can  be  any number of  
possible  modes  for an  au tomated  mach ine,  a  user mode  example  i s  also  shown .   The  user mode  
example  i s  based  on  the  Weihenstephan  PDA ( production  data acqu is i ti on )  s tandard .  
 

6.2  Maintenance mode 

Main tenance  mode  al l ows  su i tably  au thorized  personnel  the  abi l i ty  to  run  an  i nd ivi dual  mach ine  
i ndependent  of  other mach ines  i n  a  production  l i ne.   Th is  wou ld  typical l y  be  used  for  fau l t  f i nd ing ,  
mach ine  trial s  or testi ng  operati onal  improvements.   I t  i s  expected  that,  b ecause  the  mach ine  wi l l  
general l y  operate  i n  i ts  usual  manner,  i t  wi l l  need  to  undergo  some  or  al l  o f  i ts  rou ti ne  starti ng  up  
procedures.   Main tenance  mode  wi l l  fo l low a  recogn ized  un i t  state  model .  
 
By way of  example,  one  possible  main tenance  mode  state  model  i s  shown  i n  Figure  6  be low.   I t  i s  
recogn ized  that  i nd ividual  mach ine  manu facturers  may have  good  reason  to  develop  other versions  
of  main tenance  mode  state  models.   Typical l y  modes,  such  as  main tenance  mode  are  developed  
as  con tain i ng  a  subset  of  the  un i t  states  i n  the  base  state  model .   The  un i t  s tate  names  remain  
consisten t  bu t  the  function  of  the  states  has  been  mod i fied  to  be  consistent  wi th  the  mode  function .  
 

 

Figure  6:   Maintenance mode state  model  

 
As  can  be  seen  above,  the  un i t  s tate  model  proposed  for  main tenance  operations  i s  a  subset  of  
the  previously  defined  base  state  model .   The  essen tial  d i fference  between  the  base  atate  model  
and  main tenance  mode  state  model  i s  the  absence  of  a  SUSPENDED  sta te  i n  main tenance  mode.   
I t  i s  envisaged  for  certain  l i ne  types  that  the  SUSPENDED  state  i s  not  requ i red ,  as  i ts  function  i s  
to  provide  for  a  wai t  state  for  i ncom ing  material .   I n  th is  example  main tenance  mode  i s  not  designed  
for  rou ti ne  production  and  hence  no  SUSPENDED  state  i s  avai lable.   The  function  of  EXECUTE 
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state  has  also  taken  on  new mean ing ,  i n  that  EXECUTING  production  may not  requ i re  the  same  
log ic  as  EXECUTING  i n  main tenance.  
 
I n  the  fi gu re  below,  the  main tenance  mode  execu tion  model  i s  shown.   On ly  un i t  s tate  functions  
represen ted  i n  the  state  model  for the  main tenance  mode  wi l l  be  execu ted .   The  main tenance  
mode  state  functions  are  not  necessari l y  the  same functi ons  as  those  i n  other modes,  even  though  
the  un i t  s tates  are  named  the  same  –  they may be  un iquely referenced  for the  mode  they are  
associated  wi th .   Programmatical l y,  the  functions  for  each  un i t  con trol  mode  are  execu ted  on ly  
when  the  respective  un i t con trol  mode  has  been  chosen  by the  “mode  management”  rou tine.   
 
 

 

Figure 7:   Maintenance mode execution  model   
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6.3  Manual  mode 

Manual  mode  provides  su i tably  au thorized  personnel  the  abi l i ty  to  operate  i nd ividual  subord inate  
equ ipment  con tro ls  (such  as  d ri ve  l og ic)  wi th in  the  mach ine  under manual  pushbu tton  con tro l .   
Such  con trols  i n  th is  mode  may be  on  a  "hold - to-run "  basis  such  that  removal  of  the  run  s ignal  wi l l  
cause  the  dri ve  to  be  stopped .   The  abi l i ty  to  perform  speci fi c  functions  wi l l  be  dependen t  upon  
mechan ical  constrain ts  and  i n terlocks.   Manual  mode  wi l l  be  of  particu lar use  for  setting  up  the  
mach ine  to  work.    
 

 

Figure  8:  Manual  mode state  model  

 
The  predefined  un i t  s tate  model  associated  wi th  manual  mode  can  again  be  defi ned  as  a  subset  
from  the  base  state  model .   Common  synonyms  for  th i s  un i t  con tro l  mode  are  i nch ,  j og ,  or  i ndex.  
Figure  8  i l l ustrates  a  manual  mode  i n  wh ich  the  EXECUTE  states  of  subord inate  equ ipment  
con tro ls  (such  as  dri ve  log ic)  are  shown  wi th in  the  EXECUTE  state.    
 
I n  Figu re  9 ,  the  manual  mode  execu tion  model  i s  shown .   On ly un i t  s tate  functi ons  represented  i n  
the  state  model  for  the  manual  mode  wi l l  be  execu ted .   The  manual  mode  state  functions  are  not  
necessari l y  the  same  functions  as  those  i n  o ther modes,  even  though  the  un i t  s tates  are  named  
the  same  –  they may be  un iquely  referenced  for  the  mode  they are  associated  wi th .   
Programmatical l y,  the  functions  for  each  mode  are  execu ted  on ly  when  the  respecti ve  un i t  con tro l  
mode  has  been  chosen  by the  “mode  management”  rou tine.   
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Figure  9:   Manual  mode execution  model  
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6.4  User definable  modes 

Any un i t  con tro l  mode  can  be  defined  wh ich  provides  a  requ i red  function  for  the  mach ine.   The  un i t  
con tro l  mode  provides  for su i tably  au thorized  personnel  operating  the  mach i ne  under pushbu tton  
con tro l ,  or  for  a  remote  system  operating  the  mach ine  as  part  o f  an  i n teg rated  work cen ter.   Th is  
report  recommends  the  approach  i n  wh ich  al l  u n i t  contro l  modes  are  based  on  a  f i xed  set  of  
enumerated  mach ine  states.  The  “name”  of the  state(s)  may be  customized  to  provide  the  operator 
wi th  an  i n tu i t i ve  or  descripti ve  name for  the  state(s) ,  bu t  the  functi on  of  the  state(s)  i s  consisten t  
wi th ,  and  a  subset  o f ,  the  general  defin i t i on  of  the  base  state  model .    
 
Below i s  a  depiction  of  the  We ihenstephan  standard  harmon ized  to  the  base  state  model  i n  th is  
report.   I n  th i s  user mode  example  the  EXECUTE  state  i s  renamed  the  OPERATING  state  to  be  
consisten t  wi th  the  term inology used  i n  the  Weihenstephan  model .   As  can  be  seen ,  the  base  state  
model  i ncl uded  states  that  were  co l l apsed  to  be  consisten t  wi th  the  Weihenstephan  standard .   The  
state  commands  are  not  defined  as  causing  i nd ividual  or  undefined  states;  they are  commands  to  
implementation  l og ic  that  describes  the  corresponding  state  transi ti o ns.   There  may be  mu l t iple  
cond i ti ons  that cause  a  state  transi ti on  bu t they do  not cause  “un ique”  mach ine  states,  they cause  
implementation  speci fi cs  wi th in  the  g iven  framework of  g i ven  states.   
 
 

 

Note:  OPERATING  state  i s  equ ival en t  to  an  EXECUTE  state;  “prepared ” ,  “ lack” ,  and  “ tai l back”  
cond i t i ons  provi de  for  the  mach i ne  to  go  i n to  the  SUSPENDING  state  by act i vati ng  the  suspend  
command .  

Figure 1 0:  Automatic  Weihenstephan  state  model  
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