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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
SAFETY OF MACHINERY – REQUIREMENTS FOR  
CABLELESS CONTROL SYSTEMS OF MACHINERY 

 
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 ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ i zation  for S tandard 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  al l  
i n terested  I EC National  Comm ittees.  

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  conten t 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 is 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  Commi ttees  undertake  to  app ly I EC Publ i cations  
transparentl y to  the  maximum  exten t possib le  i n  the i r national  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 agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Comm i ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  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)  Attention  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)  Attention  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 
paten t ri gh ts .  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  patent  ri gh ts.  

I n ternational  Standard  I EC  62745  has  been  prepared  by I EC  techn ica l  comm ittee  44:  Safety 
of mach inery – E lectrotechn ica l  aspects.  

The  text of th is  s tandard  i s  based  on  the  fol lowing  documents:  

FDIS  Report  on  voti ng  

44/783/FDIS  44/785/RVD  

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

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

  

International  Electrotechnical  Commission

 



I EC 62745: 201 7  © I EC 201 7  – 5  –  

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 ,  

•  rep laced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  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.  
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INTRODUCTION  

Cable less  con trol  systems  (CCS)  are  i ncreas ing l y be ing  used  to  provide  an  operator i n terface  
on  a  wide  range  of mach inery.  The  functional i ty of a  CCS and  the  way i n  wh ich  i t  i n terfaces  
wi th  the  overal l  mach ine  con trol  system  can  therefore  affect the  safety of the  mach inery.  

I EC 62745 speci fies  requ irements  for the  functional i ty of a  CCS that i s  i n terfaced  wi th  or i s  
part of a  mach ine  con trol  system  for use  as  an  operator control  s tation  on  a  mach ine.  

The  extent to  wh ich  the  functional i ty of a  CCS is  re l ied  upon  to  m in im ise  ri sk on  a  mach ine  i s  
a  key selection  cri terion .  I t  i s  therefore  important to  select a  CCS that provides  su i table  
con trol  functions  wi th  an  appropriate  safety i n tegri ty i n  accordance wi th  the  risk assessment 
at  the  mach ine.  

I n  some particu lar appl ications,  the  requ i rements  for a  CCS  can  exceed  those  speci fied  i n  th is  
document.  
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SAFETY OF MACHINERY – REQUIREMENTS FOR  
CABLELESS CONTROL SYSTEMS OF MACHINERY 

 
 
 

1  Scope 

This  standard  speci fi es  requ i rements  for the  functional i ty and  i n terfacing  of cable less  (for 
example,  rad io,  i n fra-red)  con trol  systems  that provide  communication  between  operator 
con trol  s tation(s)  and  the  con trol  system  of a  mach ine.  Speci fic requ i rements  are  i ncluded  for 
such  operator control  s tations  that are  portable  by the  operator.  

NOTE  The  part  of the  cable l ess  control  system  that  i s  used  as  an  operator con tro l  s tation  i s  sometimes  referred  
to  as  the  ‘ transm i tter’  and  the  part  that  i n terfaces  wi th  the  mach ine  control  system  i s  sometimes  referred  to  as  the  
‘ recei ver’ .  However,  to  take  account  of the  possib i l i ty  of b i -d i rectional  commun ication ,  th i s  s tandard  refers  to  these  
i nd i vi dual  parts  as  the  ‘ remote  station ’  and  the  ‘base  stati on ’  respecti vely.  

This  document does  not  deal  wi th  cable less  commun ication  between  parts  of a  mach ine(s)  
that  are  not operator con trol  s tations.  

Th is  document i s  not  i n tended  to  speci fy a l l  of the  requ i rements  that are  necessary for the  
design  and  construction  of a  cable less  con trol  system .  For example,  i t  does  not speci fy 
communication  protocols ,  frequency or bandwid th  aspects ,  nor the  fu l l  range  of constructional  
requ i rements  such  as  impact res istance,  i ngress  protection ,  e l ectromagnetic compatib i l i ty,  
etc.  

The  provis ions  of th is  document are  i n tended  to  be  appl i ed  i n  add i tion  to  the  requ i rements  for 
e lectrical  equ ipment i n  the  I EC  60204-1 .  

Th is  document i s  a  type-B2  s tandard  as  stated  i n  I SO  1 21 00.  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60068-2-31 : 2008,  Environmental testing – Part 2-31: Tests – Test Ec – Rough handling 
shocks,  primarily for equipment-type specimens 

I EC 60204-1 : 2005,  Safety of machinery – Electrical equipment of machines – Part 1 :  General 
requirements 

IEC 60947-5-1 : 201 6,  Low-voltage switchgear and controlgear – Part 5-1 : Control circuit 
devices and switching elements – Electromechanical control circuit devices  

I EC  60947-5-5,  Low-voltage switchgear and controlgear – Part 5-5: Control circuit devices 
and switching elements – Electrical emergency stop device with  mechanical latching function 

IEC 62061 ,  Safety of machinery – Functional safety of safety-related electrical,  electronic and 
programmable  electronic control systems 

I SO 1 3849-1 ,  Safety of machinery – Safety-related parts of control systems – Part 1 :  General 
principles for design  
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ISO  1 3849-2 ,  Safety of machinery – Safety-related parts of control systems – Part 2:  
Validation  

I SO 1 3850,  Safety of machinery – Emergency stop function– Principles for design  

3  Terms,  defin i tions  and  abbreviations  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i tions  apply.  

For an  a lphabetical  l i s t of defin i ti ons,  see  Table  1 .  

For l i s t of abbreviations  see  Table  2 .  

Table  1  – Alphabetical  l ist  of defin i tions  

Term  Defin i tion  number 

acti ve  stop  3. 1 7  

address code 3. 7  

au tomatic  stop  (ATS)  3. 1 9  

base  station  3. 1 3  

cablel ess  con trol  3 . 1  

cableless control  system (CCS) 3. 2  

disabl ing of a remote station 3. 22  

error detection code 3. 9  

frame 3. 6  

Hamming distance 3. 1 1  

manual  s top  3. 20  

neutral  frame 3. 1 0  

OFF-state  3. 1 5  

operating command signal  3 . 8  

operator control  station 3. 5  

passive  s top  3. 1 8  

receiver 3 . 3  

remote  station  3. 1 2  

safety-re lated  stop  function  3. 1 6  

stop  ou tpu t  3 . 1 4  

transmitter 3 . 4  

val i d  s i gnal  3 . 21  

 

Table  2  – Abbreviations  

Term  Abbreviation  

au tomatic  stop  (4 . 7 . 3. 5)  ATS  

cableless control  system (3.2) CCS  

emergency s top  (4 . 7 . 3 . 4)  EMS  

general  safe stop (4.7.3.3) GSS  

 

International  Electrotechnical  Commission

 



I EC 62745: 201 7  © I EC 201 7  – 9  –  

3. 1   
cableless  control  
transm ission  of the  mach ine  operator's  commands  wi thou t any wi red  connection  

3.2   
cableless  control  system  
CCS  
system  consisting  of at  l east one  remote  station  and  one  base  station ,  wh ich  uses  cable less  
con trol  to  transm i t commands  between  them  

3.3   
receiver 

part of a  cable less  control  system  wh ich  receives  frames  from  a  transm i tter 

3.4  
transmitter 
part of a  cable less  control  system  wh ich  sends  frames  to  a  receiver 

3.5   
operator control  station  
assembly of one  or more  con trol  actuators  (part  of a  device  to  wh ich  an  external  manual  
action  is  to  be  appl i ed )  fi xed  on  the  same panel  or l ocated  i n  the  same enclosure  

Note  1  to  en try:  An  operator con trol  s tation  can  a l so  contain  re lated  equ ipment,  for example,  potenti ometers,  
s i gnal  l amps,  i nstruments ,  d i splay devices,  etc.  

3.6   
frame  
“package”  of i n formation  exchanged  between  a  remote  station  and  a  base  station ,  and  
cons isting  of,  for example:  

a)  address  code;  

b)  operati ng  commands;  

c)  error detection  code;  

d )  other commands,  s i gnals  or in formation  

Note  1  to  en try:  A “frame”  i s  sometimes  referred  to  as  a  “te legram”  or “message”.  

3.7   
address  code  
part of a  frame that enables  a  base  station  or a  remote  station  to  recogn ise  frames  that  are  
i n tended  to  convey commands  to  i t  

Note  1  to  en try:  The  base  s tation  or remote  station  respond  to  commands  that  are  recogn ised  as  having  the  
re l evant  address  code.  

3.8   
operating  command  s ignal  

control  s ignal  that i s  i n tended  to  in i tiate ,  mod i fy or main tain  a  mach ine  function  

3.9   
error detection  code  

add i ti onal  i n formation  added  to  each  frame to  enable  the  detection  of transm ission  errors  

3. 1 0   
neutral  frame  
frame in  wh ich  a l l  operati ng  command  s i gnals  are  i n  a  state  such  that when  i t  i s  received  at 
the  base  s tation  i t  does  not acti vate  any ou tpu ts  i n tended  for control  of hazardous  operations  
of the  mach ine  
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Note  1  to  en try:  Neutral  frames  can  be  used  to  main tai n  commun ication  ( i . e.  a  val i d  s i gnal )  between  a  transm i tter 
and  recei ver,  for example  to  preclude  au tomatic  i n i ti ati on  of the  s top  function  at  a  mach ine.  

Note  2  to  en try:  N eu tral  frame transm ission  i s  i n tended  to  prevent  hazardous  operations  of the  mach ine  resu l ti ng  
from  establ i shment or re-establ i shment  of commun ication .  

Note  3  to  en try:  Neu tral  frames  can  contain  data,  for example  parameteri sati on  data,  and  commands  that  are  not  
i n tended  to  cause  hazardous  operations  of the  mach ine.  

3. 1 1   
Hamming  d istance  
number of b i t  posi tions  i n  wh ich  two  frames  of the  same length  d i ffer from  each  other 

3. 1 2   
remote station  
part of a  cable less  con trol  system  via  wh ich  an  operator i n terfaces  wi th  the  cableless  con trol  
system  

Note  1  to  en try:  The  remote  station  of a  cab lel ess  con trol  system  i s  sometimes  referred  to  as  a  “ transm i tter” ,  bu t  
a  remote  stati on  that  i s  part  of a  b i -d i rectional  cab lel ess  control  system  wi l l  i ncorporate  both  a  transm i tter and  a  
recei ver.  

Note  2  to  en try:  The  remote  stati on  forms  the  operator control  s tation  of a  cable less  control  system .  

Note  3  to  en try:  The  remote  stati on  can  be  portabl e  (by the  operator),  mobi l e  (e. g .  i nstal l ed  separatel y from  the  
mach ine  on  a  veh icle  or tro l l ey)  or fi xed  (e. g .  i nstal l ed  on  or near to  the  mach ine).  

3. 1 3   
base  station  

part of the  cable less  control  system  that i n terfaces  wi th  the  mach ine  con trol  system  

Note  1  to  en try:  The  base  s tation  of a  cabl eless  con tro l  system  i s  sometimes  referred  to  as  a  “recei ver” ,  bu t  a  
base  stati on  that  i s  part  of a  b i -d i rectional  cabl e less  con trol  system  wi l l  i ncorporate  both  a  recei ver and  a  
transm i tter.  

Note  2  to  en try:  The  base  station  may be  i nstal l ed  on  s tati c  or mobi l e  mach inery.  

Note  3  to  en try:  The  base  station  i s  not  necessari l y a  d i screte  phys ical  en ti ty,  bu t  i t  i ncl udes  a l l  of the  
components  that  fu l fi l l  the  requ i rements  speci fi ed  i n  th i s  s tandard  for the  base  stati on .  

3. 1 4  
stop  output 
ou tpu t ci rcu i t of the  base  station  that in terfaces  wi th  the  control  system  of the  mach ine  to  
i n i tiate  a  s top  function  

Note  1  to  en try:  Stop  ou tpu ts  can  be  safety-re lated  or non-safety-related .  See  a l so  Table  3 .  

Note  2  to  en try:  I n terfaces  to  fi e l d  bus  part  of a  CCS  base  station  can  a l so  be  considered  as  an  ou tpu t ci rcu i t.  

3. 1 5   
OFF-state  
state  of safety-re lated  s top  ou tpu t(s)  of the  base  station ,  wh ich  is  i n tended  to  be  used  to  
i n i tiate  one  or more  stop  functions  of a  mach ine  

3. 1 6   
safety-related  stop  function  
stop  function  provided  by the  CCS that resu l ts  i n  an  OFF-state  and  whose fa i l u re  can  resu l t i n  
an  immed iate  i ncrease  of the  risk(s)  

3. 1 7   
active  stop  
stop  resu l ti ng  from  transm ission  of a  s top  s i gnal  from  the  remote  s tation  to  the  base  s tation  

International  Electrotechnical  Commission

 



I EC 62745: 201 7  © I EC 201 7  – 1 1  –  

3. 1 8   
passive  stop  
safety-re lated  stop  resu l ti ng  from  absence of a  va l i d  s i gnal  at the  base  station  

Note  1  to  en try:  A pass ive  stop  can  be  i n i ti ated  by,  for example,  an  ou t  of range  cond i ti on ,  battery fa i l u re,  
e l ectromagneti c  i n terference.  

3. 1 9   
automatic stop  

safety-re lated  stop  i n i ti ated  wi thout manual  actuation  of a  device  by an  operator 

3.20   
manual  stop  

stop  i n i ti ated  by actuation  of a  device  by an  operator 

3.21   
val id  signal  
any received  frame,  i ncl ud ing  a  neu tra l  frame,  that i s  accepted  by the  error checking  routi nes  
of the  receiver and  con tains  the  re levant address  code  for the  receiver 

3.22   
d isabl ing  of a  remote  station  
del iberate  operation  that  renders  a  remote  station  i ncapable  of send ing  s i gnals  to  the  base  
station  

4 Functional  requirements  

4.1  General  

Figu re  1  i l l ustrates  an  example  of the  main  e lements  of a  CCS and  i ts  i n teraction  wi th  the  
mach ine  con trol  system .  
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Figure 1  – Block d iagram  example of a  cableless  control  system  
and  i ts  in teraction  with  the  machine  control  system  

NOTE  The  references  to  I EC 60204-1  i n  th i s  s tandard  cou l d  have  correspond ing  requ i rements  i n  other relevant  
parts  of I EC 60204  series .  

4.2  Operational  preventions  

4.2. 1  Prevention  of inadvertent actuation  

The remote  station  and  i ts  control  actuators  shal l  be  designed  and  arranged  so  as  to  m in im ise  
the  poss ib i l i ty of i nadverten t actuation  (for example,  caused  by d ropping  to  the  fl oor or striking  
an  obstruction ,  fa i l u re  of e lectron ics)  generati ng  an  un in tended  hazardous  command .  

4.2.2  Prevention  of unauthorised  operation  

Where prevention  of unauthorised  operation  of the  CCS is  requ ired ,  remote  stations  shal l  be  
provided  wi th  means  to  prevent unau thorised  use  (for example,  key-operated  swi tch ,  access  
code).  

4.2.3  Prevention  of un intended  commands  

Measures  shal l  be  taken  to  ensure  that  operati ng  command  s ignals :  

•  affect on l y the  i n tended  base  station  or remote  station  (for example,  us ing  address  code);  

•  i n i tiate  on l y the  i n tended  functions  i n  that  base  s tation  or remote  station .  

Such  measures  shal l  be  res istan t to  accidental  or un in tentional  change.  

Upon  detection  of mal function  or fau l ts ,  a l l  re levant safety-related  ou tpu t sha l l  be  control l ed  to  
OFF-state  wi th  an  appropriate  safety i n tegri ty.  

IEC  

Machine  control  system  
Operator control  stations  (3. 5)  

Cabl eless  control  system  (3. 2 )  

Remote  station  (3. 1 2)  
Transm i tter 

(3 . 4)  
Recei ver 

(3. 3)  

Wired  

control  

s tation(s )  

Wired  

pendant  

control l er(s)  

Control  ci rcu i ts  
Transm i tter 

(3 . 4)  
Recei ver 

(3 . 3)  
Base  station  (3 . 1 3)  

Wired  s i gnal s  
Wireless  s i gnal s  
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Where  hardware  swi tches  (for example,  D IP)  are  used  for device  address ing ,  add i tional  
measures  such  as  pari ty checking  may be  necessary to  fu l fi l  the  requ i rements  i n  case  of a  
fau l t.  

NOTE  Typical  methods  i ncl ude  factory-set  cod ing ,  wh ich  are  more  robust  than  user-configu rable  methods  
because  they cannot be  defeated  (e i ther i n tentional l y or i nadverten tl y)  by the  user.  

4.3  Serial  data  transfer 

The seria l  data  transfer shal l  satisfy one  of the  fo l l owing  requ irements :  

•  means  shal l  be  provided  that  ensure  the  probabi l i ty of an  erroneous  frame being  received  
undetected ,  R(Pe) ,  i s  l ess  than  1  ×  1 0

-8 ,  g i ven  an  i nput b i t  error probabi l i ty of Pe  =  1 0
-3 ,  i f 

no  better i npu t b i t  error probabi l i ty can  be  proven ,  or 

•  the  Hamming  d istance  shal l  be  e i ther 4  or the  tota l  number of b i ts  i n  a  frame d ivided  by 
20,  wh ichever i s  greater.  

NOTE  1  An  i npu t  b i t  error probabi l i ty of P
e
 =  1 0 -3  can  be  assumed  as  typical  estimate  for a  wi rel ess  channel  

d i s tu rbed  by Add i ti ve  Wh i te  Gauss ian  Noise  (AWGN) and  e l ectromagneti c  i n terference  (EMI ).  

NOTE  2  I EC 60870-5-1  defi nes  a  set  of possib le  transm iss ion  frame formats.  

NOTE  3  I ncreas ing  the  rel i abi l i ty of serial  data  transm ission  on l y reduces  the  possib i l i ty of errors  than  can  be  
occurri ng  i n  the  transm iss ion  med ia.  

I n  add i ti on  for safety-related  functions  of a  CCS the  res idual  error probabi l i ty Λ  of undetected  
error per hour shal l  be  l ess  than  1  %  of the  speci fi ed  PFHD va lue  for the  respective  function  
of the  CCS.  Residual  probabi l i ty of undetected  error per hour Λ shal l  be  ca lcu lated  by:  

Λ(Pe)  =  R(Pe)  ×  ν  ×  b  [1 /h ]  

where:  

Λ(Pe) :   res idual  probabi l i ty of undetected  error per hou r i n  re lation  to  the  inpu t bi t  error 
probabi l i ty 

R(Pe) :   res idual  probabi l i ty of undetected  error per frame in  re lation  to  the  i npu t b i t  error 
probabi l i ty 

Pe :   i npu t error probabi l i ty.  I f no  better input b i t  error probabi l i ty can  be  proven ,  
Pe  =  1  ×  1 0

-3  appl ies  

ν:   maximum  number of safety-related  messages  per hour 

b:   maximum  number of l i s ten ing  base  stations  

NOTE  4  For a  defi n i ti on  of PFH
D
 see  I EC 62061  or I SO  1 3849-1 .  

NOTE  5  Λ(P
e
)  cal cu lation  i s  based  on  I EC 61 784-3;  th i s  approach  i s  va l i d  for cycl i c  transm ission  of safety-related  

messages.  

NOTE  6  When  us ing  CRC as  hash-function ,  Equati on  (B . 3)  or (B . 4)  from  I EC 61 784-3: 201 6  can  be  appl i ed  i n  
order to  determ ine  R(P

e
)  wi th  an  i npu t  b i t  error probabi l i ty of P

e
 =  1  ×  1 0 -3 .  

The CCS  can  be  equ ipped  wi th  i nd icator of transm iss ion  re l i ab i l i ty.  

NOTE  7  I t  i s  not  necessary to  provide  a  separate  warn ing  i n d icator for each  cond i ti on  that  can  affect  transm iss ion  
re l i abi l i ty.  

4.4  Removal  of remote station  transmission  

Means  shal l  be  provided  to  read i l y stop  transm ission  from  the  remote  s tation .  Th is  shal l  be  
ach ieved  by one  or more  of the  fol lowing :  

•  a  device  that i n terrupts  the  power suppl y of transm ission  for the  remote  station ,  where  
such  a  device  shal l  have  d i rect open ing  action  (see  I EC  60947-5-1 : 201 6,  Annex K),  or 

•  removal  of the  battery wi thou t the  use  of a  tool ,  or 
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•  a  ded icated  transm ission  removal  function  in  accordance wi th  I EC 61 508,  I EC  62061  or 
I SO  1 3849-1  and  I SO 1 3849-2,  wi th  an  i n tegri ty i n  accordance wi th  4. 7 . 2 .  

NOTE  A passive  s top  wi l l  resu l t  from  the  removal  of transm ission  power.  

4.5  Establ ishment and  ind ication  of transmission  and  communication  

Power up  of the  remote  station  or re-establ ishment of commun ication  (for example,  after 
power suppl y i n terruption ,  remote  s tation  battery replacement,  l ost  s i gnal  cond i tion)  shal l  not  
acti vate  any output that  i s  i n tended  for control  of hazardous  operations  of the  mach ine.  
I n i ti ation  or re- i n i ti ation  of such  operations  shal l  requ i re  a  del i berate  action  (for example,  
re leas ing  a  con trol  actuator from  i ts  energ ised  pos i tion  and  then  press ing  i t  again).  

The  base  station  shal l  not respond  to  operating  command  s ignals  that can  activate  ou tpu ts  
i n tended  for con trol  of hazardous  operations  of the  mach ine  un ti l  a  neutral  frame has  been  
received  ( i . e .  fo l l owing  re-establ ishment of commun ication) .  

When  transm ission  from  a  remote  station  i s  taking  p lace,  th is  sha l l  be  i nd icated  on  the  remote  
station  (for example,  by an  i nd icati ng  l i gh t,  a  visual  d isplay i nd ication ,  etc. ) .  

NOTE  I t  can  a l so  be  usefu l  to  provi de  a  means  of i nd icati ng  when  a  base  stati on  i s  recei ving  transm issions  from  
an  associated  remote  station .  For example,  an  ou tpu t(s)  on  the  base  station  can  be  des ignated  for th i s  pu rpose,  
and /or a  confi rmation  s i gnal  can  be  transm i tted  to  the  remote  station  i f b i -d i rectional  commun ication  i s  ava i l able.  
Where  the  base  stati on  does  not  provide  a  d esignated  means  of i nd icati on ,  i t  i s  importan t that  the  i n formation  for 
use  of the  CCS  i ncl udes  i nstructions  on  how to  implement  th i s  functiona l i ty (for example,  us i ng  base  station  stop  
ou tpu ts).  

4.6  Safety-related  functions  of the  CCS  

Functions  of the  CCS  that are  i n tended  for safety-related  appl ications  shal l  have  an  
appropriate  safety i n tegri ty.  The  requ irements  of I EC  62061  and /or I SO  1 3849-1 ,  I SO  1 3849-2  
shal l  appl y.  

Upon  detection  of fau l ts,  a l l  re levan t safety-related  ou tpu t sha l l  be  control led  to  OFF-state .  I n  
add i ti on  the  detection  of a  fau l t  i n  the  remote  s tation  that can  l ead  to  the  loss  of a  safety 
re lated  function ,  shal l  cease  the  transm iss ion .  

NOTE  Further i n formation  on  the  des ign  of safety-rel ated  aspects  of con trol  fu nctions  i s  g i ven  i n  I SO  1 21 00  and  
I EC 61 508.  

4.7  Stop  functions  of the  CCS  

4.7. 1  General  

The CCS shal l  provide  an  au tomatic stop  (ATS)  function  and  at l east one  safety re lated  stop  
function  that i s  i n i tiated  by a  del iberate  human  action  on  a  con trol  device  provided  speci fical l y 
for that purpose.  

I n formation  about  l og ic of stop  functions  are  g iven  i n  Annex A.  

NOTE  I n  most appl i cations  th i s  manual l y- i n i ti ated  stop  functi on  i s  e i ther a  GSS  or EMS  (see  4 . 7. 3).  

4.7.2  Safety-related  stop functions  of a  CCS  

Each  safety-related  stop  function  of a  CCS shal l  i n i ti ate  an  OFF-state  of the  re levant stop  
ou tpu t(s)  at the  base  station .  

Each  safety-re lated  stop  function  of a  CCS shal l  have  a  safety i n tegri ty of a t l east S I L1 /PLc.  

I n  add i tion ,  a  s ing le  fau l t  i n  any part  of the  CCS shal l  not  l ead  to  the  l oss  of any safety-related  
stop  function ,  and  whenever reasonabl y practicable,  the  s ing le  fau l t shal l  be  detected  at or 
before  the  next demand  on  the  safety-related  stop  function .  
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4.7.3  Classi fication  of stop  functions  

4.7.3.1  General  

Stop functions  of a  CCS  are  class i fied  as :  

•  con trol  stop;  

•  general  safe  s top  (GSS);  

•  emergency stop  (EMS);  

•  au tomatic  stop  (ATS).  

Table  3  describes  the  characteristics  of the  d i fferen t s top  functions.  

Table  3  – Overview of stop functions  of the  CCS  

Function  Clause  
Safety-
related  
function  

Type of stop  

(see  Fig .2)  

Effect on  
CCS  

Avai labi l i ty 
& 

operabi l i ty 

Control  actuator 

Type  Colour 

Control  s top  4 . 7. 3. 2  E i ther Acti ve,  

pass ive,  

or 

acti ve  
fol l owed  by 
passive  

Defi ned  state  
of (a)  s top  
ou tpu t(s),  or 
of another 
ou tpu t 
associated  
wi th  release  
of a  hol d -to-
run  con trol  
actuator 

or,  i f safety-
rel ated :  

OFF-state  of 
a l l  safety-
rel ated  stop  
ou tpu t(s)  

Operational  
when  the  
CCS  i s  i n  
con trol  of the  
mach ine  

See  
I EC 60204-1  

B lack 

Wh i te  

Grey 

Genera l  safe  
s top  

(GSS)  

4 . 7 . 3 . 3  Yes  Acti ve,  
pass ive,  or 
acti ve  
fol l owed  by 
pass ive  

OFF-state  of 
a l l  safety-
rel ated  stop  
ou tpu t(s)  

Operational  
when  the  
CCS  i s  i n  
con trol  of the  
mach ine  

See  4 . 7. 3. 3  B lack 
(preferred )  or 
red .  Red  shal l  
not  have  a  
yel l ow 
background  

Emergency 
s top  

(EMS)  

4 . 7 . 3 . 4  Operational  
at  a l l  t imes  

Device  that  
compl ies  wi th  
I EC 60947-5-5  

Red  wi th  a  
yel l ow 
background  

Automatic  
s top  

(ATS)  

4 . 7 . 3 . 5  Operational  
when  the  
CCS  i s  i n  
con trol  of the  
mach ine  

Not  

appl i cabl e  

Not appl i cable  

 

4.7.3.2  Control  stop  function  

A control  stop  function  i s  a lways  in i tiated  manual l y by the  operator and  i s  avai lab le  on l y when  
the  CCS  is  i n  control  of the  mach ine.  

A control  s top  function  shal l  be  designed  i n  accordance  wi th  I EC  60204-1 : 2005,  9. 2. 5.3 .  

NOTE  A con trol  s top  function  can  be  i n i ti ated  by releasing  a  hol d -to-run  control  actuator or by an  enabl i ng  device  
that  i s  not  i n  the  run  pos i ti on .  

4.7.3.3  General  safe  stop  (GSS)  function  

The GSS  function  of a  CCS  is  a  safety-related  control  function .  
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Where  the  GSS function  i s  provided  on  a  CCS,  the  remote  station  shal l  i nclude  a  separate  
and  clearl y i den ti fiable  means  of manual l y i n i ti ating  th is  function ,  wh ich  shal l  resu l t  i n  an  OFF-
state  of a l l  safety-related  stop  ou tpu t(s)  at  the  base  s tation .  See  Table  3 .  

The  device  that i n i ti ates  the  GSS function  shal l  have  d i rect open ing  action  (see  I EC 60947-5-
1 : 2003,  Annex K) .  

When  acti ve  operation  of the  actuator has  ceased  fol lowing  i n i ti ation  of the  GSS function ,  the  
effect of the  command  shal l  be  sustained  by engagement of the  device  unti l  i t  i s  d isengaged  by 
a  manual  action  at the  remote  station .  I t  sha l l  not be  poss ib le  to  generate  the  stop  command  
wi thout  l atch ing  the  actuator,  and  latch ing  of the  actuator shal l  not occur wi thout  generation  of 
the  stop  command .  I n  case  of fai lu re  of the  latch ing  mechan ism ,  actuation  of the  device  shal l  
generate  a  s top  command  regard less  of the  l atch ing  of the  actuator.  

When  active  operation  of the  con trol  actuator has  ceased  fo l lowing  i n i ti ation  of the  GSS  
function ,  the  effect of the  command  shal l  be  sustained  by engagement of the  device  unti l  i t  i s  
d isengaged  by an  i n ten tional  manual  action  at  the  remote  s tation .  

NOTE  1  The  s i gnal  produced  by the  GSS  function  i s  i n tended  to  be  used  to  i n i ti ate  e i ther a  s top  category 0  or a  
s top  category 1  of the  mach ine  i n  accordance  wi th  I EC 60204-1 ,  as  determ ined  by the  ri sk assessment.  

NOTE  2  Some CCSs  perform  the  GSS  function  by transm i tting  a  stop  command  before  ceasing  transm iss ion  ( i . e.  
an  acti ve  stop),  whereas  others  on ly cease  transm ission  ( i . e .  a  passi ve  stop).  An  acti ve  stop  can  del i ver a  qu icker 
stop  command  to  the  mach ine’ s  con trol  system ,  because  the  time  delay associated  wi th  recogn is i ng  the  l oss  of a  
va l i d  s i gnal  before  i n i ti ati ng  an  au tomatic  s top  command  i s  absent.  

4.7.3.4  Emergency stop  (EMS)  function  

A CCS that provides  an  EMS function  shal l  comply wi th  the  requ irements  of 4 . 7 . 2 ,  4 . 7 . 3 . 3  and  
the  fol l owing  add i ti onal  requ i rements  (see  a lso  Table  3) :  

a)  the  actuator shal l  be  marked  and /or l abel led  as  an  emergency s top  device  (see  
I EC 60204-1 : 2005,  1 0 . 7 . 3  and  shal l  conform  to  I EC  60947-5-5;  

b)  the  function  shal l  be  avai l able  and  operati onal  at  a l l  t imes;  

c)  the  i n i ti ation  of EMS function  shal l  resu l t  i n  an  OFF-state  of a l l  safety-related  stop  
ou tpu t(s)  at the  base  station ;  

d )  re levant requ irements  of I SO 1 3850  are  satisfied ;  

e)  the  i n formation  for use  (see  Clause  6)  shal l  i nstruct the  system  in tegrator who  
i ncorporates  the  CCS i n to  the  mach ine  control  system  to  ensure  that the  requ i rements  of 
th is  cl ause  are  compl ied  wi th ;  

f)  i n  the  case  of mu l tip le  remote  stations  that are  concurrentl y communicati ng  wi th  a  base  
station ,  the  d isabl ing  of a  remote  s tation  (unavai l abi l i ty of the  EMS function  of the  
d isabled  remote  station)  i n i tiates  an  au tomatic  stop  (ATS)  function .  

NOTE  I t  can  be  usefu l  to  provi de  an  i n d ication  on  the  remote  station  that  the  emergency stop  i s  ava i l able  and  
operati ona l ,  where  bi -d i rectional  commun ication  faci l i tates  th i s .  

4.7.3.5  Automatic  stop  (ATS)  function  

The ATS function  of the  CCS shal l  i n i ti ate  an  OFF-state  of a l l  safety-related  s top  ou tpu t(s)  at  
the  base  station ,  so  as  to  prevent hazardous  operation(s)  of the  mach ine.  See  Table  3 .  

NOTE  1  The  s top  ou tpu ts  affected  by the  ATS  function  can  be  the  same as  those  that  are  swi tched  to  the  OFF-
state  by the  GSS  function  and /or the  EMS  function .  

The ATS function  of a  CCS is  a  safety-related  control  function .  The  ATS  function  shal l  have  a  
safety i n tegri ty that i s  not  l ess  than  the  h ighest safety i n tegri ty of any other safety-related  stop  
functions  provided  by the  CCS.  

The  ATS  function  of the  CCS shal l  be  au tomatical l y i n i ti ated  under cond i ti ons  that  incl ude,  bu t  
are  not l im i ted  to:  
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•  when  a  fau l t  i n  a  safety-re lated  part  of the  CCS  is  detected ;  

•  when  no  va l id  s ignal  has  been  detected  at a  base  s tation  (and  where  necessary i n  
accordance wi th  risk assessment at a  remote  station  i n  a  CCS wi th  b i -d i rectional  
commun ication)  wi th in  a  time period  declared  by the  CCS manufacturer.  Th is  time  period  
shal l  be  determ ined  by a  ri sk assessment at  the  mach ine,  bu t  shou ld  not exceed  0 , 5  s ;  

•  when  transm ission  ceases  (see  4 . 9) .  

NOTE  2  Potenti al  consequences  of l oss  of abi l i ty to  control  the  mach ine  du ri ng  th i s  time  peri od  and  the  effect  on  
the  overal l  mach ine  stoppi ng  time  can  be  cons idered  by the  mach ine  con tro l  system  designer or manufacturer.  

4.8  Reset  

Reset after a  GSS or EMS in i tiated  at a  remote  station  shal l  requ i re  a  del i berate  action  at that 
remote  station  (and  at every remote  station  where  the  safety-related  stop  has  been  in i tiated)  
before  base  station  ou tpu ts  that are  i n tended  for control  of hazardous  operations  of the  
mach ine  can  be  acti vated .  

I f the  d isengagement of the  l atched  GSS or EMS device  resu l ts  i n  communication  re-
establ ishment,  an  add i tional  manual  reset action  at the  remote  s tation  can  be  necessary.  

NOTE  Depend ing  on  the  ri sk assessment,  i n  add i ti on  to  the  reset  action (s)  at  the  remote  s tation ,  i t  can  be  
opportune  to  cons ider the  add i ti on  of one  or more  supplementary fi xed  reset devices  (e. g .  pushbuttons)  at  
l ocation (s)  from  wh ich  the  hazard  zone(s)  can  be  seen  to  be  cl ear of persons.   

Particu lar consideration  i s  necessary when  the  remote  s tation  i s  mobi le  or portable.  

I n terruption  and  reconnection  of power (at e i ther the  remote  or base  station) ,  or a  s i ng le  fau l t  
i n  any part of the  CCS shal l  not resu l t  i n  the  reset of a  previous l y i n i ti ated  safety-re lated  stop  
function  such  as  a  GSS  or EMS  function .  

Reset shal l  not  be  poss ib le  wh i l e  a  detected  fau l t  exists  wi th in  the  CCS.  

See  a lso  6 . 2  q )  for i n formation  to  be  provided  by manufacturer.  

4.9  Cessation  of transmission  from  the  remote  station  

Where the  CCS is  provided  wi th  au tomatic cessation  of transm ission ,  neutral  frames  shal l  be  
transm itted  for a  period  after operati ng  command  s i gnal  have  ceased .  The  duration  of th is  
period  of neutral  frame transm iss ion  shal l  be  stated  by the  CCS  manufacturer.  The  CCS shal l  
i n i tiate  an  ATS  function  at the  end  of th is  pre-determ ined  period  of neu tra l  frame 
transm ission .  

Where  au tomatic cessation  of transm ission  i s  not provided ,  neutra l  frames  shal l  be  
transm itted  un ti l  the  next operati ng  command  s ignal .  

NOTE  Automatic  cessation  of transm ission  wi th  an  i nsu ffi cien t  peri od  of neu tra l  frame  transm iss ion  wi l l  cause  the  
stop  ou tpu t  (and  hence  for example,  the  main  con tactor of a  mach ine)  to  go  to  the  OFF-state  more  frequentl y,  
wh ich  wi l l  i ncrease  the  number of swi tch i ng  operati ons  for the  stop  ou tpu t(s)  and  any components  that  i t  swi tches.  

4.1 0  Latching  control  functions  

For reasons  of ergonom ics  and  functional i ty,  i t  can  be  usefu l  for some CCS  con trol  functions  
to  have  l atch ing  capabi l i ty ( i . e.  not hold - to-run)  implemented  i n  e i ther the  remote  s tation  or 
the  base  station .  

NOTE  1  Latch ing  of parti cu lar con trol  functions  can  be  ach i eved  by a  con trol  actuator on  the  remote  station  (for 
example,  a  b i -stable  swi tch  or a  poten ti ometer),  or i n  the  control  l og i c  of the  base  station .  

Latch ing  i n  the  control  l og ic of the  remote  station  shal l  on l y be  used  to  control  ou tpu ts  
i n tended  for non-hazardous  operations  of the  mach ine.  
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Latch ing  control  functions  i n  the  base  s tation  shal l  not be  used  to  sustain  hazardous  
operations  of the  mach ine,  un less  supported  by the  risk assessment and  rea l i zed  as  safety 
re lated  functions.  I n formation  on  th is  restriction  shal l  be  provided  i n  the  CCS  instructions  for 
use  (see  Clause  6) .  

NOTE  2  I n  some cases,  for example  when  the  CCS  i s  used  to  control  magneti c  or vacuum  l i fti ng  devices,  the  
abi l i ty to  l atch  a  command  i n  the  base  station  can  be  a  usefu l  featu re.  

4.1 1  Behaviour on  loss  of supply 

A variation  in  the  battery vol tage  or power suppl y of the  CCS shal l  not cause  un in tended  
ou tpu t commands  from  the  base  station .  

A visual  warn ing  shal l  be  g i ven  to  the  operator when  a  variation  i n  battery vol tage  exceeds  
speci fied  l im i ts ;  acoustic and /or haptic  may add i tional l y be  provided .  Under these  
ci rcumstances,  the  CCS shal l  remain  functional  for a  speci fic t ime declared  in  the  i n formation  
for use.  

NOTE  A time  period  of 1 0  m in  can  be  considered  su ffi cien t  to  enable  the  mach ine  to  be  pu t  i n to  a  non -hazardous  
cond i ti on .  Th i s  time  peri od  can  vary wi th  battery agei ng  and  envi ronmental  factors  such  as  temperatu re.  

When  the  battery vol tage  becomes so  low that  a  re l i able  transm iss ion  cannot be  guaran teed ,  
the  transm ission  power shal l  be  removed .  I t  shal l  not be  poss ib le  for the  remote  station  to  
transm it further frames  unti l  the  battery vol tage  has  been  restored  to  acceptable  l evels  and  a  
manual  reset operation  has  been  performed  (see  4. 5  and  4. 8).  

Where  i n formation  such  as  configuration  data  or address  codes  is  stored  i n  the  CCS  (see  a lso  
4. 1 5),  the  retention  of such  data  shal l  not depend  on  the  presence of the  suppl y vol tage.  

4. 1 2  Mu ltiple  remote stations  

Where a  CCS is  provided  wi th  more  than  one  remote  station ,  the  CCS  shal l  be  designed  such  
that the  use  of any one  remote  s tation  precludes  the  use  of the  others,  except for the  i n i ti ation  
of the  EMS function .  

NOTE  Th is  requ i rement  i s  not  appl i cable  to  remote  station (s)  that  are  not  i n  service.  

There  shou ld  be  a  means  of ind icating  wh ich  remote  station  i s  i n  con trol  of the  base  station  
(see  also  4 . 5).  

Transfer of control  from  one  remote  station  to  another shal l  requ ire  a  del iberate  action  
speci fical l y designed  for that purpose  at the  remote  station  that has  con trol ,  i n  order to  
m in im ise  the  possib i l i ty of hazardous  s i tuations  that  m ight otherwise  resu l t from  such  transfer.  

4.1 3  Mu l tiple  base  stations  

When  a  remote  s tation  can  be  used  to  communicate  wi th  one  of several  base  stations,  means  
shal l  be  provided  on  the  remote  station  to  se lect wh ich  base  s tation (s)  i s(are)  to  be  
connected .  Se lecti ng  connection  to  a  particu lar base  station  shal l  not,  by i tsel f,  resu l t  i n  
con trol  commands  at that base  s tation .  

When  a  remote  station  can  be  used  to  control  more  than  one  base  station ,  an  i nd ication  shal l  
be  provided  on  the  base  and /or on  the  remote  station  to  confi rm  wh ich  base  station(s)  i s(are)  
under the  control  of the  remote  station .  

4.1 4  Suspension  of CCS control  

A suspension  mode may be  provided  to  a l l ow the  con trol  of the  mach ine  to  be  swi tched  from  a  
CCS to  another operator control  station ,  wi thou t having  OFF-state  on  the  base  station .  See  
a lso  4 . 1 3.  
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NOTE  Th is  typical  mode/feature  when  a  mach ine  can  operate  wh i l e  the  remote  stati on  i s  swi tched  off,  for 
example,  to  preserve  battery charge,  or wh i l e  the  mach ine  i s  control l ed  by another operator control  s tation  or by  
the  mach ine  control  system  (e. g .  au tomatic  mode).  

Means  shal l  be  provided  wi th in  the  CCS to  enable  the  remote  s tation  to  su rrender and  regain  
con trol  of the  mach ine.  These  actions  shal l  be  performed  by a  del iberate  action  on  the  remote  
station  speci fical l y designed  for that purpose,  for example,  a  special  task i nvolving  the  use  of 
a  designated  swi tch  or a  key swi tch  may be  used .  

After the  surrend ing  has  been  completed ,  the  remote  station  is  no  longer in  control  of the  
mach ine.  After the  regain  has  been  completed ,  the  remote  s tation  i s  i n  con trol  of the  mach ine.  

The  suspension  shal l :  

•  be  ind icated  on  the  remote  station  and  

•  acti vate  an  ou tpu t s i gnal  at  the  base  station  for the  mach ine  con trol  system .  

Where  th is  mode is  avai l ab le,  EMS  is  not  a l l owed  on  the  remote  s tation .  

4.1 5  Configurabi l i ty protection  

Measures  shal l  be  taken  to  ensure  that any configurable  functional i ty of a  CCS  is  protected  
against  unau thorised  mod i fication .  Example  of such  configurable  functional i ty are,  the  
duration  of neutral  frame transm ission  (see  4 . 9),  or the  commun ication  pa iring  of remote  and  
base  stations,  i nclud ing  a l location  of con trol  actuators  to  ou tpu ts  (see  4 . 2. 3) .  

5 Veri fication  

5.1  General  

The speci fied  requ irements  of a  CCS and  i ts  i n terfacing  wi th  the  mach ine  con trol  system  shal l  
be  veri fi ed  by visual  in spection ,  anal ys is  ( i . e .  ca lcu lations)  and /or testi ng  ( i . e .  type  tests,  
acceptance/routi ne  tests,  functional  tests  and  in tegration  tests)  carried  ou t by the  
manufacturer of the  CCS  and /or the  system  in tegrator as  appropriate  ( i . e .  as  speci fi ed  i n  the  
i n formation  for use  provided  by the  CCS manufacturer) .  

NOTE  Some of the  veri fi cation  acti vi ti es  relate  to  properti es  of the  CCS  i tsel f,  wh i l e  others  re late  to  the  correct  
confi gu rati on  of the  CCS  and  the  su i tabi l i ty of i ts  i n terfacing  wi th  the  mach ine  con trol  system .  

Where any aspect of the  configuration  of the  CCS wi th  the  mach ine  con trol  system  is  changed  
or mod i fied ,  appropriate  veri fication  shal l  be  repeated .  

5.2  Label l i ng  and  markings  

I t  shal l  be  veri fi ed  that there  is  unambiguous  identi fication  on  the  CCS remote  s tation  and  the  
base  station  and  that the  nameplates  of each  i nclude  at  l east the  i n formation  speci fi ed  in  
Clause  7.  

5.3  Documentation  

Veri fy that the  CCS compl ies  wi th  the  i n formation  for use  (see  Clause  6).  

5.4  Functional  veri fications  

Compl iance  wi th  the  functional  requ irements  speci fied  i n  C lause  4  shal l  be  checked  by 
carrying  out appl icable  tests;  a  test may be  om i tted  i f anal ys is  demonstrates  conclus ive l y that  
the  CCS  wou ld  pass  the  test.  

A summary of the  functional  requ i rements  of the  CCS that requ i re  veri fication  is  provided  in  
Table  4  that a lso  covers  veri fication  procedures  appl icable  to  the  system  in tegrator for the  
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i n terfacing  of the  CCS  wi th  the  mach ine  control  system ,  as  speci fi ed  i n  the  i n formation  for 
use.  See  6. 2,  x) .  
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Table  4 – Verification  of functional  requ i rements  

Ref.  
Clause  

Requ i rement  

Method  
(one or more  of the  speci fi ed  

methods  appl y)  Addi tional  veri fication  requ i rements  

Anal ysi s  Testing  Visual  
i nspection  

4. 2. 1  I nadverten t actuation   X  X Wh i l e  the  CCS  i s  i n  an  operati onal l y-ready state,  the  portable  
remote  s tation  sha l l  be  tested  i n  accordance  wi th  5. 1  (Drop  and  
toppl e)  and  5. 2  (Freefal l  procedure  1 )  of I EC 60068-2-31 : 2008.  I n  
add i ti on  to  the  fi nal  i nspection  and  checks  defi ned  i n  Cl ause  6  of 
I EC 60068-2-31 : 2008,  du ri ng  these  tests  no  s i gnal  change  shal l  
occur except for that  correspond ing  to  GSS,  EMS  or ATS  
functions.  

4 . 2. 2  Preventi on  of u nauthori zed  operati on   X  X  

4 . 2. 3  Preventi on  of u n in tended  commands  Xa  Xa    

4 . 3  Serial  data  transfer X X  To  test  a l so  the  i ncorrect  addressing  and  corruption  of frames,  for 
example  creati ng  d i stu rbances.  

4 . 4  Removal  of remote  station  transm ission  power X X   

4 . 5  Establ i shment  and  i nd icati on  of transm iss ion  and  commun ication   X X  

4 . 6  Safety-re lated  functi ons  of the  CCS  X X   

4 . 7  Stop  functions  of the  CCS  X X X  

4 . 7 . 3 . 4  Add i ti onal  requ i rements  for the  EMS  function  Xa  Xa  Xa   

4 . 8  Reset   X X  

4 . 9  Cessation  of transm ission  from  the  remote  s tation   X   

4 . 1 0  Latch ing  control  functions  X X   

4 . 1 1  Behaviour on  l oss  of supply   X   

4 . 1 1  Battery-powered  remote  station   X X The  battery shal l  i n i ti a l l y be  fu l l y charged  i n  accordance  wi th  the  
manufacturer’ s  recommendation .  Du ri ng  these  tests ,  the  charg ing  
suppl y shal l  be  d i sconnected  from  the  remote  station ,  the  remote  
s tation  shal l  be  commun icati ng  wi th  the  maximum  number of base  
s tations  (for example,  1  i n  s i ng le,  2  i n  tandem)  and  the  remote  
s tation  shal l  con ti nue  to  transm i t  for the  du ration  of the  test.  

4 . 1 2  Mu l ti pl e  remote  s tations   X X  

4 . 1 3  Mu l ti pl e  base  stations   X X  

4 . 1 4  Suspension  of CCS  con trol  X X   

4 . 1 5  Confi gu rab i l i ty protection   X   

a  Al l  marked  methods  appl y for th i s  veri fi cation  
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6 Information  for use  

6.1  General  

Al l  i n formation  necessary for the  i denti fication ,  transport,  i nsta l l ation ,  use,  main tenance and  
decommission ing  and  d i sposal  of a  CCS shal l  be  suppl ied  i n  an  appropriate  format,  for 
example,  d rawings,  d iagrams,  charts ,  tab les,  i nstructions .  

NOTE  1  The  techn ica l  documentation  provided  wi th  a  CCS  wi l l  form  part  of the  overal l  documentation  of the  
mach ine.  

NOTE  2  I n  some  countri es,  the  requ i rement to  use  speci fi c  l anguage(s)  i s  covered  by l egal  requ i rements.  

6.2  Information  to  be  provided  

The documentation  made  avai lab le  to  the  user shal l  i nclude  the  fol l owing  i n formation .  

a)  The  manufacturer’s  name ( trade  name,  mark of orig i n )  and  fu l l  address .  

b)  A general  description  of the  CCS.  

c)  The  environmental  and  operating  cond i ti ons  ( temperature,  hum id i ty,  etc. )  under wh i ch  the  
remote  station  and  the  base  station  are  i n tended  to  be  used .  

d )  The  transm ission  ou tpu t power or em iss ion  l evel .  

e)  Deta i l s  of the  rated  operating  vol tage  (DC,  AC,  frequency)  and  power consumption ,  
i ncl ud ing  the  fol lowing  detai ls  for the  battery:  

– recommended  battery speci fication  for the  remote  station ,  i f replaceable  by the  user;  

– duration  of typical  operation  on  a  s ing le  battery charge  and  i ts  reference  cond i tions;  

– procedures  for replacing  and  charg ing  batteries ;  

– approximate  time between  a  l ow battery warn ing  and  the  i n i tiation  of remote  station  
shu tdown  and  factors  (e. g .  ageing  or temperature  of battery)  that can  affect such  a  
time.  

f)  Nom inal  operating  d is tance  range  i n  free  l i ne  of s i gh t.  

g )  I nstructions  on  how to  resolve  poten tia l  i n terference problems  between  the  CCS and  other 
systems i n  use  at  that location .  

h )  Deta i ls  of a l l  con trol  actuators  and  the ir associated  control  functions,  i nclud ing  the  
maximum  response  time  for each  control  function .  

i )  Where  appl icable,  i nstructions  on  the  transfer of con trol  between  d i fferen t remote  stations.  

j )  Whether or not an  au tomatic power-off (removal  of transm ission  power)  i s  provided ,  and  
the  maximum  duration  of neu tral  frame transm ission  where  i t  i s  provided .  

k)  Whether any control  functions  and  associated  outputs  of the  base  s tation  have  l atch ing  
functional i ty (see  4 . 1 0)  that i s  e i ther user-configurable  or factory preset,  and  provide  
configuration  i nstructions  as  appropriate.  Provide  i nstructions  on  restrictions  relati ng  to  
the  use  of la tch ing  functional i ty for the  control  of hazardous  operations  of the  mach ine  
i nclud ing  functional i ty i n  transi ti onal  s i tuations  such  as  power-up  or re-establ ishment of 
communication .  

l )  Whether the  communication  pai ring  between  remote  and  base  stations  is  factory preset or 
user-configurable,  and  provide  configu ration  i nstructions  as  appropriate.  

m )  A functional  speci fication  of each  safety-related  con trol  function  ( i nclud ing  stop  functions)  
supported  by the  CCS,  to  i ncl ude:  

– a  description  of i ts  functional i ty;  

– the  reaction  i n  case  of error detection ;  

– tim ing  i n formation ,  i nclud ing  any de lay time for the  safety-re lated  output i n terface  (e. g .  
con tacts)  for the  EMS,  GSS and  ATS functions.  

n )  For the  ATS function  of the  CCS (see  4 . 7 . 3 . 5),  speci fy:  
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–  a l l  cond i tions  that resu l t i n  i ts  i n i tiation ;  

– the  time i n terval  between  the  loss  of a  va l i d  s i gnal  and  i ts  i n i tiation ;  

– the  maximum  response  time wi th in  the  CCS;  i n  case  of d i fferen t time for d i fferent  
reasons,  each  time  has  to  be  declared .  

o)  For each  safety-related  con trol  function ,  a  speci fication  of i ts  safety i n tegri ty i n  terms  of:  

– a  S I L  i f i t  i s  des igned  i n  accordance wi th  I EC 61 508  or I EC  62061 ,  and /or 

– a  PL i f i t  i s  designed  in  accordance wi th  I SO 1 3849-1 .  

NOTE  Add i ti onal  re levant  data  (e. g .  PFH
D
,  MTTF

D
/B1 0

D
,  DC,  SFF)  can  be  used  to  faci l i tate  i n teg rati on  of the  

CCS  i n to  a  mach ine  control  system .  

p)  Detai l s  of a l l  i n i ti ators  of a  stop  function  of the  CCS,  i nclud ing  whether each  wi l l  resu l t  i n  a  
stop  command  that i s  acti ve,  pass ive,  or acti ve  fol lowed  by pass ive  and  the  maximum  
response times  wi th in  the  CCS.  

q )  I nstructions  for perform ing  a:  

– reset after any safety-re lated  s top  function  has  been  in i tiated ;  

– recovery after l oss  of communication ,  or fa i lu re  or mal function  of the  remote  s tation  or 
the  base  station .  

r)  I nstructions  on  the  use  and  avai l abi l i ty of the  EMS function ,  where  provided ,  to  i ncl ude  an  
i nstruction  that the  emergency stop  device  of a  portable  or mobi le  remote  station  shal l  not  
be  the  sole  means  of in i tiati ng  the  EMS function  of a  mach ine.  

s)  An  instruction  that a  reset after an  EMS function  has  been  i n i tiated  at a  portable  or mobi l e  
remote  station  shal l  on l y be  poss ible  when  i t  can  be  seen  that the  reason  for i n i ti ation  has  
been  resolved ,  and  that th is  can  requ i re  the  use  of supplementary fixed  reset devices .  

t)  Speci fy wh ich  outpu ts  of the  base  s tation  can  be  acti vated  when  on l y a  neu tral  frame is  
being  received  (or wi thou t receiving  a  neu tral  frame fol lowing  re-establ ishment of 
communication)  and  provide  warn ings  abou t their use  for the  control  of hazardous  
operations  of the  mach ine.  

u )  I nstructions  on  the  means  of preventing  unauthori sed  operation .  

v)  Description  of error code  hand l ing  and  recommended  operator reactions .  

w)  I f the  EMS  function  i s  provided ,  speci fy that has  to  be  avai lab le  and  operational  at  a l l  
times,  regard less  of the  operating  mode of the  mach ine  (for example,  au tomatic/manual ,  
remote/local ) .  

x)  Detai ls  of a l l  veri fication  acti vi ties  that i t  are  necessary for the  system  in tegrator to  
perform  when  the  CCS i s  i n tegrated  i n to  the  e lectrica l  equ ipment of the  mach inery (see  
Table  5  and  5. 4) .  
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Table  5  – List of possible  veri fications  to  be  requ i red  to  the  system  integrator 

Functional  requ i rement  

I nadvertent  actuation  

Preventi on  of u nau thori zed  operati on  

Preventi on  of u n in tended  commands  

Removal  of remote  station  transm iss ion  power 

Establ i shment  and  i nd icati on  of transm ission  and  commun ication  

Safety-re lated  functions  of the  CCS  

Stop  functions  of the  CCS  

Reset  

Latch ing  con trol  fu nctions  

Behaviour on  l oss  of supply  

Battery-powered  remote  station  

Warn ing  i nd icators  

Mu l ti pl e  remote  s tations  

Mu l ti pl e  base  s tations  

Response  time  

Suspension  of CCS  con trol  

 

7 Label l ing  and  markings  

The CCS base  station  and  remote  station  shal l  each  have  a  nameplate  that i s  l eg ib l y and  
durabl y marked ,  and  su i table  to  wi thstand  the  appl ication  (envi ronment,  etc. )  and  i n tended  
use.  The  nameplate  on  both  the  base  station  and  remote  station  shal l  con tain  at l east the  
fol l owing  in formation :  

•  name or trade  mark of suppl ier;  

•  certi fication  mark,  when  requ i red ;  

•  seria l  number and  model ;  

•  operating  frequency band ;  

•  the  rated  vol tage  

and  where  re levant:  

•  type  and  rati ng  of batteries;  

•  add i ti onal  markings  as  necessary to  i den ti fy matched  remote  station(s)  and  base  
station(s) .  
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Annex A 
(informative)  

 
Logic of stop functions  

The stop  functions  of a  CCS can  be  in i tiated  manual l y or au tomatical l y and  can  be  performed  
by an  acti ve  s top  and/or a  passive  stop.  

NOTE  An  acti ve  stop  can  be  au tomatical l y fol l owed  by a  passive  stop.  

Figure  A. 1  shows  typical  l og ic sequences  for stop  functions  of a  CCS.  Numbers  1  to  5  beside  
the  arrows  correspond  to  the  sequences.  

 

Figure A. 1  – Log ic  for stop functions  
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Sequence  1  represen ts  a  type  of manual l y- i n i ti ated  stop  that resu l ts  i n  a  s top  state  of the  non-
safety-re lated  stop  ou tpu ts  of the  CCS.  For example,  re leas ing  a  hold -to-run  con trol  actuator 
resu l ts  i n  the  CCS perform ing  a  control  s top  function ,  wh ich  causes  associated  movement of 
the  mach ine  to  stop.  An  OFF-state  is  not produced  at  the  base  station .  

Sequences  2 ,  3  and  4  represent various  types  of manual  s top  (3. 20)  or au tomatic stop  (3 . 1 9) ,  
a l l  of wh ich  u l timatel y resu l t  i n  an  OFF-state  at  the  base  s tation .  

a)  Sequence  2  – An  active  stop  on l y:  

•  Manual  stop  (3. 20)  example:  Acti vati ng  a  STOP actuator causes  a  s top  s ignal  to  be  
transm i tted  by the  remote  station ,  wh ich  produces  an  OFF-state  at the  base  station .  
The  remote  station  transm ission  power i s  not removed .  

•  Au tomatic stop  (3. 1 9)  example:  I n  response to  a  particu lar s i tuation ,  the  remote  station  
transm i ts  a  stop  s i gnal ,  wh ich  produces  an  OFF-state  at the  base  station .  The  remote  
station  transm iss ion  power is  not removed .  

b)  Sequence 3  – An  acti ve  stop  au tomatical l y fo l l owed  by removal  of remote  station  
transm ission  power.  An  OFF-state  i s  i n i tiated  at the  base  s tation  by an  acti ve  s top  (3a)  
and  by a  pass ive  stop  (3b) .  The  passive  stop  (3b)  therefore  i n i ti ates  an  OFF-state  even  i f 
the  acti ve  stop  (3a)  i s  i neffective:  

•  Manual  stop  (3. 20)  example:  Acti vati ng  a  STOP actuator causes  a  stop  s ignal  to  be  
transm i tted  and  i t  then  a lso  removes  the  remote  station  transm ission  power.  An  OFF-
state  is  i n i tiated  at the  base  station  when  i t  receives  the  stop  s ignal ,  or when  the  
subsequent absence  of a  va l i d  s ignal  i s  detected .  

•  Au tomatic stop  (3. 1 9)  example:  I n  response to  a  particu lar s i tuation ,  the  remote  station  
transm i ts  a  stop  s i gnal  before  the  transm ission  power i s  removed .  An  OFF-state  i s  
i n i tiated  at the  base  station  when  i t  receives  the  stop  s i gnal ,  or when  the  subsequent 
absence  of a  va l i d  s i gnal  i s  detected .  

c)  Sequence  4  – A passive  stop  resu l ti ng  from  removal  of remote  station  transm ission  power:  

•  Manual  stop  (3. 20)  example:  Acti vati ng  a  STOP actuator removes  the  remote  station  
transm ission  power.  An  OFF-state  i s  i n i ti ated  at the  base  station  when  i t  detects  the  
resu l ting  absence of a  va l id  s ignal .  

•  Au tomatic stop  (3 . 1 9)  example:  I n  response to  a  particu lar s i tuation ,  the  removal  of 
transm ission  power is  tri ggered  in  the  remote  s tation .  An  OFF-state  i s  i n i ti ated  at the  
base  station  when  i t  detects  the  resu l ti ng  absence  of a  va l id  s ignal .  

Sequence 5  represents  a  fu rther type  of au tomatic s top  (3. 1 9),  i n  wh ich  a  pass ive  s top  and  
the  resu l ting  OFF-state  i s  au tomatical l y i n i ti ated  at the  base  station .  For example ,  the  remote  
station  is  moved  ou ts ide  of the  operating  range,  i . e.  too  far from  the  base  station ,  wh ich  
au tomatica l l y i n i ti ates  an  OFF-state  at the  base  s tation  because  a  val i d  s i gnal  i s  absent.  
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