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SAFETY OF MACHINERY – APPLICATION OF PROTECTIVE  
EQUIPMENT TO DETECT THE PRESENCE OF PERSONS 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss i on  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  compri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  o f  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i ci pate  i n  th i s  preparati on .  I EC col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zati ons.  

2)  The  formal  deci s i ons  or  ag reements  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  f rom  al l  
i n terested  I EC  Nati onal  Comm ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensu re  that  the  techn i cal  con ten t  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any 
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Comm i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  maximum  exten t  poss ible  i n  thei r  nat i onal  and  reg i onal  publ i cat i ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependen t  cert i f i cat i on  bod ies  provide  con form i ty  
assessment  servi ces  and ,  i n  some  areas,  access  to  I EC marks  of  con form i ty.  I EC  i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cati on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i 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  o r  agen ts  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i 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  o r  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 cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cat i on  or  any other I EC  
Publ i cat i ons .   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  appl i cati on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some of  the  e l ements  of  th i s  I EC  Publ i cat i on  may be  the  subject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri gh ts .  

I n ternati onal  Standard  I EC  62046  has  been  prepared  by I EC techn ical  comm i ttee  44:  Safety 
of  mach inery – E lectrotechn ical  aspects.  

Th is  f i rs t  ed i t i on  cancels  and  replaces  I EC  TS  62046,  publ i shed  i n  2008.  Th is  ed i t ion  
consti tu tes  a  techn ical  revis ion .  

Th is  ed i t ion  i ncludes  the  fo l l owing  s i gn i f i can t  techn ical  changes  wi th  respect  to  I EC  TS  
62046:2008:  

a)  add i t i onal  annexes  re lat i ng  to  muti ng  and  vis i on  systems,  

b)  muting  requ i remen ts  have  been  updated ,  

c)  b lanking  requ i rements  have  been  updated,  

d )  add i t i on  of  I EC  61 496  series  Types  and  capping  the  Safety I n tegri ty level  accord ing  to  
IEC  62061  and  performance  levels  accord ing  to  I SO  1 3849-1 ,  

e)  al i gnment  to  changes  i n  I EC  61 496  seri es .  
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The  text  of  th is  I n ternational  Standard  i s  based  on  the  fo l lowing  documents :  

FDIS  Report  on  vot i ng  

44/803/FDIS  44/81 2/RVD  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of  th is  I n ternati onal  Standard  can  be  found  i n  
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 i recti ves ,  Part  2.  

The  comm ittee  has  decided  that  the  con ten ts  of  th is  document wi l l  remain  unchanged  un t i l  the  
stabi l i ty date  i nd icated  on  the  I EC  webs i te  under "h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  
the  speci f ic  document.  At  th is  date,  the  document  wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  amended.  

A bi l i ngual  vers ion  of  th is  publ icati on  may be  i ssued  at  a  l ater date.  

IMPORTANT – The 'colour inside'  l ogo  on  the cover page of  th is  publ ication  ind icates  
that  i t  contains colours wh ich  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  

This  I n ternati onal  Standard  provides  requ i rements  and  i n formation  on  the  appl ication  of  
protecti ve  equ ipment,  wh ich  employs  (a)  sens ing  device(s)  to  detect  person (s) ,  i n  order to  
reduce  or  m in im ize  a ri sk from  hazardous  parts  of  mach inery,  wi thout  provid ing  a phys ical  
barrier.  

The  obj ecti ve  of  th is  documen t i s  to  ass is t  s tandards  wri t i ng  comm i ttees  responsible  for  
developing  mach ine  standards  ("C"  Standards) ,  mach ine  des igners,  manufacturers  and  
refu rbishers,  mach ine  safety certi f ication  organ i zati ons ,  workplace  au thori t i es  and  others  on  
the  proper  appl icati on  of  protecti ve  equ ipment  to  mach inery.  

Fi gu re  1  and  F igure  2  show the  general  con text  and  the  i n tended  use  of  th i s  standard .  

Clauses  1  to  5 ,  7  and  8  of  th is  document  appl y to  al l  protecti ve  equ ipmen t i ncl uded  i n  the  
scope,  C lause  6  contains  gu idance  for the  appl icati on  of  speci f ic  ki nds  of  protecti ve  
equ ipment.  

The  principles  of  th is  documen t can  be  usefu l  i n  the  appl ication  of  devices  us i ng  other 
detection  technolog ies  bu t  th is  document does  not  g i ve  speci f ic  requ i rements  for devices  
other than  those  l i sted  above.  

Th is  document  cons iders  devices  s tandard ised  i n  the  I EC  61 496  series  and  the  I SO 1 3856  
series .  Un less  a product-speci fi c  safety-related  standard  for  devices  us i ng  other sensing  
technolog ies  i s  publ i shed,  thei r  su i tabi l i ty as  the  so le  means  of  protecti on  from  mach ine  
hazards  i s  unknown .  Great  care  shou ld  be  taken  i n  the  se lecti on  and  use  o f  devices  for wh i ch  
there  i s  no  product-speci f ic  safety-re lated  standard  because  thei r  behaviour,  part icu larl y  
under fau l t  cond i t i ons,  i s  not  known  to  be  su ffi ci en tl y pred ictable.  

An  SI LCL (SIL c laim  l im i t,  see  I EC 62061 )  or  PL (Performance  Level ,  see  I SO 1 3849-1 )  or  SI L 
(Safety I n tegri ty Level ,  see  I EC  61 508)  i s  not  su ffi ci en t  as  an  ind ication  of  a  device's  
su i tabi l i ty for use  as  a  safeguard.  Su i tabi l i ty depends  on  appropriate  sens ing  means,  
envi ronmental  cond i t ions  especial l y those  that  can  affect  the  detection  capabi l i ty,  behaviour  
under fau l t  cond i t i ons,  etc  
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Figure 1  – Relationship  of  th is  I n ternational  Standard   
to  other standards  

(see  also  F igure  2)  

IEC  
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SAFETY OF MACHINERY – APPLICATION OF PROTECTIVE  
EQUIPMENT TO DETECT THE PRESENCE OF PERSONS 

 
 
 

1  Scope 

This  I n ternati onal  Standard  speci f i es  requ i remen ts  for the  se lecti on ,  pos i ti on ing ,  con fi guration  
and  comm ission ing  of  protecti ve  equ ipment  to  detect  the  momentary or conti nued  presence  of  
persons  i n  order  to  protect  those  persons  from  dangerous  part(s)  of  mach inery i n  i ndustrial  
appl ications .  Th is  s tandard  covers  the  appl icati on  of  e lectro-sens i ti ve  protecti ve  equ ipment  
(ESPE)  speci f ied  i n  I EC  61 496  (al l  parts)  and  pressure  sens i t i ve  mats  and  f loors  speci fi ed  i n  
ISO 1 3856-1 .  

I t  takes  in to  account  the  characteris tics  of  the  mach inery,  the  protecti ve  equ ipment,  the  
envi ronment  and  human  i n teracti on  by persons  of  1 4  years  and  o l der.  

Th is  document  i ncl udes  i n formative  annexes  to  provide  gu idance  on  the  appl ication  of  
protecti ve  equ ipment  to  detect  the  presence  of  persons.  These  annexes  con tain  examples  to  
i l l us trate  the  principles  of  th is  standard.  These  examples  are  not  i n tended  to  be  the  on l y 
so lu tions  to  a g i ven  appl i cati on  and  are  not  i n tended  to  restrict  i nnovation  or advancement  of  
technology.  The  examples  are  provided  on l y as  representati ve  so lu ti ons  to  i l l ustrate  some of  
the  concepts  of  i n tegration  of  protecti ve  equ ipment,  and  have  been  s impl i f ied  for c lari ty,  so  
they may be  i ncomplete.  

2 Normative references  

The fo l l owing  documents  are  referred  to  i n  the  text  i n  such  a way that  some or al l  of  the i r  
con ten t  consti tu tes  requ i rements  of  th is  document.  For dated  references,  on l y the  ed i t i on  
ci ted  appl i es.  For undated  references,  the  latest  ed i t i on  of  the  referenced  documen t ( i ncl ud ing  
any amendments)  appl i es.  

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

I SO 1 21 00:201 0 1 ,  Safety of machinery – General principles for design – Risk assessment and 
risk reduction  

I SO 1 3849  (al l  parts) ,  Safety of machinery – Safety-related parts of control systems  

I SO 1 3855:201 0,  Safety of machinery – Positioning of safeguards with respect to the 
approach speeds of parts of the human body 

3 Terms,  defin i tions and  abbreviated  terms 

3.1  Terms and  defin i t ions  

For the  purposes  of  th is  document,  the  fo l l owing  terms  and  defi n i t i ons  apply.  

___________ 

1  I SO 1 21 00:201 0  consti tu tes  a  consol i dat i on  wi thou t  techn i cal  changes  of  I SO 1 21 00-1 :2003,  
I SO 1 21 00-2:2003,  I SO 1 41 21 - 1 :2007  and  re l ated  amendmen ts.  Th i s  consol i dati on  does  not  requ i re  updates  or  
revi s i ons  to  type  B-  and  type  C-  s tandards  or  o ther documents  (e . g .  for  ri sk assessment)  based  on  the  previous  
s tandards .  
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ISO and  I EC  main tain  term ino log ical  databases  for  use  i n  s tandard i zat i on  at  the  fo l l owing  
addresses:  

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

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

3.1 . 1   
act ive  opto-electronic  protective  device  
AOPD 
device  whose  sens ing  function  i s  performed  by opto-electron ic  em i tt i ng  and  receivi ng  
e lemen ts  detecti ng  the  i n terruption  of  optical  rad iat i ons  generated,  wi th in  the  device,  by an  
opaque  object  presen t  i n  the  speci fi ed  detection  zone  (or  for  a  l i gh t  beam  device,  on  the  axis  
of  the  l i g h t  beam)  

[SOURCE:  IEC 61 496-2:201 3,  3 . 201 ]  

3.1 .2   
actuation  of  an  ESPE 
detecti on  of  an  object  caus ing  the  OSSD(s)  to  go  to  the  OFF-state  

3.1 .3   
active  opto-electronic  protective  device  responsive to  d i ffuse  reflection  
AOPDDR 
device,  whose  sens ing  functi on  i s  performed  by opto-electron ic  em i tt i ng  and  receivi ng  
e lements,  that  detects  the  d i ffuse  reflection  of  optical  rad iat i ons  generated  wi th in  the  device  
by an  obj ect  present  i n  a  detecti on  zone  speci f ied  i n  two  d imens ions  

[SOURCE:  I EC  61 496-3:2008,  3 . 301 ]  

3. 1 .4   
blanking  
optional  function  that  perm i ts  an  obj ect  of  a  s i ze  g reater than  the  de tecti on  capabi l i ty of  the  
ESPE to  be  located  wi th i n  the  detecti on  zone  wi thou t  causing  an  OFF-state  of  the  OSSD(s)  

Note  1  to  en try:  B l anked  beams are  mon i tored  for con t i nued  i n terrupti on  of  l i g h t. .  

[SOURCE:  I EC  61 496-1 :201 2,  3 . 1 ,  mod i fi ed  – Note  1  to  en try has  been  modi f i ed ,  Note  2  to  
en try has  been  removed]  

3. 1 .5   
detection  capabi l i ty  
sens ing  function  parameter  l im i t  speci f i ed  by the  suppl ier  that  wi l l  cause  actuation  of  the  
protecti ve  equ ipment  

[SOURCE:  I EC  61 496-1 :201 2,  3 . 3 ,  mod i f i ed  – "e lectro-sens i ti ve"  has  been  removed  before  
"protecti ve  equ ipment" ]  

3. 1 .6   
detection  zone 
zone  wi th i n  wh ich  a speci fi ed  test  p i ece  wi l l  be  detected  by the  e lectro -sens i t i ve  protecti ve 
equ ipment  (ESPE)  

Note  1  to  en try:  I SO 1 3856-1  uses  the  term  “effecti ve  sensi ng  area”  when  descri bi ng  pressure-sensi t i ve  mats  and  
f l oors.  I n  th i s  document  the  terms  “detecti on  zone”  and  “effect i ve  sensi ng  area”  are  used  synonymousl y.  

[SOURCE:  I EC 61 496-1 :201 2,  3 . 4,  modi f i ed  – Note  1  to  en try has  been  added]  
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3. 1 .7   
el ectro-sensi tive  protective equ ipment  
ESPE 
assembly of  devices  and/or components  working  together for protecti ve  tr i pping  or presence-
sens ing  pu rposes  and  compris i ng  as  a m in imum  

– a sensing  device;  

– con trol l i ng /mon i tori ng  devices;  

– ou tpu t  s i gnal  swi tch ing  devices  

[SOURCE:  I EC 61 496-1 :201 2,  3 . 5,  modi f i ed  – (Notes  1  and  2  to  en try have  been  removed]  

3.1 .8   
effective  sensing  area,  <of  a  pressure-sens i ti ve  mat or  f l oor>  
part  of  the  top  surface  area of  the  sensor or  a  combinati on  of  sensors  of  the  pressure-
sens i t i ve  mat or  pressure-sensi t i ve  f loor  wi th i n  wh ich  a response  to  an  actuati ng  force  wi l l  
take  p lace  

Note  1  to  en try:  I EC  61 496-1  uses  the  term  “detecti on  zone”  when  descri bi ng  e l ectro-sensi t i ve  protecti ve  
equ i pment.  I n  th i s  document  the  terms  “detect i on  zone”  and  “effect i ve  sens i ng  area”  are  used  synonymously.  

[SOURCE:  ISO 1 3856-1 :201 3,  3 . 4,  modi f i ed  – Note  1  to  en try has  been  mod i f i ed ]  

3. 1 .9   
external  device  moni toring  
EDM  
means  by wh ich  the  e lectro-sens i t i ve  protecti ve  equ ipmen t (ESPE)  mon i tors  the  state  of  
con trol  devices  wh ich  are  external  to  the  ESPE  

[SOURCE:  IEC  61 496-1 :201 2,  3 . 6]  

3. 1 . 1 0   
fai lu re,  <of  equ ipment>  
term ination  of  the  abi l i ty of  an  i tem  to  perform  a  requ i red  function  

Note  1  to  en try:  After fai l u re  the  i tem  has  a  fau l t .  

Note  2  to  en try:  "Fai l u re"  i s  an  event,  as  d i s t i ngu i shed  from  " fau l t" ,  wh i ch  i s  a  s tate.  

Note  3  to  en try:  Th i s  concept  as  defi ned  does  not  apply to  i tems  cons i st i ng  of  software  on l y.  

[SOURCE:  I EC 60050-1 91 : 1 990,  1 91 -04-01 ]  

3.1 . 1 1   
fai lu re  to  danger 
fai l u re  wh ich  prevents  or  de lays  al l  ou tpu t  s ignal  swi tch ing  devices  go ing  to ,  and/or remain i ng  
i n  the  OFF-state  i n  response  to  a cond i t ion  wh ich ,  i n  normal  operation ,  wou ld  resu l t  i n  the i r  so  
do i ng  

[SOURCE:  IEC  61 496-1 :201 2,  3 . 8]  

3.1 . 1 2   
fau l t  
state  of  an  i tem  characteri zed  by i ts  i nabi l i ty to  perform  a requ i red  functi on ,  exclud ing  the  
i nabi l i ty during  preventive  main tenance  or other p lanned  actions,  or  due  to  lack of  external  
resources  

Note  1  to  en try:  A fau l t  i s  often  the  resu l t  o f  a  fai l u re  of  the  i tem  i tsel f ,  bu t  may exi st  wi thou t  pri or  fai l u re.  
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Note  2  to  en try:  I n  the  f i e l d  of  mach inery,  the  Eng l i sh  term  ` fau l t ’  i s  common ly used  i n  accordance  wi th  the  
defi n i t i on  i n  I EV 1 91 -05-01 ,  whereas  the  French  term  “défau t”  and  the  German  term  “feh l er”  are  used  rather than  
the  term  “panne”  and  “feh l zustand ”  that  appear wi th  th i s  defi n i t i on .  

Note  3  to  en try:  I n  pract i ce,  the  terms  “fau l t ”  and  “fai l u re”  (see  3 . 1 . 9)  are  often  used  synonymous ly.  

[SOURCE:  I EC  60050-1 91 : 1 990,  1 91 -05-01 ,  mod i f ied  – Notes  1 ,  2  and  3  to  en try have  been  
added  ]  

3.1 . 1 3   
final  swi tch ing  device  
FSD  
component  of  the  mach ine’s  safety-re lated  con tro l  system  that  i n terrupts  the  ci rcu i t  to  the  
mach ine  primary con tro l  e lement (MPCE)  when  the  ou tpu t  s ignal  swi tch ing  device  (OSSD)  
goes  to  the  OFF-state  

[SOURCE:  I EC 61 496-1 :201 2,  3 . 1 0 ]  

3.1 . 1 4   
hazard  
poten tial  source  of  harm  

Note  1  to  en try:  The  word  "hazard"  i s  general l y  used  i n  con junct i on  wi th  other words  defi n i ng  i ts  ori g i n  or  the  
natu re  of  the  expected  i n j u ry o r damage  to  heal th :  e l ectri cal  shock hazard ,  crush i ng  hazard ,  sheari ng  hazard ,  toxi c  
hazard ,  etc.  

[SOURCE:  I SO 1 21 00:201 0,  3 . 6 ,  mod i fi ed  – Note  1  to  en try has  been  mod i fied ,  Notes  2  and  3  
to  en try have  been  removed ]  

3.1 . 1 5   
hazardous si tuation  
ci rcumstance  i n  wh ich  a  person  i s  exposed  to  at  l east  one  hazard  

Note  1  to  en try:  The  exposure  can  resu l t  i n  harm  immediate l y  or  over a  peri od  of  t ime.  

[SOURCE:  ISO 1 21 00:201 0 ,  3 . 1 0]  

3.1 . 1 6   
hazard  zone  
danger zone 
any space  wi th in  and/or  around  mach inery i n  wh ich  a person  can  be  exposed  to  a  hazard  

Note  1  to  en try:  The  hazard :  

– e i ther i s  permanentl y  present  du ri ng  the  i n tended  use  of  the  mach ine  (moti on  of  hazardous  moving  e l ements,  
e l ectri c  arc  du ri ng  a  weld i ng  phase) ;  or  

– can  appear u nexpected l y  (un i n tended/unexpected  s tart -up) .  

[SOURCE:  ISO 1 21 00,  3 . 1 1 ,  mod i f ied  – Note  1  to  en try has  been  added]  

3. 1 . 1 7   
in teg rator 
i nd i vidual  or  g roup of  i nd i vi duals  respons ible  for se lecti ng ,  confi guring ,  i nstal l i ng  and/or 
i n terfacing  the  protecti ve  equ ipment to  ach ieve  the  safeguard ing  i denti f i ed  by the  r isk 
assessmen t  

3. 1 . 1 8   
l i gh t  beam  device  
AOPD compris ing  one  or more  em i tt i ng  e lement(s)  and  correspond ing  receivi ng  e lement(s) ,  
where  a detection  zone  i s  not  speci fi ed  by the  suppl ier  
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Note  1  to  en try:  An  array of  l i gh t  beam  devi ces  i s  sometimes  referred  to  as  a  l i gh t  g ri d .  Because  th i s  term  i s  
ambiguous  (see  Note  1  of  3 . 1 . 1 9)  the  use  of  the  term  “ l i gh t  g ri d”  i s  not  recommended .  

[SOURCE:  I EC 61 496-2:201 3,  3 . 204,  mod i fi ed  – Note  1  to  en try has  been  added ]  

3. 1 . 1 9   
l i gh t  curtain  
acti ve  opto-e lectron ic  protecti ve  device  (AOPD)  compris i ng  an  i n tegrated  assembly of  mu l t i ple  
em i tt i ng  e lements  and  receivi ng  e lements  form ing  a detecti on  zone  wi th  a detecti on  capabi l i ty 
speci f ied  by the  AOPD  suppl ier  

Note  1  to  en try:  A l i gh t  cu rtai n  wi th  a  l arge  detect i on  capabi l i ty  i s  sometimes  referred  to  as  a  l i gh t  g ri d .  

[SOURCE:  I EC  61 496-2:201 3,  3 . 205,  modi f i ed  – "one  or more"  has  been  replaced  by 
"mu l t iple",  "em i tt i ng "  has  been  added]  

3.1 .20   
lock-out  condi t ion  
cond i t i on ,  i n i t iated  by a  fau l t,  preventi ng  normal  operati on  of  the  protecti ve  equ ipment wh ich  
i s  au tomatical l y attained  when  al l  ou tpu t  s i gnal  swi tch ing  devices  (OSSDs)  and ,  where  
appl icable,  al l  f i nal  swi tch ing  devices  (FSDs)  are  s i gnaled  to  go  to  the  OFF-state  

Note  1  to  en try:  Resett i ng  the  ESPE  from  the  l ock-ou t  cond i t i on  i s  not  poss ibl e  un ti l  the  fau l t  have  been  remed ied .  

[SOURCE:  I EC  61 496-1 :201 2,  3 . 1 3 ,  modi f ied  – "e lectro-sens i t i ve  protecti ve  equ ipment 
(ESPE) "  has  been  replaced  by "protecti ve  equ ipment wh ich  i s  au tomatical l y attained  " ,  Note  1  
to  en try has  been  added]  

3. 1 .21   
mach ine  primary control  element  
MPCE 
electrical l y powered  e lement  that  d i rectl y con tro ls  the  normal  operation  of  a  mach ine  i n  such  a 
way that  i t  i s  the  l ast  e l ement  ( i n  t ime)  to  functi on  when  mach ine  operati on  i s  to  be  i n i t i ated  or 
arrested  

[SOURCE:  IEC  61 496-1 :201 2,  3 . 1 4,  mod i f ied  – Note  1  to  en try has  been  removed ]  

3.1 .22   
min imum  d istance 
S 

calcu lated  d is tance  between  the  safeguard  and  the  hazard  zone  necessary to  prevent  a 
person  or part  of  a  person  reach ing  the  hazard  zone  before  the  term ination  of  the  hazardous 
mach ine  functi on  

Note  1  to  en try:  D i fferent  m in imum  d i stances  may be  cal cu lated  for  d i fferent  cond i t i ons  or  approaches,  bu t  the  
g reatest  of  these  m in imum  d i stances  i s  used  for  select i ng  the  pos i t i on  of  the  safeguard .  

[SOURCE:  ISO 1 3855:201 0 ,  3 . 1 . 9 ]  

3.1 .23   
mute  dependent  override function  
functi on  that  al l ows  manual  operation  of  the  mach ine  when  the  detection  zone  of  the  ESPE  i s  
i n terrupted  to  al low the  evacuati on  of  obj ects  from  the  mu ting  area 

Note  1  to  en try:  Th i s  functi on  can  be  necessary i n  case  of  a  fau l t  i n  the  mu ti ng  sequence(s)  o r  when  a  bl ockage  
occurs  i n  the  t ransport  system  or when  an  object  i s  al ready presen t  i n  fron t  o f  the  mu ti ng  sensors  at  “power on”.  

3.1 .24   
muting  
temporary au tomatic  suspens ion  of  a  safety functi on(s)  by safety-re lated  parts  of  the  con trol  
system  
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Note  1  to  en try:  When  mu ti ng  i s  provided  as  part  o f  the  protect i ve  equ i pment  and  the  protect i ve  equ i pment  i s  
mu ted ,  the  OSSD(s)  remain  i n  the  `ON ’  s tate  upon  acti vati on  of  the  protect i ve  equ i pmen t  sens i ng  fu nct i on  and  
safety i s  main tai ned  by other means.  

[SOURCE:  I EC 61 496-1 :201 2,  3 . 1 6 ,  mod i f ied  – Note  1  to  en try has  been  modi fi ed]  

3.1 .25   
muting  sensor  
device  used  to  i n i t i ate  and/or term inate  muting  

3.1 .26   
OFF-state  
state  in  wh ich  the  ou tpu t  ci rcu i t  i s  i n terrupted  and  does  not  perm i t  the  f low of  current  

[SOURCE:  I EC  61 496-1 :201 2,  3 . 1 7,  mod i f i ed  – the  word ing  of  the  defi n i t i on  has  been  
changed  

3. 1 .27   
ON-state  
state  i n  wh ich  the  ou tpu t  ci rcu i t  i s  complete  and  perm i ts  the  f l ow of  current  

[SOURCE:  I EC  61 496-1 :201 2,  3 . 1 8,  mod i f i ed  – the  word ing  of  the  defi n i t i on  has  been  
changed]  

3.1 .28   
output  s ignal  swi tch ing  device  
OSSD 
component  of  the  e lectro-sensi t i ve  protecti ve  equ ipmen t (ESPE)  connected  to  the  mach ine  
con trol  system  wh ich ,  when  the  sens ing  device  i s  actuated  du ring  normal  operati on ,  responds  
by going  to  the  OFF-state  

[SOURCE:  IEC  61 496-1 :201 2,  3 . 1 9]  

3.1 .29   
overal l  system  stopping  performance 
T 
time  i n terval  resu l t ing  from  the  sum  of  the  protecti ve  equ ipment response  time  and  the  t ime  to  
the  cessati on  of  hazardous  mach ine  operati on  

[SOURCE:  I EC  61 496-1 :201 2,  3 . 20 ,  mod i fi ed  – "e lectro-sensi t i ve"  has  been  removed  before  
"protecti ve  equ ipment"  and  Note  1  to  en try has  been  added ]  

3.1 .30   
period ic  test  
techn ique  wh ich  s t imu lates  or s imu lates  the  i npu t  of  the  protecti ve  equ ipment sensing  
device(s)  to  determ ine  i f  the  protecti ve  equ ipmen t  OSSD(s)  go  to  the  OFF-state  when  requ i red  
to  do  so  

3.1 .31   
protective equ ipment  
assembly of  devices  us i ng  non-con tact  (e lectro-sensi t i ve)  or  con tact  (pressure  sensi t i ve)  
sens ing  means  for detecti on  of  the  presence  of  person (s)  or parts  of  person(s)  for  the  purpose  
of  con tro l l i ng  hazards  associated  wi th  mach inery and  compris i ng  as  a  m in imum :  

– a  sensing  device,  

– con trol  and  mon i toring  devices ,  

– ou tpu t  s i gnal  swi tch ing  devices ,  
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Note  1  to  en try:  The  safety re lated  con tro l  system  associated  wi th  the  protect i ve  equ i pment,  or  the  protecti ve  
equ i pment  i tsel f ,  can  i ncl ude  add i t i onal  safety featu res  such  as  secondary swi tch i ng  devi ces,  mu ti ng  funct i on ,  
s topping  performance  mon i tori ng ,  etc.  

3.1 .32   
presence sensing  function  
detecti on  of  the  presence  of  a  person ,  or  a  part  of  a  person ,  wh i l e  i n  a  hazardous  zone  to  
enable  preventi on  of  hazardous  s i tuations  such  as  unexpected/un in tended  start-up of  the  
mach ine  

3.1 .33   
pressure-sensi tive mat  
sens i t i ve  protecti ve  equ ipment  compris i ng  a sensor or  sensors ,  a  con tro l  un i t  and  one  or more  
ou tpu t  s i gnal  swi tch ing  devices  wh ich  detects  a  person  stand ing  on  i t  or  who  s teps  on to  i t  and  
where  the  effecti ve  sens ing  area i s  deformed  l ocal l y when  the  sensor(s)  i s  actuated  

[SOURCE:  ISO 1 3856-1 :201 3,  3 . 1 ]  

3.1 .34   
pressure-sensi tive floor  
sens i t i ve  protecti ve  equ ipment  compris i ng  a sensor or  sensors ,  a  con tro l  u n i t  and  one  or more  
ou tpu t  s i gnal  swi tch ing  devices  wh ich  detects  a person  stand ing  on  i t  or  who  s teps  on to  i t  and  
where  the  effecti ve  sens ing  area i s  moved  as  a  whole  when  the  sensor(s)  i s  actuated  

[SOURCE:  ISO 1 3856-1 :201 3,  3 . 2]  

3.1 .35   
protective measure  
safety measure  
measure  i n tended  to  ach ieve  r isk reduction ,  implemented:  

– by the  des igner ( i nheren t  safe  des ign ,  safeguard ing  and  complementary protecti ve  
measures,  i n formation  for use)  and  

– by the  user (organ i zation :  safe  working  procedures,  supervis ion ,  perm i t- to-work systems,  
add i t i onal  safeguards;  personal  protecti ve  equ ipment;  train i ng )  

[SOURCE:  ISO 1 21 00:201 0 ,  3 . 1 9,  mod i fi ed  – “safety measu re”  has  been  added]  

3. 1 .36   
reasonably foreseeable  misuse 
use  of  a  mach ine  i n  a  way not  i n tended  by the  manufacturer,  bu t  wh ich  can  resu l t  from  read i l y 
pred ictable  human  behaviour  

[SOURCE:  I SO/IEC  Gu ide  51 :201 4,  3 . 7,  mod i fi ed  – "product  or  system"  has  been  changed  to  
"mach ine" ,  "suppl ier"  has  been  changed  to  "manufacturer" ]  

3.1 .37   
reduced  resolution  
reduction  of  the  des igned  detecti on  capabi l i ty i n  order  to  ensure  that  objects  i n  the  detection  
zone  of  a  d i ameter  smal l er than  the  conf igured  detecti on  capabi l i ty does  not  cause  an  OFF-
state.   

[SOURCE:  I EC 61 496-2:201 3  A. 1 0,  mod i fi ed]  

3.1 .38   
response time,  <of  a protecti ve  equ ipment>  
maximum  time  between  the  occurrence  of  the  even t  l ead ing  to  the  actuati on  of  the  sensing  
device  and  the  ou tpu t  s i gnal  swi tch ing  device  (OSSD)  ach ieving  the  OFF-state  
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Note  1  to  en try:  For pressure-sensi t i ve  protecti ve  devi ces ,  the  event  l ead ing  to  the  actuat i on  of  the  sensi ng  
devi ce  i s  the  appl i cat i on  of  a  fo rce  wi th i n  the  effecti ve  sensi ng  area.  

[SOURCE:  I EC  61 496-1 :201 2,  3 . 21 ,  mod i f ied  – the  terms  "of  a  protecti ve  equ ipment"  have  
been  added  to  the  term  def ined,  ori g inal  Notes  1  to  3  to  en try have  been  removed  and  a new 
Note  1  to  en try has  been  added ]  

3.1 .39   
restart  in terlock 
means  of  preventing  au tomatic  restart ing  of  a  mach ine  after actuation  of  the  sens ing  device  
during  a  hazardous  part  of  the  mach ine  operati ng  cycle ,  after a  change  i n  mode  of  operati on  
of  the  mach ine,  and/or after  a  change  in  the  means  of  s tart  contro l  of  the  mach ine  

Note  1  to  en try:  Modes  of  operati on  i ncl ude  i nch ,  s i ng l e  s troke,  au tomati c.  Means  of  s tart  con tro l  i ncl ude  foot  
swi tch ,  two-hand  con tro l ,  and  s i ng le  o r  doubl e  actuati on  o f  an  e l ectro-sensi t i ve  protect i ve  equ i pment  (ESPE)  
sensi ng  devi ce.  

[SOURCE:  I EC 61 496-1 :201 2,  3 . 22]  

3.1 .40   
ri sk 
combination  of  the  probabi l i ty of  occurrence  of  harm  and  the  severi ty of  that  harm  

[SOURCE:  ISO 1 21 00:201 0 ,  3 . 1 2]  

3.1 .41   
ri sk assessment  
overal l  process  compris i ng  a r i sk anal ys is  and  a  r i sk evaluati on  

[SOURCE:  ISO 1 21 00:201 0,  3 . 1 7]  

3. 1 .42   
safety-related  part  of  a  control  system  
SRPCS 
part  or  subpart(s)  of  a  con trol  system  wh ich  respond(s)  to  i npu t  s ignals  and  generate(s)  
safety-re lated  ou tpu t  s i gnals  

Note  1  to  en try:  Th i s  al so  i ncl udes  mon i tori ng  systems.  

Note  2  to  en try:  The  combined  safety- rel ated  parts  of  a  con tro l  system  start  at  the  po i n ts  where  the  safety- re l ated  
s i gnal s  are  i n i t i ated  and  end  at  the  ou tpu t  of  the  power con tro l  e l ements  (see  al so  Annex A o f  I SO 1 21 00: 201 0) .  

[SOURCE:  I EC 61 496-1 :201 2,  3 . 23 ,  mod i f ied  – "SRPCS"  has  been  added  as  an  acronym ]  

3.1 .43   
start  i n terlock 
means  wh ich  prevents  an  au tomatic  mach ine  s tart  when  the  e lectrical  suppl y to  the  protecti on  
equ ipment(s)  i s  swi tched  on ,  or  i s  i n terrupted  and  restored  

[SOURCE:  I EC  61 496-1 :201 2,  3 . 26  mod i fi ed  – "e lectro-sens i t i ve"  has  been  removed  before  
"protecti ve  equ ipment(s) " ]  

3. 1 .44   
start  test  
manual  or  au tomatic  test  wh ich  i s  performed  after the  protecti ve  equ ipment  has  been  
swi tched  on  in  order to  test  i ts  complete  safety-re lated  con tro l  system  before  normal  mach ine  
operati on  i s  i n i t i ated  
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3. 1 .45   
stopping  performance  moni tor  
SPM  
moni toring  means  to  determ ine  whether or  not  the  overal l  system  stopping  performance  i s  
wi th i n  the  pre-set  l im i t(s)  

[SOURCE:  IEC  61 496-1 :201 2,  3 . 27]  

3. 1 .46   
trip  function  
stop functi on  i n i t i ated  by the  detecti on  of  a  person  before  any part  of  an  approach ing  person  
can  reach  the  hazard  zone  

3. 1 .47   
unexpected  start-up  
un intended  start-up  
any start-up  caused  by 

– a s tart  command ,  wh ich  i s  the  resu l t  of  a  fai l u re  i n ,  or  an  external  i n fl uence  on ,  the  con tro l  
system ;  

– a start  command  generated  by i nopportune  acti on  on  a start  contro l  or  o ther parts  of  the  
mach ine  as,  for  example,  a  sensor or  a  power con tro l  e l ement;  

– restorati on  of  the  power suppl y after  an  i n terrupti on ;  

– external /i n ternal  i n fl uences  (g ravi ty,  wi nd,  se l f- ign i t i on  i n  i n ternal  combustion  eng ines)  on  
parts  of  the  mach ine.  

Note  1  to  en try:  Au tomati c  mach ine  s tart-up  du ri ng  normal  operati on  i s  not  un i n tended ,  bu t  can  be  considered  to  
be  unexpected  from  the  po i n t  of  vi ew of  the  operator.  P reven ti on  of  acci dents  i n  th i s  case  i nvol ves  the  use  of  
safeguard i ng .  

[SOURCE:  I SO 1 21 00:201 0,  3 . 3, 1  mod i fi ed  – the  text  of  the  f i rst  note  has  been  moved  to  the  
def in i t ion ,  Note  2  has  been  changed  to  Note  1  to  en try,  where  "au tomatic"  has  been  added  
before  "mach ine  start-up" ,  Note  3  has  been  removed ]  
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3.2  Abbreviated  terms  

Abbreviated  
term  

Description  

AGV Automated  Gu ided  Veh icle  

AOPD  Active  Optoelectron ic  Protecti ve  Device  

AOPDDR Active  Optoelectron ic  Protecti ve  Device  responsive  to  D i ffuse  Ref lection  

ESPE  E lectro-Sens i t i ve  Protecti ve  Equ ipment  

EDM  External  Device  Mon i tori ng  

FSD  Final  Swi tch ing  Device  

MPCE  Mach ine  Primary Contro l  E lement  

OSSD  Outpu t  Si gnal  Swi tch ing  Device  

PL  Performance  Level  (accord ing  to  I SO 1 3849-1 )  

PSPD  Pressure  Sens i t i ve  Protecti ve  Device  

SI L  Safety I n tegri ty Level  (accord ing  to  I EC  62061 )  

SPM  Stopping  Performance  Mon i tor  

SRPCS Safety Related  Part  of  Con trol  System  

VBPD  Vis ion  Based  Protecti ve  Device  

VBPDST Vis ion  Based  Protecti ve  Device  us ing  Stereo  vis i on  Techn iques  

VBPDPP  Vis ion  Based  Protecti ve  Devices  us ing  reference  Passive  Pattern  techn iques  

4 Selection  of  protective measures  

4.1  Procedure  (relationsh ip  wi th  ISO 1 21 00)  

Th is  procedure  i s  an  expans ion  of  Step 2  “risk reducti on  by safeguard ing”  of  the  i terati ve  3-
step  method  of  r i sk reducti on  for the  des ign  of  safe  mach inery,  con tained  i n  C lause  4  of  
ISO 1 21 00:201 0  (see  F igure  2) .  

Th is  procedure  presumes  that  a  r i sk assessmen t has  been  carri ed  ou t  i n  accordance  wi th  
ISO 1 21 00,  that  measures  have  been  taken  to  remove or reduce  ri sks  by i nheren tl y safe  
des ign ,  and  that  safeguard ing  by means  of  protecti ve  equ ipmen t i s  be ing  cons idered .  

The  fo l l owing  characteri stics  shal l  be  considered  i n  the  selecti on  process  when  protecti ve  
equ ipment  and  other protecti ve  measures  as  necessary are  be ing  evaluated  as  a r i sk 
reduction  means:  

– mach ine  characteris tics;  

– envi ronmental  characteri stics;  

– human  characteris tics;  

– protecti ve  equ ipment  characterist ics .  

These  characteris tics  shou ld  be  cons idered  for both  normal  use  and  reasonabl y foreseeable  
m isuse.  
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NOTE  Th i s  f i gu re  i s  a  s impl i f i ed  vers i on  of  Fi gure  2  of  I SO 1 21 00:201 0.  

Figure 2  – Risk reduction  process  

IEC  
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4.2  Machine characteristics  

4.2. 1  Su i tabi l i ty of  protective  equ ipment  

Protecti ve  equ ipment as  described  i n  th is  document  i s  typical l y se lected  when  mach ine  
operati on  requ i res  frequen t  access,  personnel  i n teracti on  wi th  the  mach ine,  good  vis ib i l i ty of  
the  mach ine  or process,  or  when  i t  i s  d i ff i cu l t  to  provide  f i xed  guard ing .  However,  some 
characteris tics  of  particu lar mach ines  can  preclude  the  use  of  protecti ve  equ ipment  as  the  
so le  protecti ve  measure.  Examples  of  these  mach ine  characteris tics  are:  

a)  poss ibi l i ty that  the  mach inery wi l l  e j ect  materials ,  swarf  or  componen t  parts ;  

b)  ri sk of  i n j u ry from  thermal  or  o ther  rad iati on ;  

c)  unacceptable  no ise  levels;  

d )  an  envi ronment l i kel y to  adversel y affect  the  function  of  the  protecti ve  equ ipment 
(see  4. 3) ;  and  

e)  a  material  be i ng  processed  that  can  i n f l uence  the  effecti veness  of  the  protecti ve  measure.  

Where  such  s i tuations  exist,  add i t ional  or  other safety measures  shal l  be  provided .  

NOTE  An  example  of  an  add i t i onal  measure  that  can  be  appl i ed  i n  these  ci rcumstances  i s  l ocal  g uards  to  prevent  
e j ecti on .  

4.2.2  Su i tabi l i ty of  protective  equ ipment  as  a  trip  device  

When  protecti ve  equ ipmen t i s  used  as  a  trip  device  ( i . e .  to  detect  the  approach  of  a  person  or 
a  part  of  a  person ) ,  the  mach ine  shal l  cease  hazardous  operati on(s)  before  i t  i s  poss ible  to  
reach  the  hazardous  part(s)  of  the  mach ine  (m in imum  d istances  are  speci f ied  i n  I SO 1 3855) .  
However,  some characterist ics  of  part icu lar mach ines  can  preclude  the  use  of  protecti ve  
equ ipment  as  a tri p  device.  

Protecti ve  equ ipment  i s  unsu i table  as  a tr i p  device  or as  a  combined  tri p  and  presence  
sens ing  device  when  the  stopping  performance  of  the  mach ine  i s  unknown ,  i nconsis ten t  or  
i nadequate  due,  for  example,  to  

– the  reacti on  characteris t i cs  of  the  mach inery con tro l  c i rcu i try;  

– i nadequate  braking ;  

– the  i nabi l i ty of  the  mach ine  to  stop  part-way through  a cycle  due,  for  example,  to :  

•  the  nature  of  the  process,  where  s topping  wou ld  create  add i t i onal  hazards;  

•  the  method  of  dri ve,  for  example  pos i t i ve  key cl u tches  or s im i lar  mechan isms  for 
engag ing  the  dri ve  so  arranged  that  once  started ,  the  mach inery can  on l y be  s topped  
when  the  cycle  i s  complete;  

•  s tored  energy,  for  example  i n  the  form  of  s tored  pressure  i n  pneumatic  reservoi rs  or  
h ydrau l ic  accumu lators.  

I f  a  mach ine  has  variable  speed,  l oad  or  i nert i a,  then  the  t ime  used  i n  the  calcu lat ion  of  the  
m in imum  d istance  shal l  be  the  l ongest  t ime  to  cease  hazardous  operati on(s) .  Al l  con tro l  
functi ons  that  can  affect  the  t ime  to  cease  hazardous  operation  after  operati on  of  a  tr i p  device  
(e. g .  speed  l im i tat i on)  shal l  have  an  appropriate  SIL/PL  for the  appl ication .  

When  protecti ve  equ ipment i s  unsu i table  for  a  particu lar  appl icati on ,  other protecti ve  
measures  such  as  mechan ical  guards  can  be  necessary;  see  I SO  1 21 00.  

4.3  Envi ronmental  characteristics  

The  functional i ty of  protecti ve  equ ipmen t can  be  affected  by envi ronmental  i n f l uences  such  as  
temperatu re,  po l lu t ion ,  e lectromagnetic  d is turbance,  rad iati on ,  e tc.  The  degree  to  wh ich  
envi ronmental  i n f l uences  can  affect  the  functional i ty of  protecti ve  equ ipment  depends  on  the  
sens ing  technology used  by the  protecti ve  equ ipment.  Carefu l  evaluation  of  the  expected  
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envi ronment  and  the  su i tabi l i ty of  the  protecti ve  equ ipmen t for  use  i n  that  envi ronmen t i s  
necessary during  the  se lecti on  process  of  protecti ve  equ ipment.  

Speci f i ers  of  protecti ve  equ ipment ( i . e.  i n tegrators,  mach ine  manu facturers)  shou ld  have  
appropriate  i n formation  to  ensure  that  the  protecti ve  equ ipment  i s  su i table  for the  i n tended  
use  under al l  reasonabl y foreseeable  envi ronments  to  wh ich  the  protecti ve  equ ipment can  be  
exposed  over i ts  en t i re  operati onal  l i fecycle.  Th is  can  take  the  form  of  i n formation  for safe  use  
provided  by the  protecti ve  equ ipment  manufacturer and/or i n formation  i n  the  re levan t  product  
standard.  Speci fi ers  shal l  request  add i t i onal  i n formation  i f  the  i n tended  operating  envi ronmen t 
con tains  part icu lar  envi ronmental  cond i t i ons  that  are  not  addressed  by the  i n formation  
avai lable.  

Examples  of  envi ronmental  i n f luences  that  shou ld  be  cons idered  i nclude,  bu t  are  not  l im i ted  
to :  

– e lectromagnetic  i n terference;  

•  e lectrostatic  d i scharge;  

•  rad io  frequency i n terference,  for  example  mobi le  te lephones;  

– vi bration/shock;  

– l i gh t  i n terference;  

•  ambien t  l i gh t;  

•  i n fra-red ,  for  example  remote  con tro ls;  

•  refl ecti ve  surfaces;  

•  o ther ESPEs  that  can  em i t  i n terfering  l i gh t;  

– po l l u t i on ;  

•  water;  

•  dust;  

•  corrosive  chem icals ;  

– temperature;  

– hum id i ty;  

– weather cond i t ions;  

– rad iation .  

Add i ti onal  and  special  requ i rements  can  appl y to  the  protecti ve  equ ipment  of  mach ines  that:  

– are  used  i n  the  open  ai r  ( i . e .  ou ts ide  bu i ld i ngs  or o ther protecti ve  structures) ;  

– use,  process,  or  produce  potential l y explos ive  material  ( for example  pain t  or  sawdust) ;  

– are  used  i n  potential l y explos ive  and/or f l ammable  atmospheres;  

– have  special  r i sks  when  producing  or  us i ng  certain  materials ;  

– are  used  i n  m ines.  

NOTE  I n formati on  speci f i c  to  part i cu lar protecti ve  equ ipment  i s  provided  i n  Clause  6 .  

Where  an  appl ication  uses  a combinati on  of  protecti ve  equ ipment sens ing  techn iques,  the  
speci f ier shou ld  cons ider the  re levan t  envi ronmental  characteris tics  for each  protecti ve  
equ ipment  sens ing  techn ique.  I n  add i t ion ,  cons ideration  shou ld  be  g i ven  to  possible  cross-
in terference  between  sensing  techn iques.  

4.4  Uses of  protective  equ ipment  

4.4. 1  General  

A protecti ve  equ ipment  may be  used  to  provide:  
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– tri p  function ;  or  

– presence  sens ing  functi on ;  or  

– combination  tri p  functi on  and  presence  sens ing  function .  

4.4.2  Trip  function  

4.4.2.1  Distance  to  the  hazard  

Where  the  protecti ve  equ ipment  i s  used  to  provide  a trip  function ,  i t  shal l  be  pos i t i oned  at  a  
su ff ici ent  d i s tance  from  the  speci fi c  mach ine  hazard(s)  to  ensure  the  mach ine  can  stop or 
otherwise  reach  a  safe  cond i t i on  before  any part  of  an  approach ing  person  can  reach  the  
hazard  zone.  The  m in imum  d istance  shal l  be  main tained  for  al l  foreseeable  d i recti ons  of  
approach .  

Th is  d istance  shal l  take  i n to  accoun t:  

a)  protecti ve  equ ipment  detection  capabi l i ty i n  re lati on  to  human  characteri stics  (see  4. 5)  
i nclud ing :  

– approach  speed ;  

– body part  penetration/encroachment  

– reach ing  over  or  under the  sensing  zone;  

– poss ibi l i ty of  c i rcumvention ,  and  

b)  the  overal l  system  stopping  performance  (see  3 . 1 . 29  and  4.4.2. 2) ;  

c)  i n  the  case  of  moving  parts  of  mach ines  ( for example  punch  presses,  surface  g ri nders)  or  
moving  work pieces  that  can  reduce  the  separation  d is tance,  the  m in imum  d istance  shal l  
appl y from  the  fu rthest  extens ion  of  the  moving  part  towards  the  d i rection  of  approach .  

4.4.2.2  Stopping  performance 

The overal l  system  stopping  performance  used  for calcu lat ion  of  the  m in imum  d istance  shal l  
i ncl ude  the  sum  of:  

a)  the  response  t ime  of  the  protecti ve  equ ipment;  

b)  the  maximum  mach ine  stopping  t ime  under the  most  severe  cond i t ions,  for  example  
maximum  load ,  maximum  speed ,  e tc.  for  the  mach ine  to  stop or o therwise  reach  a safe  
cond i t i on  after receivi ng  the  ou tpu t  s i gnal  from  the  protecti ve  equ ipmen t;  

c)  an  al l owance  i n  cons iderati on  of  factors  wh ich  can  lead  to  a deteri orati on  i n  performance  
of  h ydrau l ic,  pneumatic,  e lectrical  and  mechan ical  components ,  for  example  wear,  ageing ,  
temperature,  and  the  accumu lation  of  such  factors  as  i nstal l ati on  to lerances,  t ime  
measurement accuracy,  SPM  accuracy,  etc.  A m in imum  al l owance  of  1 0% of  b)  i s  
recommended .  

4.4.2.3  Posi t ion ing  of  protective equ ipment  or detection  zone(s)  

The pos i t i on ing  of  protecti ve  equ ipment or  detection  zone  shal l  be  i n  accordance  wi th  
ISO 1 3855.  

I n  some appl ications ,  i t  can  be  necessary to  consider  the  relati ve  speed  of  a  person  and  a  
moving  mach ine,  for  example,  an  AGV.  

Some protecti ve  devices  requ i re  considerati on  of  an  add i t i onal  safety d istance  caused  by,  for  
example,  uncertain ty of  d istance  measurement.  The  accompanying  documen ts  of  the  
protecti ve  device  wi l l  g i ve  fu rther  i n formation .  

Where  ad justment  of  the  detecti on  capabi l i ty or  response  t ime  i s  avai lable,  the  parameters  
used  to  calcu late  the  m in imum  d istance  shal l  be  the  maximum  (worst  case)  values,  or  where  
those  sett ings  are  protected  against  unau thorised  change  by requ i ri ng  the  use  of  a  key,  
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keyword,  tool  or  other means  provid i ng  a  s im i lar l evel  of  access  restriction  the  actual  sett i ngs  
that  the  appl icati on  uses .  

Where  an  i n i t i al  calcu lati on  of  the  m in imum  d is tance  g ives  a resu l t  that  cannot  be  
accommodated,  i . e . ,  the  calcu lated  m in imum  d istance  i s  too  g reat,  the  fo l l owing  can  ass ist  i n  
ach ieving  an  adequate  s topping  performance  i n  order  to  meet  the  requ i remen ts  of  I SO  1 3855:  

a)  se lection  of  protect i ve  equ ipmen t wi th  a  better detecti on  capabi l i ty or  faster response  
time;  

b)  reduction  of  the  overal l  s topping  t ime,  e . g .  by improved  braking ,  reduced  speed  or  i nertia;  

c)  reducti on  of  the  overal l  system  response  t ime,  e . g .  us i ng  hard-wi red  connections  i nstead  
of  a  f i e ldbus,  us i ng  componen ts  wi th  a faster response  t ime,  reducing  the  number  of  
i n terpos ing  devices;  

d )  us ing  a d i fferent  con figu rati on  of  approach  to  reduce  i n trus ion  towards  the  hazard ,  e . g .  
rais i ng  g round- level  tr i p  devices  so  that  the  f i rst  s tri de  al lowance  i s  reduced.  

4.4.2.4  Supplementary protective measures  

Supplementary protecti ve  measures  shal l  be  provided  as  necessary to  ensure  that:  

– the  hazardous  zone  of  the  mach ine  can  be  approached  on l y th rough  the  detecti on  zone  of  
the  trip  device;  

– unexpected  start-up of  the  mach ine  i s  preven ted  after a  person  has  passed  through  the  
detection  zone  of  the  tr ip  device  to  the  hazardous  zone  of  the  mach ine.  

Where  such  supplementary protecti ve  measu res  are  necessary,  they can  i nclude,  for  
example:  

– barri ers  to  ensu re  that  a  person  cannot  approach  the  mach ine  hazard  from  d i rections  not  
protected  by the  protecti ve  equ ipment;  

– provis ion  of  a  restart  i n terlock;  

– provis ion  of  a  presence  sens ing  device;  

– measures  to  prevent  a person  being  presen t  between  the  protect i ve  equ ipment  and  the  
hazardous  zone.  

I f  add i t i onal  measures  ( for example  obstacles)  are  used  to  prevent  a person  being  present  
between  the  protecti ve  equ ipment  and  the  hazardous  zone,  and  i f  the  add i t i onal  measures  are  
des igned  to  be  removable,  then  they shal l  be  i n terlocked  wi th  the  safety-re lated  contro l  
system  so  that  hazardous  mach ine  movement i s  not  poss ible  i f  the  add i ti onal  measures  are  
not  presen t.  

I f  i t  i s  poss ible  for a  person  to  pass  th rough  the  detecti on  zone  of  a  trip  device  and ,  when  
behaving  i n  a  foreseeable  manner,  attai n  a pos i ti on  that  i s  h i dden  from  the  l ocati on  of  the  
reset  con tro l ,  supplementary protecti ve  measures  ( for example,  t ime- l im i ted  add i ti onal  reset  
con trol  i ns ide  the  safeguarded  area (see  5 . 2 . 2  of  ISO  1 3849-1 :201 5) ,  presence  sensing  
device,  trapped-key system) ,  shal l  be  provided  to  preven t  resetti ng  the  restart  i n terlock when  
a person  or  part  of  a  person  i s  i ns ide  the  safeguarded  area.  

4.4.3  Presence sensing  function  

Where  the  protecti ve  equ ipmen t i s  used  to  provide  a  presence  sensin g  function ,  the  mach ine  
shal l  remain  i n  a  non-hazardous  state  when  a person  or part  of  a  person  i s  present  i n  the  
detection  zone.  

Supplementary measures  shal l  be  provided  as  necessary to  ensure  that  the  detection  zone  
cannot  be  ci rcumven ted ,  for  example  by remain ing  between  the  detecti on  zone  and  the  
hazardous  zone  or  by reach ing  i n to  the  hazard  zone.  Examples  of  measures  to  preven t  
persons  remain i ng  between  the  detection  zone  and  the  hazard  zone  are:  
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– use  of  s l oping  surfaces  to  prevent  stand ing  on  mach ine  frame/feet,  and  

– making  i ns ide  su rfaces  o f  fencing  free  of  protrus ions  that  can  be  cl imbed  on .  

When  the  protecti ve  equ ipment  used  as  a  presence  sensing  device  depends  on  period ic  
testing  for i ts  safety performance,  i t  shal l  be  ensured  that  a  test  of  the  protecti ve  device  i s  
performed  wi th in  an  appropriate  t ime  before  a person  or part  of  a  person  can  be  i n  the  
hazardous  area.  I f  the  test  i s  not  successfu l l y performed  during  the  predeterm i ned  t ime,  the  
protecti ve  equ ipment  OSSD(s)  shal l  g o  to  the  OFF state.  

NOTE  A su ffi c i en tl y  h i gh  f requency of  au tomati c  peri od i c  test  can  be  considered  to  meet  th i s  requ i rement.  

4.4.4  Combination  trip  and  presence sensing  function  

Where  the  protecti ve  equ ipment  i s  used  to  provide  a combinati on  trip  and  presence  sens ing  
functi on ,  the  requ i rements  of  4. 4. 2  and  4. 4.3  appl y.  

4.5  Human  characteristics  

4.5. 1  General  

The human  characteristics  that  shal l  be  taken  i n to  account  when  se lecti ng  protecti ve  
equ ipment  are:  

– approach  speed  and  d i rection ;  

– part  of  human  anatomy ( for example  f i nger,  hand ,  l eg ,  whole  body)  to  be  detected ;  

– human  in teraction  wi th  the  mach ine,  i ncl ud ing  foreseeable  m isuse, see  I SO 1 21 00:201 0  
5. 4. a)  and  5. 4. c) ) .  

These  factors  wi l l  a lso  determ ine  the  pos i t ion ing  of  the  protecti ve  equ ipment.  See  5 . 1 .  

4.5.2  Approach  speed  (K)  

Approach  speeds  are  speci f ied  i n  I SO 1 3855  as  1  600  mm/s  for normal  walki ng  and  as  
2  000  mm/s  for  normal  reach ing  wi th  upper l imbs.  Depend ing  on  the  appl icati on ,  i t  can  be  
necessary to  take  i n to  account  other speeds  ( for example  use  of  bicycles  i n  the  vic in i ty,  
foreseeable  reasons  for  runn ing  towards  the  mach ine,  etc. ) .  

I n  the  case  of  appl icati ons  on  mobi le  mach ines  ( for example  AGVs) ,  a  ri sk assessment shal l  
be  performed  to  determ ine  the  approach  speed  to  be  used .  I f  the  resu l t  of  the  ri sk 
assessment,  or  I SO  1 3855,  does  not  i nd icate  an  approach  speed  then  the  speed  used  for the  
calcu lati on  shal l  be  1  600  mm/s  or the  speed  of  the  mobi l e  mach ine  i f  g reater.  

4.5.3  In trusion/encroachment  factor  (C)  

A protecti ve  equ ipment  des igned  to  detect  l arge  parts  of  the  body (e . g .  l egs,  who le  body)  can  
al l ow smal l er parts  of  the  body (e. g .  f i ngers,  hands)  to  penetrate  the  detecti on  zone  wi thout  
bei ng  detected.  When  calcu lat i ng  the  m in imum  d istance,  an  add i ti onal  d i stance  (C)  shal l  be  
added  to  take  th is  i n to  accoun t.  

Th is  add i t i onal  d i s tance  (C)  wi l l  vary between,  for example,  where  the  protecti ve  equ ipment  i s  
i n tended  to  detect  whole  bod ies  bu t  an  arm  can  remain  undetected  or  where  the  protecti ve  
equ ipment  i s  i n tended  to  detect  hands  bu t  f i ngers  can  remain  undetected.  (See  I SO  1 3855. )  

Encroachment i s  s im i lar  to  i n trus ion ;  however,  i ns tead  of  the  body part  penetrating  the  
detection  zone,  the  body i s  extended  over the  detection  zone.  For example,  for  a  protecti ve 
equ ipment  wi th  i ts  sens ing  function  pos i t i oned  at  wai st  hei ght ,  the  body conf igurati on  of  
bend ing  at  the  waist  wi th  an  ou tstretched  arm  shou ld  be  cons idered .  I n  the  case  of  a  g round-
level  tr i p  device,  the  f i rst  s tri de  l eng th  shou ld  be  considered .  
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NOTE  The  value  of  1  200  mm  used  i n  I SO 1 3855  for  C  when  consideri ng  g round - level  t ri p  devi ces  i ncl udes  an  
al l owance  for the  f i rs t  s tri de  of  a  person  s tepping  i n to  the  detecti on  zone  of  the  tri p  devi ce.  

Add i ti onal  requ i rements  are  g i ven  i n  I SO 1 3855.  

4.5.4  Abi l i ty to  ci rcumvent  protective equ ipment  

The protecti ve  equ ipmen t shal l  be  se lected  and  i nstal led  so  as  to  m in im ize  the  poss ibi l i ty that  
persons  can  be  exposed  to  a hazard,  due  for example  to  ci rcumvention  by del iberate l y or  
i nadvertentl y:  

– reach ing  over,  u nder  or  around  detecti on  zones;  

– bend ing  over detection  zones;  

– stepping  over detecti on  zones;  

– straddl i ng  g round  l evel  detection  zones;  

– repos i t i on ing  of  the  protecti ve  equ ipment sensing  device;  

– def lection  of  the  beam(s)  by us ing  refl ecti ve  surfaces  that  cause  mod i f ication  of  the  
detecti on  zone.  

Where  other protecti ve  measures  are  necessary to  meet  th is  requ i rement,  they can  i nclude  for 
example  f ixed  or  i n terlocking  guards  or screens  or add i t ional  protecti ve  equ ipment.  

When  i t  i s  foreseeable  that  a  person  can  ci rcumvent  the  detection  zone  of  a  presence  sens ing  
device,  for  example  by c l imbing  on  a mach ine,  then  add i ti onal  protecti ve  measures  shal l  be  
implemented.  Examples  of  such  measures  can  i ncl ude,  bu t  are  not  l im i ted  to :  

– modi fi cati on  or sh ield i ng  of  the  mach ine  such  that  cl imbing  on  i t  i s  not  possible ,  

– manual  restart  i n terlock wi th  good  vis ib i l i ty to  al l  hazard  zones  wh ich  can  be  entered  after 
l eaving  the  detecti on  zone.  

4.6  Protective  equ ipment  characteristics  

4.6. 1  ESPEs  

4.6. 1 . 1  Types of  ESPEs 

This  s tandard  cons iders  ESPEs  us ing  the  fo l lowing  sensing  technolog ies:  

– Acti ve  Opto-electron ic  Protecti ve  Devices  (AOPD)  cons isti ng  of  l i g h t  curtains  and  s i ng le  or 
mu l t iple  l i gh t  beam  devices  as  speci fi ed  in  I EC  61 496-2;  

– Acti ve  Opto-electron ic  Devices  operati ng  by D i ffuse  Ref lection  (AOPDDR)  as  speci f i ed  i n  
IEC 61 496-3.  

– Vis ion  Based  Protecti ve  Devices  (VBPD)  us i ng  image  sens ing  devices  as  speci f ied  i n  I EC  
TS  61 496-4-2  or I EC  TS  61 496-4-3.  

4.6. 1 .2  AOPD 

An  AOPD uses  the  pri nciple  of  i n terruption  of  one  or more  l i gh t  beams  between  i ts  em i tter and  
i ts  receiver.  When  an  opaque  obj ect  ( for  example  a person  or part  of  a  person)  i n terrupts  a  
l i gh t  beam ,  the  receiver  no  l onger receives  the  em i tted  l i gh t  and  an  ou tpu t  s i gnal  i s  generated .  
Th is  pri nciple  i s  i l l ustrated  i n  F i gure  3 .  
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Figure 3  – Detection  principle of  th rough-beam  AOPD 

Through-beam  devices  can  be  used  on  opposing  s i des  of  a  protected  open ing  or the  path  can  
be  conf igured  by the  use  of  m i rrors  to  surround  an  area as  shown  in  F i gu re  4.  

 

Figure 4  – Through-beam  AOPD using  m i rrors  

Retro-ref lecti ve  devices  use  a retro-refl ector  to  reflect  the  em i tted  l i gh t  back to  the  receiver as  
shown  i n  F i gu re  5 .  

 

Figure 5  – Retro-reflective AOPD 

4.6. 1 .3  AOPDDR 

An  AOPDDR i ncludes  an  em i tter  and  a receiver,  u sual l y i n  the  same housing .  

IEC  
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The  em i tted  l i gh t  i s  ref lected  back from  an  obj ect  by d i ffuse  reflecti on  and  the  AOPDDR 
determ ines  the  locati on  of  the  object.  When  an  object  i s  detected  wi th i n  the  def ined  detection  
zone,  an  ou tpu t  s ignal  i s  g enerated.  Th is  principle  i s  i l l ustrated  i n  F igure  6.  A to lerance  zone  
ou ts ide  of  and  ad j acen t  to  the  detecti on  zone  i s  necessary to  ach ieve  the  requ i red  probabi l i ty 
of  detection  of  the  speci fi ed  test  p iece(s)  wi th in  the  detection  zone.  

 

Figure 6  – Detection  principle of  AOPDDR 

An  AOPDDR receives  reflected  l i gh t  from  the  obj ect,  therefore  an  em i tter fau l t  (no  l i g h t  
em ission)  or  a  receiver fau l t  leads  to  l oss  of  detection .  The  fau l t  detecti on  functi on  of  the  
AOPDDR causes  a  l ock-ou t  cond i t ion  wi th in  the  speci f ied  response  t ime.  

The  detection  zone  can  usual l y be  confi gured  i n to  vari ous  shapes  to  take  in to  account  
stationary obstacles  and  avo id  the  unwanted  generation  of  an  ou tpu t  s i gnal  that  l eads  to  an  
OFF-state  of  the  AOPDDR.  AOPDDRs  can  be  used  as  combined  tri p  and  presence  sensing  
devices  to  stop  a mach ine  when  a person  approaches  i t  and  to  preven t  the  start-up of  a  
mach ine  wh i le  a person  i s  i n  the  hazardous  zone.  

4.6. 1 .4  VBPDs 

4.6. 1 .4.1  VBPDST 

A VBPDST consists  of  a  sens ing  device  wi th  mechan ical l y f i xed  d is tances  (stereo  base)  and  
d i rections  between  at  l east  two  imag ing  devices.  

The  detection  principle  i s  based  on  the  evaluation  of  images  from  the  imag ing  devices  
(stereoscopic  vi ew)  for the  determ ination  of  d i s tance  i n formation .  Th is  d is tance  i n formation  i s  
used  to  determ ine  the  l ocati on  of  an  object(s) .  When  an  object  or  a  person  i s  detected  wi th in  
a  predefi ned  3D  detecti on  zone  an  ou tpu t  s ignal  i s  generated .  

The  principle  i s  i l l ustrated  i n  F i gure  7.  

IEC  
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Figure 7  – Detection  principle  of  VBPDST 

The 3D  detection  zone  i s  usual l y conf igured  by a software  confi gu ration  program  wh ich  al l ows  
various  shapes  of  the  detecti on  zone.  The  VBPDST detects  obj ects  en tering  i n to  or  be ing  
present  i n  a  3D  detection  zone.  

NOTE  Requ i rements  for  VBPDST are  g i ven  i n  I EC  TS  61 496-4-3.  

4.6. 1 .4.2  VBPDPP 

A VBPDPP  is  defi ned  as  consis ting  of  a  s ing le  image-sens ing  device  vi ewing  on  a passive  
reference  pattern  as  the  background  and  where  the  detecti on  pri nciple  i s  based  on  b locking  or  
part ial l y preventing  the  vi ew of  the  pattern .  I n formation  abou t  the  th ickness,  shape,  surface  
characteris tics  or  l ocati on  of  the  object  i s  not  requ i red  for  detect i on .  

NOTE  Requ i rements  for  VBPDPP  are  g i ven  i n  I EC  TS  61 496-4-2.  

4.6.2  Pressure  sensi tive mats and  floors  

Pressure  sens i t i ve  mats  and  f loors  are  actuated  by the  weight  of  a  person  on  the  mat or  f l oor.  
They generate  a s ignal  by the  use  of,  for  example,  mechan ical  con tacts ,  f i bre-optic  sensors.  
Requ i rements  for pressure-sens i t i ve  mats  and  f loors  are  g i ven  i n  I SO  1 3856-1 .  

4.7  Optional  mach ine control  system  functions associated  wi th  the  appl ication  of  
protective equ ipment  

4.7. 1  General  

Mach ine  con tro l  system  functi ons  that  can  be  requ i red  for speci f ic  appl icati ons  i nclude  
stopping  performance  mon i toring  (SPM) ,  mu ti ng ,  b lanking ,  s i ng le/double  break actuation ,  start  
i n terlock and  restart  i n terlock,  and  external  device  mon i tori ng  (EDM) .  These  con tro l  system  
functions  are  explained  i n  4. 7. 2  to  4. 7.8 .  

These  contro l  system  functi ons  are  opti onal  depend ing  on  the  appl ication  and  may or may not  
be  provided  by the  ESPE.  
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4.7.2  Stopping  performance moni toring  (SPM)  

The SPM  provides  s i gnals  to  the  protecti ve  equ ipment  re lated  to  the  time  taken  by,  and/or the 
amoun t  of  travel  of,  the  hazardous  parts  of  the  mach ine  in  com ing  to  a safe  cond i t ion  ( for  
example,  a  s top) .  

NOTE  Requ i rements  for  s topping  performance  mon i tori ng  are  g i ven  i n  Clause  A. 3  of  I EC  61 496-1 :201 2.  

4.7.3  Muting  

4.7.3.1  General  

Muting  i s  a  temporary au tomatic  suspens ion  of  a  safety function  by the  mach ine  safety-re lated  
con trol  system .  I t  can  be  used  to  al low access  by persons  or  by materials:  

– duri ng  a non-hazardous  port ion  of  the  mach ine  cycle,  or  

– when  safety i s  main tained  by o ther means.  

4.7.3.2  Mute dependent  override function  

Mute  dependen t  override  functi on  al l ows  a  manual  operati on  of  the  mach ine  in  order to  
remove material  s topped  i n  the  detecti on  zone  of  the  protecti ve  equ ipment.  

4.7.4  Rein i tiation  of  mach ine  operation  by the protective equ ipment  

I n  some appl icati ons ,  i n  add i t i on  to  i ts  safeguard ing  function ,  the  protecti ve  equ ipment  can  be  
used  to  re i n i t i ate  cycl i c  operation  of  a  mach ine.  The  fo l lowing  modes  of  re- i n i t i ati on  are  
def ined  i n  I EC  61 496-1 :201 2:  

– s i ng le  break,  where  an  actuation  and  de-actuati on  of  the  sens ing  device  re in i ti ates  
mach ine  operati on ;  

– double  break,  where  two  consecu ti ve  actuati ons  and  de-actuations  of  the  sens ing  device  
re in i t i ate  mach ine  operation .  

4.7.5  Start  in terlock 

A start  i n terlock i s  a  means  of  preven ting  au tomatic  starti n g  of  hazardous  operation  of  a  
mach ine  when  the  power suppl y i s  swi tched  on ,  or  i s  i n terrupted  and  restored.  The  s tart  
i n terlock i s  reset  by a  de l iberate  human  action .  

4.7.6  Restart  i n terlock 

A restart  i n terlock i s  a  means  of  preven ting  au tomatic  restart ing  of  hazardous  mach ine  
operati on  after  one  or  more  of  the  fo l l owing :  

– actuati on  of  a  safeguard ing  functi on ,  

– a  change  i n  operati ng  mode  of  the  mach ine,  

– a  change  i n  the  means  of  start  con tro l  of  the  mach ine.  

NOTE  Modes  of  operati on  i ncl ude  i nch ,  s i ng l e  s troke,  au tomati c.  Means  of  s tart  con tro l  i ncl ude  foot  swi tch ,  two-
hand  con tro l ,  and  s i ng le  o r  double  actuati on  of  the  e l ectro -sensi t i ve  protect i ve  equ i pment  (ESPE)  sensi ng  devi ce.  

The restart  i n terlock i s  reset  by a  de l i berate  human  action .  

4.7.7  External  device  moni toring  (EDM)  

External  device  mon i toring  (EDM)  can  be  used  to  detect  fai l u re  of  devices  i n  the  
stopping/start i ng  c i rcu i t,  such  as  f inal  swi tch ing  devices  and  mach ine  primary con tro l  
e lemen ts  (contactors ,  pneumatic  valves,  h ydrau l ic  valves) .  
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4.7.8  Provision  of  mach ine  control  functions  

Those  functions  described  i n  4 . 7.2  to  4. 7. 8  can  e i ther  be  provided  as  part  of  the  protecti ve  
equ ipment  or  can  be  bu i l t  i n to  the  mach ine  safety- re lated  con tro l  system .  When  provided  as  
part  of  an  ESPE i n  accordance  wi th  I EC 61 496,  the  requ i rements  for  these  functions  are  g i ven  
i n  Annex A of  the  appropriate  part  of  I EC  61 496.  When  suppl ied  as  part  of  the  mach ine  
safety-re lated  con trol  system ,  see  I EC  62061  and  ISO 1 3849  (al l  parts)  for  requ i rements.  See  
Clause  5  for  appl ication  and  i n terfacing  requ i remen ts.  

Care  shou ld  be  taken  to  ensure  that  the  provis i on  of  add i t ional  swi tch ing  ou tpu ts  or  functions  
external  to  the  protecti ve  equ ipment ( for example  by external  modu les)  does  not  reduce  the  
performance  of  the  protecti ve  equ ipmen t below that  requ i red  for the  risk reduction .  

5 General  appl ication  requi rements  

5.1  Posi t ion ing  and  configuration  of  the  protective equ ipment  detection  zone  

The selection  of  the  protecti ve  equ ipment,  and  i ts  posi t ion ing  and  configuration  wi th  regard  to  
the  hazard  i s  determ ined  by the  function  to  be  performed,  i . e.  presence  sens ing  functi on ,  tr i p  
functi on ,  or  combined  tr ip  and  presence  sens ing  functi on  (see  4 . 4) .  

The  selecti on ,  pos i t i on i ng  and  confi gurati on  of  the  protecti ve  equ ipment detection  zone  shal l  
be  determ ined  taking  i n to  accoun t:  

– mach ine  characteris tics  (see  4. 2) ;  

– envi ronmental  characteri stics  (see  4. 3) ;  

– human  characteris tics  (see  4. 5) ;  

– protecti ve  equ ipment  characterist ics  (see  4. 6) ;  

– i n tended  i n teraction  of  personnel .  

Ad justments  of  the  conf i gurati on  of  the  protecti ve  equ ipment  appl ication  shal l  requ i re  the  use  
of  means  to  restrict  both  unauthorised  and  inadvertent  ad j ustment such  as  a key,  keyword  or  
too l .  The  restricti on  needed  wi l l  depend  on  the  appl icati on ,  see  C lause  5  of  I SO  1 21 00:201 0.  

Protecti ve  equ ipmen t shal l  be  secure l y held  i n  p lace.  The  fasten ings  shal l  have  means  to  
avoid  i nadvertent  or  un i n tended  loosen ing .  

5.2  In teg ration  wi th  the  safety-related  control  system  

The protecti ve  equ ipment  shal l  be  connected  to  the  contro l  system  and  conf igured  in  
accordance  wi th  the  manufacturer’s  i nstructi ons  and  shal l  meet  the  safety requ i remen ts  
speci f i cation  of  the  safety- re lated  contro l  system .  Further i n formation  i s  g i ven  i n  I SO  1 3849  
(al l  parts)  and  I EC 62061 .  

When  the  appl icati on  requ i res  a  change  or se lection  of  the  ESPE detection  zone  duri ng  run -
time,  the  part  or  parts  of  the  contro l  system  that  execu te  the  change  or se lecti on  shal l  have  an  
appropriate  safety-related  performance  (SI L or  PL,  see  I EC  62061  or  I SO  1 3849-1 )  such  that  
they do  not  adversel y affect  the  safety-re lated  performance  of  the  protecti ve  functi on .  

When  us ing  a  safety-re lated  communicati on  system  (f ie ldbus) ,  the  overal l  system  response  
time  used  for calcu lat i on  of  the  m in imum  d istance  shal l  take  i n to  accoun t  the  worst-case  
response  t ime  of  the  communication  system .  Th i s  response  t ime  can  vary depend ing  on  the  
protoco l ,  arch i tecture,  and  conf igurati on  of  the  commun icati on  system  (See  also  
IEC  TR  6251 3) .  
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5.3  Performance of  protective equ ipment  

5.3. 1  General  

The safety requ i rements  speci f ication  of  the  safety-re lated  con tro l  system  shou ld  i ncl ude  the  
performance  requ i rements  for the  protecti ve  equ ipment .  The  protecti ve  equ ipment shal l  be  
se lected  to  ach ieve  the  requ i red  r isk reducti on .  Fu rther i n formation  i s  g i ven  i n  I SO 1 21 00,  
ISO 1 3849  (al l  parts)  and  I EC  62061 .  

On l y persons  wi th  su i table  experience  and  knowledge  shou ld  se lect  and  i nstal l  protecti ve  
equ ipment.  Part icu lar care  i s  necessary when  cons ideri ng  features  that  can  affect  the  
detecti on  capabi l i ty,  such  as  reduced  resolu ti on ,  b lanking ,  muting ,  change  o f  detecti on  zones.  

5.3.2  Classi fi cation  of  protective equ ipment  

5.3.2.1  Classi fication  of  ESPE 

IEC  61 496-1 :201 2  defi nes  3  ‘ types ’  of  ESPE.  The  types  d i ffer i n  the i r  performance  i n  the  
presence  of  fau l ts  and  under  i n f luences  from  envi ronmental  cond i t i ons:  

Type  2  ESPEs  employ a  peri od ic  test  to  reveal  fai l u res  to  danger.  The  test  can  be  i n i t i ated  
i n ternal l y or  external l y.  

Type  3  ESPEs  are  des igned  to  not  fai l  to  danger  due  to  a s ing le  fau l t  bu t  can  fai l  to  danger 
due  to  an  accumu lation  o f  fau l ts .  

Type  4  ESPEs  are  des igned  to  not  fai l  to  danger  due  to  a  s i ng le  fau l t  or  an  accumu lation  of  
fau l ts .  

D i fferen t  sens ing  technolog ies  have  add i t i onal  systematic  aspects  that  are  provided  i n  the  
i n formation  for use  suppl ied  wi th  the  ESPE.  Where  add i t ional  measures  are  requ i red  by the  
i n formation  for use  these  shal l  be  fo l lowed .  

NOTE  1  The  ‘ types ’  o f  I EC  61 496-1  do  not  correspond  to  the  categori es  of  I SO 1 3849-1 .  

5.3.2.2  Type 2  ESPE period ic  test  duration  

The duration  of  the  peri od ic  test  of  a  Type  2  ESPE shal l  be  taken  i n to  accoun t  to  ensure  that  
i t  i s  not  poss ible  for a  person  to  en ter  a hazardous  zone  during  the  functi onal  test  wi thou t  
bei ng  detected .  The  period ic  test  durati on  shal l  not  exceed  1 50  ms.  

5.3.2.3  Classi fication  of  pressure-sensi t ive  mats  

Pressure-sensi t i ve  mats  and  f l oors  are  speci f i ed  i n  I SO  1 3856-1 .  Pressure-sens i t i ve  mat  
systems  are  c lassi f i ed  accord ing  to  the  performance  l evels  and  categories  of  ISO  1 3849  (al l  
parts) .  Pressure-sens i ti ve  mats  and  pressure-sensi t i ve  f loors  shal l  meet  at  l east  the  
requ i rements  of  PL  =  c.  

Where  the  category of  the  mat  system  requ i res  that  a  peri od ic  functional  test  i s  performed,  
the  durati on  of  the  functi onal  test  shal l  be  taken  i n to  accoun t  to  ensure  that  i t  i s  not  possible  
for a  person  to  en ter a hazardous  zone  during  the  functi onal  test  wi thou t  bei ng  detected.  A 
restart  i n terlock shou ld  be  cons idered  i f  the  test  durati on  can  exceed  1 50  ms.  When  taking  
i n to  account  the  maximum  test  du ration ,  the  overal l  response  t ime  shal l  not  exceed  200  ms.  

5.3.2.4  Relat ionsh ip  wi th  the  ri sk assessment  

5.3.2.4.1  Overview 

The sens ing  technology chosen  shal l  be  appropriate  for the  ri sk reducti on  requ i red  by the  
appl ication .  
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The  safety performance  of  the  protecti ve  equ ipment shal l  be  appropriate  for the  risk reducti on  
requ i red  by the  appl icati on .  

Product  standards  for speci f i c  mach ines  ( type  C  standards)  can  provide  requ i rements  or  
recommendations  for  the  se lecti on  of  protecti ve  equ ipmen t.  

NOTE  1  The  overal l  ri sk for  each  hazard  depends  on  the  severi ty  of  poss ible  i n j u ry and  the  probabi l i ty  of  
occurrence  of  a  hazardous  cond i t i on .  Th i s  probabi l i ty  of  occurrence  depends  on  the  frequency of  exposu re,  the  
du rat i on  of  exposure,  and  the  poss ibi l i ty  o f  avoi dance.  

NOTE  2  The  ri sk reducti on  con tri bu ti on  requ i red  from  the  protecti ve  equ ipment  wi l l  depend  on  the  overal l  r i sk,  the  
deg ree  of  to l erable  ri sk,  and  the  l evel  of  ri sk reduct i on  con tri bu t i on  by other protecti ve  measures.  The  ri sk 
reduct i on  con tri bu ti on  provided  by the  protect i ve  equ ipment  wi l l  depend  on  the  sens i ng  technology.  

Reference  to  “ low”,  “med ium”  or “h i gh”  i n  the  fo l l owing  l i s t  refers  to  the  ri sk reducti on  
con tribu ti on  by the  protecti ve  equ ipmen t.  

– Type  2  ESPEs  can  fai l  to  danger as  a  resu l t  of  a  s ing le  fau l t  between  tests.  For th is  
reason ,  Type  2  ESPEs  are  un l ikel y to  be  su i table  for appl icati ons  demand ing  a med ium  or 
h igh  r isk reducti on .  

– Type  3  ESPEs  and  Type  4  ESPEs  can  be  su i table  for appl ications  demand ing  a med ium  to  
h igh  r isk reducti on  when  the i r  sensing  technology i s  appropriate.  

– The  performance  l evel  o f  pressure  sens i t i ve  mats  shal l  be  as  requ i red  for the  relevan t  
safety-re lated  con tro l  functi on  contri bu ting  to  the  ri sk reduction .  

Where  the  safety performance  of  the  protecti ve  equ ipment  i s  dependent  on  peri od ic  test ing  
(e. g .  Type  2  ESPEs,  Category 2  mat  systems) ,  the  frequency of  test i ng  shou ld  be  g reater 
than  the  frequency of  exposure  to  the  hazard .  As  a  m in imum ,  an  au tomatic  test  shal l  be  
performed  at  each  power-on  of  the  protecti ve  equ ipment.  

Where  the  protecti ve  equ ipmen t suppl i er  s tates  fau l t  exclusion(s)  i n  the i r  i nstructions  for 
use, the  i n tegrator of  the  protecti ve  equ ipment  shal l  take  the  fau l t  exclus ion (s)  i n to  account .   

5.3.2.4.2  Target  PL  or SIL  

A SILCL (SIL claim  l im i t ,  see  I EC 62061 )  or  PL (Performance  Level ,  see  ISO 1 3849-1 )  i s  not  
su ffi ci ent  as  a  so le  i nd i cati on  of  an  ESPE's  su i tabi l i ty for use  as  a safeguard .  Su i tabi l i ty 
depends  also  on  appropriate  sensing  means,  envi ronmental  cond i t i ons  (especial l y those  that  
can  affect  the  detecti on  capabi l i ty) ,  behaviour u nder fau l t  cond i t i ons,  etc.  

5.3.2.4.3  ESPE Type  

Where  an  ESPE i s  used  wi th in  a  safety re lated  con trol  system ,  the  maximum  PL or S IL  that  
can  be  ach ieved  by a  safety functi on  that  i ncludes  that  ESPE i s  speci fi ed  i n  Table  1 .  

Table  1  – ESPE Types and  ach ievable PL  or SIL  

 ESPE  Type  PL  SIL  

For each  ESPE  Type,  the  PL or S I L that  can  be  ach i eved  by a  safety 
funct i on  that  i ncl udes  that  ESPE  

2  a,  b,  c  1  

3  a,  b,  c,  d  1 ,  2  

4  a,  b,  c ,  d ,  e  1 ,  2 ,  3  

 

NOTE  1  The  cal cu l at i on  of  S I L or PL of  the  fu nct i on  uses  the  PFHd  value  provi ded  by the  manufactu rer.  The  
devi ce  dependen t  PFHd  values  claimed  for  the  con tro l  e l ectron i cs  i s  not  restri cted  ( for  example,  a  manufactu rer 
may claim  a  PFHd  l ower than  1 0-6  for  an  ESPE  Type  2  S I LCL 1 ) .  

NOTE  2  The  ESPE  correlati on  to  S I L and  PL  i s  based  on  the  systemati c  capabi l i t i es  ( for  example  envi ronmental  
i n f l uences,  EMC,  opt i cal  performance,  detect i on  pri nci ple  etc. )  o f  the  I EC  61 496  seri es.  These  ESPE  standards  are  
technol ogy-speci f i c  and  primari l y  based  on  determ in i st i c  cons i derat i ons.  
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EXAMPLE  I f  a  safety functi on  of  S I L  2  i s  requ i red  for  a  system  us i ng  an  AOPD,  from  Table  1 ,  i t  can  be  seen  that  
a  Type  2  AOPD  does  not  meet  the  requ i rement.  A  Type  4  AOPD  wi l l  be  selected  because  there  i s  n o  defi n i t i on  of  
Type  3  AOPD  i n  the  product  s tandard .  

5.4  Stopping  performance moni toring  (SPM)  

Stopping  performance  mon i tori ng  can  be  necessary where  stopping  performance  can  be  
subj ect  to  deteriorati on  ( for example  due  to  wear of  fri cti on  brakes,  pneumatic  valves,  
h ydrau l ic  valves)  lead ing  to  a  hazardous  s i tuation  ( for example  on  cyc l i c  hand-fed  mach ines) .  

Stopping  performance  mon i tori ng  shal l  be  provided  un less  one  or  more  of  the  fo l l owing  
cond i t i ons  are  met:  

– i t  has  been  establ i shed  that  the  stopping  performance  i s  cons isten t  and  not  subj ect  to  
deteri orati on ;  

NOTE  As  a  g u i de,  u n less  i t  can  be  assured  that  under maximum  l oad  cond i t i ons  the  overal l  system  s toppi ng  
performance  wi l l  not  deteri orate  by more  than  1 0  % over the  l i fe  of  the  mach ine  or  over the  peri od  between  
thorough  exam inati ons  by a  competen t  person ,  s topping  performance  mon i tori ng  can  be  necessary.  

– there  i s  low frequency of  demand  on  the  stopping  system  ( i . e.  the  mach ine  stops  
i n frequentl y) ;  

– the  ri sk assessment shows  that  there  i s  no  r i sk of  serious  i n j u ry even  i f  the  stopping  
performance  deteri orates;  

– the  des ign  and  rati ng  of  the  s topping  system  are  adequate  and  an  effecti ve  main tenance  
reg ime i s  implemen ted ;  

– stopping  performance  i s  tested  at  su i table  i n tervals.  

Mon i tori ng  of  the  s topping  performance  shal l  take  place  each  t ime  the  mach ine  stops,  
whether the  stop i s  i n i t i ated  by actuation  of  the  protecti ve  equ ipment  or  by normal  operation .  

The  stopping  performance  mon i tor  shal l  prevent  fu rther mach ine  operati on  when  the  overal l  
system  stopping  performance  exceeds  that  used  for calcu lati on  of  the  m in imum  d istance.  

5.5  Start  in terlock 

A start  i n terlock shal l  be  provided  except  where  the  r isk assessment  shows  that  the  poss ibi l i ty 
of  i n j u ry wi l l  not  be  reduced  by a start  i n terlock,  for  example  when  s tart  i n terlock i s  al ready 
provided  by other parts  of  the  mach ine  contro l  system .  

I t  shal l  not  be  possible  to  reset  a  s tart  i n terlock from  ins ide  the  hazardous  zone.  

5.6  Restart  i n terlock 

A restart  i n terlock shal l  be  provided  except  where  the  ri sk assessment shows  that  the  
poss ibi l i ty of  i n j u ry wi l l  not  be  reduced  by a restart  i n terlock,  for  example  when  i t  i s  not  
poss ible  for  a  person  or part  of  a  person  to  be  i n  the  hazardous  zone  wi thout  bei ng  detected .  

Part icu lar  care  shou ld  be  taken  i n  the  ri sk assessment  for mobi le  mach ines,  for  example  
where  i t  can  be  poss ible  to  c l imb on  the  mach ine  so  that  the  protecti ve  device  i s  not  act i vated .  

Cons iderati on  shou ld  be  g i ven  to  the  possibi l i ty of  exi t i ng  and  re-enteri ng  the  hazardous  zone  
wi thou t  detection  via  the  structu re  of  the  mach ine  or by o ther  foreseeable  methods.  

I t  shal l  not  be  possible  to  reset  a  restart  i n terlock from  i ns ide  the  hazardous  zone.  

A restart  i n terlock shal l  be  provided  where  protecti ve  equ ipment  i s  used  as  a tr i p  device  for 
perimeter guard ing .  
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A restart  i n terlock shal l  not  have  a t ime  de lay g reater than  0, 5  s  between  the  manual  reset  
(e. g .  press  and  re lease  of  a  pushbutton)  and  the  resumption  of  protecti ve  device  operation ,  
i . e .  the  OSSD(s)  i n  the  ON  state .  

Resett ing  a restart  i n terlock of  an  ESPE appl i cation  i s  always  a  safety- re lated  function .  
Measures  shal l  be  provided  to  reduce  the  probabi l i ty of  the  restart  i n terlock being  reset  by a 
trans ien t  or  s teady-state  fau l t  cond i t i on .  Such  measures  can  i ncl ude,  for  example,  requ i ring  
both  a r i s i ng  and  fal l i ng  edge  s ignal  wi th in  a def i ned  t ime  (e. g .  between  1 50  ms  and  4  s)  from  
a manual l y actuated  reset  device.  

NOTE  Fu rther i n formati on  can  be  found  i n  I SO 1 3849-1 : 201 5,  Subclause  5. 2. 2.  

5.7  Muting  

5.7. 1  General  

Muting  shal l  on l y be  provided  when  i t  i s  necessary for the  process  being  performed  on  the  
mach ine.  

When  an  i nd icator i s  provided  to  show that  the  muting  function  i s  acti ve,  i t  shou ld  be  
cons idered  whether  the  provis ion  of  the  mute  i nd icator can  l ead  to  improper attempts  to  
access  the  hazardous  zone.  

The  muti ng  function  shal l  be  i n i t iated  and  term inated  au tomatical l y.  Th is  shal l  be  ach ieved  by 
the  use  of  appropriatel y se lected  and  placed  sensors  or by s i gnals  from  the  mach ine  contro l  
system .  I ncorrect  s i gnals ,  sequence,  or  t im ing  of  the  mu ting  sensors  or s i gnals  shal l  not  al low 
a mute  cond i ti on .  

NOTE  When  muti ng  i s  performed  external l y  to  the  protecti ve  equ ipment,  the  OSSDs  of  the  protecti ve  equ i pment  
con ti nue  to  operate  bu t  do  not  cause  i n terrupti on  of  mach ine  operat i on .  

The part  or  parts  of  the  con trol  system  that  performs  the  muti ng  function  shal l  have  an  
appropriate  safety-re lated  performance  (SIL or  PL,  see  I EC  62061  or  I SO  1 3849-1 )  and  shal l  
not  reduce  the  safety-re lated  performance  of  the  protecti ve  functi on  below that  requ i red  for 
the  appl icati on .  

I t  shal l  not  be  possible  to  i n i t i ate  the  muting  functi on  when :  

– the  protecti ve  equ ipmen t OSSDs are  i n  the  OFF-state;  

– the  protecti ve  equ ipment  i s  i n  the  lock-out  cond i t i on .  

I n terrupti on  and/or restorati on  of  the  power suppl y to  the  protecti ve  equ ipment  and/or the  
muting  sensors  shal l  not  i n i t iate  muti ng  or  al low a mu ted  cond i t i on  to  con tinue.  Any fau l t  i n  the  
muting  ci rcu i t  shal l  not  i n i t i ate  a  muted  condi t ion .  

I t  shal l  not  be  poss ible  for muti ng  to  be  i n i ti ated  by an  earth  fau l t  or  open-ci rcu i t  of  the  s i gnal  
l i nes  or  the  power suppl y to  the  muti ng  sensors.  

Where  the  mu ti ng  functi on  i s  on l y avai lable  i n  certain  operati ng  mode(s)  of  the  mach ine,  
se lection  of  the  mode  i n  wh ich  the  muting  function  can  be  i n i t i ated  shal l  requ i re  the  use  of  a  
key,  keyword ,  or  too l .  

Manual  ad justmen t of  the  pos i ti on  or  t im ing  at  wh ich  muti ng  occurs  shal l  requ i re  the  use  of  a  
key,  keyword ,  or  too l .  

When  the  muting  function  i s  provided,  the  fo l l owing  requ i rements  appl y:  

– i n i t iat ion  of  the  muti ng  function  by two  or  more  i ndependent  muting  s i gnals  such  that  a  
s i ng le  fau l t  cannot  cause  a  muted  cond i t ion ;  
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– term ination  of  the  muting  functi on  when  any of  the  mu ting  s i gnals  main tain ing  the  functi on  
i s  deactivated ;  

– use  of  t im ing  and/or sequence  con trol  of  the  muting  s i gnals  to  ensure  correct  mu ti ng  
operation ;  

– protecti on  against  i nadvertent  i n i t iat ion  of  muting  or  conti nuous  muti ng  due  to  mechan ical  
damage  and/or m isal i gnment of  muting  sensors;  

– provis i on  of  measu res  to  prevent  c i rcumventi on  of  the  protecti ve  equ ipmen t;  

– protection  against  foreseeable  m isuse  i ncl ud ing  man ipu lati on .  

I n  add i t i on ,  the  fo l l owing  are  recommended  (see  also  Annex D) :  

– i n i t iation  and/or term inati on  of  the  muti ng  function  on l y at  the  appropriate  t imes  i n  the  
operati ng  cycle ,  for  example  by provis ion  of  a  mute  enable  s i gnal  i n  add i t i on  to  the  two  or 
more  muti ng  s i gnals ;  

– cons ideration  of  poss ible  trapping  and  crush ing  hazards  from  the  material  be ing  
transported .  

Measures  shal l  be  provided  to  reduce  the  probabi l i ty of  fau l ts  caus ing  i n i ti ati on  or  con ti nuation  
of  mu ti ng .  These  can  i ncl ude:  

– separati on  of  the  cabl i ng  from  each  sensor  to  the  muting  contro l l er;  

– mechan ical  protection  of  the  mu ti ng  sensor  cabl ing ;  

– detecti on  of  short-ci rcu i ts  between  the  muting  s i gnals,  for  example  by detection  of  a 
s imu l taneous  change  of  s tate  of  the  muting  s i gnals.  

Appl icati ons  i n  wh ich  the  muting  t ime  i s  long  ( for example  g reater  than  1  hour)  shou ld  be  
avoided .  Where  th is  i s  not  practicable,  add i t ional  measures  shal l  be  provided  to  reduce  the  
probabi l i ty that  an  accumu lation  of  fau l ts  i n  the  muting  system  l eads  to  the  l oss  of  the  
protecti ve  function  of  the  protecti ve  equ ipment.  Examples  of  measures  that  can  be  su i table  
are:  

– provis i on  of  a  mute  enable  s i gnal ;  

– term ination  of  the  muted  cond i t i on  when  the  protecti ve  f i e l d  i s  c leared  and  preventi on  of  a  
subsequent  muting  cycle  un ti l  a  correct  muting  sequence  i s  performed;  

– use  of  muti ng  sensors  wi th  a test  functi on  that  can  reveal  fau l ts  during  the  muted  
cond i t i on ,  for  example  d i ffuse  ref lecti ve  sensors  wi th  a test  i npu t.  The  test  frequency 
shou ld  be  re lated  to  the  du ration  of  the  muting  period  such  that  the  probabi l i ty of  
undetected  fai l u re  before  the  muting  period  ends  i s  acceptable.  

When  an  add i t i onal  hardware  i npu t  s i gnal  (e . g .  from  a conveyor)  i s  used  as  a mute  enable  
s i gnal ,  th i s  i npu t  shou ld  be  mon i tored  for at  l east  one  change  of  state  wi th in  an  appropriate  
time  to  ensure  i t  i s  not  the  resu l t  of  a  fau l t .  

5.7.2  Muting  to  al low access by persons  

Muting  may be  used  to  al l ow access  by a  person  or part  of  a  person ,  on l y:  

– duri ng  a  non-hazardous  port ion  of  the  mach ine  cycle  ( for  example  a  non -hazardous 
open ing  s troke  of  a  press) ,  or  

– when  safety i s  main tained  by other means  ( for example  for mach ine  setti ng  under reduced  
speed  or power  ) ,  

i n  order,  for  example,  to  remove/replace  a  workpiece.  
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5.7.3  Muting  to  al low access by materials  

Muting  may be  used  to  al l ow access  by material s  on l y when  safety i s  main tained  by other 
means,  for  example  when  the  presence  of  a  l oaded  pal let  on  a conveyor prevents  access  to  
the  hazardous  zone  by persons.  

The  fo l l owing  measures  shal l  be  provided  where  appl icable  (see  i n formati ve  Annex  D) :  

– selection ,  pos i t i on i ng  and  configurati on  of  the  mu ti ng  sensors  to  d is t ingu ish  a person  from  
the  material  that  i s  al l owed  to  pass  th rough  the  detecti on  zone;  

– selection  and  pos i ti on ing  of  the  muting  sensors  to  detect  the  load  be ing  conveyed  bu t  not  
the  pal let  or  the  transport  un i t,  to  prevent  people  from  en tering  the  zone  by cl imbing  on to  
the  pal l et  or  the  transport  un i t ;  

– detecti ng  that  the  goods  that  have  to  be  conveyed  are  obstructi ng  the  access  to  the 
hazardous  zone;  

– i nstal l i ng  the  muting  sensors  su ffi cien tl y c l ose  to  the  ESPE so  that  i t  i s  not  poss ible  for 
persons  to  en ter the  hazardous  zone  undetected  by immediatel y preced ing  or fo l l owing  the  
pal l et  or  the  transport  system  wh i l e  the  muting  function  i s  acti ve;  

– pos i t ion ing  of  the  ESPE or  muting  sensors  to  avoid  the  r isks  aris i ng  from  the  poss ibi l i ty of  
trapping  of  body parts ,  for  example  between  the  ESPE or muting  sensors  (or the  f i xed  
e lements  of  the  instal lati on)  and  a transport  un i t  or  the  product.  (Example  of  a  so l u ti on :  
f lexible ,  500  mm  swing  doors  mon i tored  by posi t ion  sensors) ;  

NOTE  I n formati on  on  m in imum  gaps  to  avoi d  crush i ng  i s  g i ven  i n  I SO 1 3857.  

– des ign ing  the  access  to  the  hazardous  zone  so  that  i t  i s  not  poss ible  for persons  to  en ter 
undetected  by pass ing  th rough  the  gap  between  the  load  being  conveyed  and  the  f i xed  
e lemen ts  of  the  instal lat i on  wh i le  the  mu ting  functi on  i s  acti ve  and  the  product  or  transport 
un i t  i s  moving  or  stati onary i n  the  muti ng  area  ( trapping  and  crush ing  hazards  shou ld  also  
be  cons idered) ;  

l im i t i ng  muti ng  to  a  t ime  that  i s  on l y su ffi cien t  for  the  material  to  pass  th rough  the  
detecti on  zone.  When  th i s  t ime  i s  exceeded,  the  muting  function  shal l  be  cancel led  and  al l  
hazardous  movements  stopped .  

When  none  of  these  measures  are  appl icable,  muti ng  shal l  not  be  appl i ed .  

5.7.4  Mute dependent  override  

5.7.4.1  General  

I n  appl ications  where  mu ti ng  i s  used  to  al low access  by materials ,  a  manual l y operated ,  mute  
dependen t  overri de  functi on  can  be  necessary to  al low blockages  to  be  removed  from  the  
detection  zone  of  the  protecti ve  equ ipment.  

When  the  mu ti ng  function  i s  cancel l ed  due  for example  to  an  i ncorrect  mu ti ng  sequence  or a  
t imeou t,  resu l t i ng  i n  a  product  or  transport  un i t  stopped  in  the  detecti on  zone  of  the  ESPE or 
of  the  mu ti ng  sensors,  al l  dangerous  mach ine  operati ons  shal l  be  stopped.  The  mute  
dependen t  override  functi on  i s  used  to  c l ear the  detecti on  zone  so  that  the  ESPE can  be  
reset.  Restarting  the  mach ine  shal l  on l y be  poss ible  by means  of  a  de l iberate  act ion .  

EXCEPTION  I n  the  special  case  of  exi t -on l y  mu ti ng  appl i cat i on ,  the  overri de  fu nct i on  may  al so  be  al l owed  when  
the  ESPE  i s  i n  the  OFF-state  bu t  no  mu ti ng  sensor i s  act i vated .  

The mute  dependent  override  functi on  shou ld  on l y enable  those  movements  that  are  
necessary to  perm i t  b lockages  to  be  removed  from  the  detection  zone  of  the  protecti ve  
equ ipment.  

I n  some appl icati ons,  resum ing  normal  operation  after a  m ute  dependen t  override  can  requ i re  
a separate  restart  i n terlock.  
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Mu te  dependent  override  shal l  on l y be  effecti ve  on  the  protecti ve  equ ipment that  requ i res  i t .  I t  
shal l  not  impai r  the  effecti veness  of  other safety functions .  

5.7.4.2  In i t iation  

The  mute  dependent  overri de  function  shal l  not  be  avai lable  un less  at  least  one  of  the  mu ti ng  
sensors  i s  actuated  and  the  detection  zone  i s  obstructed.  

Measures  shal l  be  provided  to  prevent  i n i t i ati on  of  the  mute  dependen t  overri de  function  due  
to  a  fau l t  or  i nadverten t  operati on  of  the  i n i t i ati ng  device.  

The  mu te  dependent  overri de  function  shal l  on l y be  i n i t i ated  by one  of  the  fo l l owing :  

– when  the  muted  ESPE and  the  hazardous  zone  are  vis ib le  from  the  posi t i on  where  the  
override  i s  i n i t iated ,  by the  use  of  a  ho ld- to-run  device  located  so  that  i t  i s  not  poss ible  to  
en ter  the  hazardous  zone  wh i ls t  main tai n ing  the  acti on  on  the  ho ld - to-run  device,  or,  

– when  the  muted  ESPE and  the  hazardous  zone  are  vis i ble  from  the  posi t i on  where  the  
override  i s  i n i t iated ,  by the  actuati on  and  re lease  o f  a  momentary actuated  device  i n i t i at i ng  
a maximum  override  t ime  determ ined  by a  r i sk assessment,  or,  

– when  the  hazardous  zone  i s  not  vis ible  from  the  pos i t i on  where  the  override  i s  i n i t i ated ,  by 
the  use  of  a  spring  retu rn  key operated  swi tch  (or equal l y secure  momentary act ion  
pushbu tton)  l ocated  so  that  i t  i s  not  possible  to  en ter  the  hazardous  zone  wh i l e  
main tain ing  the  act ion  on  the  swi tch  when :  

•  the  muted  ESPE i s  vi s i b le  from  the  pos i t ion  where  the  override  i s  i n i t i ated;  and  

•  the  area safeguarded  by the  ESPE  can  be  i nspected  before  i n i t iat ion  of  the  override;  
and  

•  no  access  to  the  hazardous  zone  i s  poss ible  during  the  overri de  sequence;  and  

•  an  emergency stop  can  be  i n i t i ated  from  the  same posi t ion .  

Acti vation  of  the  mute  dependent  overri de  functi on  shal l  not  i n i t i ate  movement .  I n i t i ati on  of  
movement  shal l  be  by a separate  actuation  of  a  con trol  that  may be  performed  by the  same 
device,  e . g . ,  a  momentary actuati on  of  a  pushbutton  act i vates  the  override  function ,  fo l lowed  
by a sustained  action  on  the  pushbutton  wh ich  then  i n i t i ates  movement.  

NOTE  Th i s  can  help  reduce  the  poss ibi l i ty  of  a  permanent  overri de  caused  by a  fau l t  or  man ipu lati on  of  the  hol d-
to-run  devi ce.  

5.7.4.3  Termination  

The mute  dependent  overri de  function  shal l  au tomatical l y term inate  when  any of  the  fo l l owing  
cond i t i ons  occu r:  

– al l  the  muting  sensors  are  de-actuated  and  the  detection  zone  of  the  ESPE  is  c lear;  

– a  pre-determ ined  t ime  l im i t  has  expi red ;  

– the  ho ld- to-run  device  i s  re leased ;  

– a  l ock-ou t  cond i ti on  i s  detected .  

Term ination  of  the  mute  dependen t  override  functi on  need  not  s top the  conveyor,  provided  no  
hazardous  s i tuation  can  occur.  

5.8  Rein i tiation  of  mach ine  operation  by the protective equ ipment  

The  use  of  th is  function  i s  restricted  to  appl icati ons  us i ng  type  4  AOPDs  used  as  a combined  
tri p  and  presence-sensing  device.  Rein i t iation  of  cycl i c  operation  by the  protecti ve  equ ipment  
shal l  on l y be  considered  for  s ing le-operator,  hand-fed  mach ines  having  repeti t i ve,  short  cycle  
time  operati ons.  
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Th is  functi on  requ i res  that  the  AOPD is  actuated  and  de-actuated  i n  order to  re in i t i ate  
operati on  of  a  mach ine.  

I f  there  i s  more  than  one  AOPD safeguard ing  the  mach ine,  on l y one  of  them  at  any one  t ime  
shal l  be  capable  of  cycle  re i n i t iation .  Fo l lowing  a change  of  wh ich  AOPD i s  capable  of  
re in i t i ation  of  cycl i c  operation ,  a  restart  performed  by a  de l iberate  manual  act i on  shal l  be  
necessary.  

NOTE  1  I n  the  case  of  cascade  con fi gu rat i on  of  AOPDs  wi th  a  common  OSSD,  th i s  con fi gu rati on  i s  cons i dered  as  
on l y  one  AOPD.  

The protecti ve  equ ipment  shal l  not  be  the  on ly means  of  i n i t iat ing  mach ine  operati on .  
Conven tional  mach ine  start  con tro ls  ( for example  pushbu ttons,  foot  pedals)  and  appropriate  
mode  se lection  (guard-on l y,  s i ng le  break re- i n i t i at i on ,  double  break re- in i t i ation)  of  the  
protecti ve  equ ipment  us i ng ,  for  example  a key operated  swi tch  shal l  be  provided.  

NOTE  2  The  term  “guard-on l y”  i s  used  here  to  refer  to  a  mode  i n  wh i ch  the  ESPE  i s  not  used  to  re i n i t i ate  mach ine  
operati on  bu t  so lel y to  provide  the  protecti ve  funct i on .  

A start  i n terlock and  a restart  i n terlock shal l  be  provided.  

To  reduce  the  poss ibi l i ty of  unexpected  re- i n i t i at i on ,  the  detecti on  capabi l i ty of  the  protecti ve  
equ ipment shal l  be  not  g reater than  30  mm  for hand  detecti on  or 50  mm  for  l eg  or  whole  body 
detection .  

I t  shal l  not  be  poss ible  for persons  to  pass  th rough  the  detecti on  zone  towards  the  hazardous 
zone  and  so  cause  re i n i t i at i on  of  mach ine  operati on  (see  4. 4. 2) .  Th is  can  requ i re  the  use  of  
add i t i onal  protecti ve  measures.  When  th is  i s  ach ieved  by the  use  of  removable  mechan ical  
guards  they shal l  be  i n terlocked  wi th  the  con tro l  system  so  that  the i r  removal  s tops  the  
mach ine  and  preven ts  restarting  un ti l  a  manual  restart  has  been  performed.  

Access  to  the  hazardous  zone  shal l  not  be  poss ible  wi thout  actuati ng  the  AOPD.  The  
poss ibi l i ty of  actuation  of  the  protecti ve  equ ipment by the  workpiece  shou ld  also  be  
cons idered .  When  s i ng le  break or double  break i s  selected ,  the  operation  cond i t i ons  shal l  be  
as  fo l l ows:  

The  f i rs t  cycle  of  the  mach ine  shal l  be  i n i t i ated  us i ng  a  conventional  s tart  con tro l .  Further 
cycles  wi l l  be  i n i ti ated  after a  set  number of  actuations  and  de-actuations  of  the  AOPD,  
depend ing  on  wh ich  operating  mode  i s  se lected  (e. g .  s ing le  or  double  break) ”.  Any actuation  
of  the  protecti ve  equ ipment duri ng  hazardous  operation  shal l  i n i t i ate  a restart  i n terlock 
requ i ri ng  a  conventi onal  manual  restart  of  the  mach ine.  

Mach ine  operation  shal l  be  re i n i t i ated  as  soon  as  practi cable  after the  de-actuati on  of  the  
AOPD and  wi th in  a t ime  commensurate  wi th  the  cycle  t ime  of  the  mach ine.  

When  the  re i n i t i ati on  does  not  occur wi th in  the  expected  time,  the  protecti ve  equ ipment  shal l  
i n i t iate  a restart  i n terlock.  Th is  t ime  shou ld  be  as  short  as  practicable .  

Re in i t i ati on  shal l  on l y occur when  the  duration  of  actuati on  of  the  protecti ve  equ ipment  i s  not  
l ess  than  1 00  ms.  

Means  shal l  be  provided  to  preven t  re i n i t i ati on  during  sett i ng ,  main tenance  and  s im i lar non-
producti on  operation  modes .  

A functi onal  check of  the  re in i t i ati on  functi on  i s  recommended  before  starti ng  to  use  
re in i ti at ion  by s i ng le  break or double  break.  

NOTE  3  I n  some coun tri es  the  functi onal  check i s  a  l egal  requ i rement.  
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6 Particular appl ication  requi rements for speci fic  protective equipment  

6.1  AOPDs 

6. 1 . 1  General  

Light  beam  devices  and  l i gh t  cu rtai ns  depend  for thei r  act i vation  on  the  in terruption  of  one  or  
more  l i gh t  beams.  Reflecti ve  surfaces  i n  the  vic i n i ty of  the  l i gh t  beam(s)  can  reduce  the  abi l i ty 
of  the  AOPD to  detect  the  i n tended  obj ect,  as  shown  in  F igure  8 .  

NOTE  Appl i cati on  examples  are  g i ven  i n  Annex C.  

 

Figure 8  – Example of  the effect  of  reflective  surfaces  

The AOPD manufacturer’s  g u idance  on  avo id ing  the  effect  of  refl ecti ve  surfaces  shal l  be  
fo l l owed .  To  ach ieve  th is  th roughout  the  l i fecycle  of  the  mach ine,  i t  i s  necessary to  cons ider 
factors  such  as  weari ng  of  pain ted  surfaces,  changes  of  process  material ,  beam  d i vergence,  
envi ronmental  i n f l uences,  etc.  

6. 1 .2  Light  beam  device(s)  

6. 1 .2.1  General  

Light  beam  devices  may provide  one  or  more  beams.  When  they are  used  as  tri p  devices  for  
whole  body detecti on  i n  perimeter guard ing ,  a  restart  i n terlock or a  presence-sensing  device  
i s  usual l y necessary to  prevent  u nexpected  restarti ng .  Because  l i g h t  beam  devices  usual l y 
have  no  speci fi ed  detection  capabi l i ty bu t  on l y detect  i n terrupti on  of  the  beam(s) ,  they requ i re  
carefu l  pos i t ion ing  to  ensure  they are  effecti ve.  

For the  calcu lat ion  of  the  m in imum  d istance,  the  response  t ime  of  each  beam  wi th  respect  to  
the  s i ze  and  speed  of  the  body part  that  wi l l  pass  at  each  hei gh t  shal l  be  cons idered .  

Each  beam  shal l  be  able  to  detect  an  obj ect  of  1 20  mm  d iameter  p laced  at  the  cen tre  of  the  
beam  axis .  Th is  also  appl ies  where  a g roup of  em i tters  and/or receivers  i s  i n tended  to  act  as  
a s i ng le  beam .  

The  pos i t ion ing  and  characteristics  of  each  beam  shal l  take  i n to  account  the  possibi l i ty of  

– encroachment  between ,  over  or  u nder the  beams;  

– undetected  penetration  of  parts  of  the  body,  for  example  hands/arms;  

IEC  
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– crawl i ng  under,  cl imbing  th rough  or  j umping  over.  

The  hei ghts  for 2 ,  3  and  4  beams  g iven  i n  Table  2  have  been  found  to  be  the  best  
comprom ise  between  an  adequate  r isk reduction  and  the  most  practical  i n  appl ication .  Not  al l  
appl ications  al l ow the  use  of  mu l t i ple  separate  beams.  Further protecti ve  measures  to  preven t  
access  to  the  hazard  zone  can  be  requ i red .  For the  lowest  beam  (see  6 . 2. 2  a)  of  
ISO 1 3855:201 0) ,  400  mm  shal l  on l y be  used  when  the  ri sk assessment  al l ows  i t .  

Table  2  – Beam  heights  for l ight  beam  devices  

No.  of  beams  Heights  above reference plane,   
for  example fl oor  

mm  

4  300,  600,  900,  1  200  

3  300,  700,  1  1 00  

2  400  a ,  900  

a   For the  l owest  beam ,  400  mm  can  on l y  be  used  when  the  ri sk assessment  al l ows  i t .  

 

The he igh t  of  the  uppermost  beam  shal l  be  ≥  900  mm  to  prevent  stepping  over the  detecti on  
zone.  Th is  i s  not  appl icable  for s i ng le  beams  or for detection  zones  paral l e l  to  the  d i recti on  of  
approach .  

A g reater number of  beams  can  reduce  the  poss ibi l i ty of  penetration  or  c i rcumventi on .  Two  
beams may be  used  on ly when  shown  to  be  sati sfactory by a r i sk assessment,  for  example  
when  c i rcumvention  i s  d i ff i cu l t  due  to  f i xed  obstacles  i n  the  open ing .  

6. 1 .2.2  Cross-interference 

Light  beam  devices  can  be  subj ect  to  cross- in terference  between  ad jacen t  beams,  or  between  
ad jacen t  devices.  Measures  shal l  be  taken  to  reduce  the  risk of  cross  i n terference.  Such  
measures  can  i nclude:  

– measures  provided  by the  device  manufacturer,  for  example  d i fferent  codes;  

– secure  i nstal lati on  and  fasten ing ;  

– al ternating  the  d i recti on  of  ad jacent  beams;  

– orientati on  of  the  beam  d i recti on ;  

– al i gnment  of  devices,  use  of  l i gh t  baffl es  and  avo idance  of  refl ecti ve  surfaces  to  preven t  a 
transm i tter  energ izi ng  the  receiver  of  a  d i fferen t  l i gh t  beam  device.  

6. 1 .2.3  Use of  l ight  beam  devices  to  detect  access to  smal l  openings of  a  machine  

When  l i gh t  beam  devices  are  used  to  detect  access  to  smal l  open ings  of  a  mach ine,  the  same 
requ i rements  appl y as  i f  a  l i g h t  curtain  was  used ,  i nclud ing  ensuring  that  i t  i s  not  poss ible  to  
reach  the  hazard  by reach ing  over or  under  the  beam(s) .  

For a s i ng le  beam ,  the  detecti on  capabi l i ty value  used  for the  calcu lati on  of  the  m in imum  
safety d istance  shal l  be  the  sum  of  the  effecti ve  beam  d iameter  and  the  l argest  gap  between  
the  beam  and  the  edge  of  the  open ing  (see  Figu re  9) .  For mu l t i p le  l i gh t  beam  devices,  the  
value  used  shal l  be  the  l arger  of  (see  Fi gure  1 0) :  

a)  the  sum  of  the  l argest  effecti ve  beam  d iameter and  the  l argest  gap between  the  beam  and  
the  edge  of  the  open ing ,  or  

b)  the  sum  of  twice  the  l argest  effecti ve  beam  d iameter  and  the  l argest  gap between  beams.  
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Figure 9  – Detection  capabi l i ty of  sing le l igh t  beam  device  

 

Figure 1 0  – Detection  capabi l i ty of  a  mu l tiple   
l igh t  beam  device  

6. 1 .3  Light  curtains  

6. 1 .3. 1  Orientation  of  the  detection  zone  

Light  cu rtains  can  be  oriented  i n  one  of  the  fo l l owing  s ix  formats  (see  also  Annex A) :  

– orthogonal  approach  – where  the  detecti on  zone  i s  orthogonal  to  the  d i recti on  of  
approach ;  

– paral l el  approach  – where  the  detecti on  zone  i s  paral l e l  to  the  d i rection  of  approach ;  

– ang led  approach  – where  the  detection  zone  i s  at  some other ang le  to  the  d i rection  of  
approach ;  

– combination  approach  – where  the  detecti on  zone  combines  two  or  more  of  the  above;  

– f i xed  dual  format – where  the  detecti on  zone  can  be  se lected  to  be  e i ther orthogonal  or  
paral l el  to  the  d i rection  of  approach .  The  m in imum  d istance  shal l  be  main tained  i n  both  
orientati ons  of  the  detecti on  zone;  

– rotat i ng  dual  format – where  the  detection  zone  can  be  converted  to  a  posi t ion  e i ther 
orthogonal  or  paral l el  to  the  d i rection  of  approach  by rotating  the  l i g h t  curtain  abou t  a  
p i vot.  I t  shal l  not  be  possible  to  rotate  the  l i gh t  curtain  towards  the  dangerous  parts  i f  the  
m in imum  d is tance  cannot  be  main tained .  

For m in imum  d istance  calcu lat i ons ,  where  the  ang le  of  approach  i s  g reater than  30°,  i t  i s  
cons idered  as  an  orthogonal  approach  and  where  the  ang le  of  approach  i s  less  than  30°,  i t  i s  
cons idered  as  a  paral le l  approach .  

The  hei ght  of  the  top and  bottom  beam  of  a  l i g h t  curtain  shal l  be  su ffi c ien t  as  defi ned  i n  6 . 5  of  
ISO 1 3855:201 0,  to  preven t  persons  from  accessing  the  hazard  zone  by reach ing  above  or 
be low the  protecti ve  f ie l d .  

IEC  
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6. 1 .3.2  Cross-interference 

Light  cu rtai ns  can  be  subject  to  cross- i n terference  between  ad jacent  devices.  Measures  shal l  
be  taken  to  reduce  the  ri sk of  cross  i n terference.  Such  measures  can  incl ude:  

– measures  provided  by the  l i gh t  curtain  manufacturer,  for  example  d i fferent  codes;  

– secure  i nstal lat i on  and  fasten ing ;  

– al ternati ng  the  beam  d i recti on  of  ad j acen t  devices;  

– al i gnment  of  devices,  use  of  l i gh t  baffles  and  avoidance  of  ref lecti ve  su rfaces,  to  prevent  a  
transm i tter  energ i zi ng  the  receiver  of  a  d i fferen t  l i gh t  curtai n .  

6. 1 .3.3  Blanking  

Blanking  may be  f i xed  or  f loati ng .  F loati ng  b lanking  i s  a  techn ique  wherein  the  blanked  area 
of  the  detecti on  zone  fo l l ows  the  l ocation  of  a  moving  obj ect(s)  during  operati on .  

NOTE  1  Fl oat i ng  bl anking  i s  used  for  appl i cati ons  i n  wh i ch  the  materi al  o r work pi ece  can  move  wi th i n  the  
detecti on  zone.  

The b lanked  area shal l  be  con ti nuous l y occupied  by material ,  workpiece,  f i xtu res,  f i xed  
guards  or removable  i n terlocking  guards  (see  F igure  1 1 ) .  The  part  or  parts  of  the  contro l  
system  that  perform  the  i n terlocking  of  the  removable  guards  shal l  have  an  appropriate  
safety- re lated  performance  (SI L or  PL,  see  IEC 62061  or  I SO 1 3849-1 ) .The  speci f i ed  
detecti on  capabi l i ty of  the  AOPD can  be  used  to  calcu late  the  m in imum  safety d istance  on l y 
when :  

– access  th rough  the  blanked  areas  i s  completel y obstructed,  and  

– ou ts ide  the  blanked  areas  the  stated  detecti on  capabi l i ty i s  ensured .  

I t  cannot  always  be  ensured  that  b lanked  areas  are  completel y obstructed  by mechan ical  
means.  I n  th is  case  the  d imension  of  the  resu l t ing  gap  i n  the  detection  zone  determ ines  the  
requ i red  m in imum  d is tance  between  the  AOPD and  the  hazardous  area.  The  re levant  
i n formation  provided  i n  the  user manual  of  the  AOPD  shal l  be  cons idered .  

To  preven t  poss ible  m isuse,  b lanking  shal l  not  be  avai lable  except  when  necessary for the  
operation  of  the  mach ine.  The  blanked  area or number of  blanked  beams  shal l  not  be  g reater 
than  i s  needed  for  correct  mach ine  operation .  

NOTE  2  I n  a  devi ce  des i g ned  accord i ng  to  I EC  61 496-2,  the  s tate(s)  of  the  beam  i n terrupti on (s)  wi th i n  the  
blanked  area are  mon i tored .  I f  the  beams  are  not  i n terrupted  as  i n tended,  the  OSSD(s )  goes  to  the  OFF-state.  

NOTE  3  I n  devi ces  des i g ned  accord i ng  to  I EC  61 496-2,  each  bl anked  area consi s ts  o f  ad j acent  beams.  I t  i s  
mon i tored  whether the  i n terrupted  beams  are  ad j acen t  to  each  other or  not.  I f  i n  a  bl anked  area i n terrupted  beams 
are  found  to  be  separate  from  each  other,  the  OSSD(s )  go  to  the  OFF-state.  

I t  shou ld  not  be  possible  to  change  from  normal  operation  mode  to  a  blanking  mode  (or  
change  of  type  of  b lanking )  during  the  working  cycle  of  the  mach ine  un less  necessary.  

I f ,  for  a  particu lar appl icati on ,  i t  i s  necessary to  acti vate  the  blanking  functi on  on l y for  a  part  of  
the  mach ine  cycle,  the  b lanking  functi on  shal l  be  i n i t iated  and  term inated  au tomatical l y.  Th is  
may be  ach ieved  by the  use  of  appropriate l y se lected  and  placed  sensors  or,  i n  some cases,  
by s i gnals  from  the  safety-re lated  con tro l  system .  I ncorrect  s ignals,  sequence,  or  t im ing  of  the  
blanking  sensors  or s i gnals  shal l  not  al l ow a b lanked  cond i t i on .  

After each  confi gurati on ,  the  effecti veness  of  the  detecti on  zone  shal l  be  veri f i ed .  

I n formation  abou t  any change  of  the  effecti ve  resolu tion  of  the  ESPE due  to  b lanking  shal l  be  
avai lable  i n  the  in formation  for  use.  



 – 44  – I EC 62046:201 8  © I EC  201 8  

The  part  or  parts  of  the  contro l  system  that  i n i t i ate(s)  the  blanking  functi on  shal l  have  an  
appropriate  safety-related  performance  (SI L or  PL,  see  I EC  62061  or  I SO  1 3849-1 )  such  that  
they do  not  adversel y affect  the  safety-re lated  performance  of  the  protecti ve  function .  

The  instal lati on  shal l  be  such  as  to  m in im ize  the  poss ibi l i ty of  l oss  of  detecti on  capabi l i ty  
caused  by refl ect i ve  surfaces  i n  the  blanked  zone  (see  also  6. 1 . 1 ) .  

 
Key 

1 .   F i xed  guard  or  i n terl ocked  removable  guard  

2.   P rocess  material  

3 .   F i xed  part  o f  mach ine  

4.   B lanked  area  

Figure 1 1  – Example  of  use of  blanking  

6. 1 .3.4  Reduced  resolution  

Reduced  resolu ti on  (al so  referred  to  as  unmon i tored  blanking )  changes  the  detecti on  
capabi l i ty of  the  AOPD.  I t  i s  i n tended  to  ensure  that  objects  i n  the  detection  zone  (cables,  
tubes,  etc. )  of  a  d i ameter smal l er than  the  detecti on  capabi l i ty are  i gnored.  Any obj ect  equal  
to  or  l arger  than  the  detection  capabi l i ty shal l  be  detected.  F i gure  1 2  shows  an  example  of  
reduced  resolu ti on  appl i ed  to  a decoi ler.  

Reduced  reso lu tion  can  be  effecti ve  over  the  en ti re  detecti on  zone  or  wi th i n  def ined  f i xed  or  
moving  zones.  

When  calcu lati ng  the  m in imum  d istance  for pos i t i on i ng  of  the  AOPD,  the  detecti on  capabi l i ty 
of  the  se lected  reduced  resolu t ion  shal l  be  used.  

Manual  ( i . e.  non-au tomatic)  se lecti on  of  a  reduced  resolu t ion  mode  shal l  on l y be  poss ible  by 
the  use  of  a  key,  keyword  or too l .  

Au tomatic  selection  of  a  reduced  resolu t i on  mode  shal l  on l y be  confi gurable  by the  use  of  a  
key,  keyword  or too l .  

IEC  
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The  detecti on  capabi l i ty of  the  se lected  reduced  resolu ti on  shal l  be  veri f ied  wi th  an  
appropriate  test  pi ece.  

 

Figure 1 2  – Example  of  reduced  resolution  

6.2  AOPDDRs 

AOPDDRs are  used  both  i n  s tat ic  and  mobi l e  appl icati ons.  

NOTE  1  Appl i cati on  examples  are  g i ven  i n  Annex B .  

AOPDDRs i n  accordance  wi th  I EC  61 496-3  are  Type  3  ESPEs.  

For vertical  detection  zones  detecti ng  whole  body access  (operating  as  a  tri p  device)  i t  shal l  
be  ensured  that  the  AOPDDR wi l l  detect  a  person  pass ing  though  the  detecti on  zone  at  
1 , 6  m /s  and  send  the  OSSDs  to  the  OFF-state.  (See  annex B4)  

When  confi guring  the  detection  zone  of  an  AOPDDR,  care  shal l  be  taken  to  ensure  that:  

– the  detecti on  zone  fu l l y covers  the  hazardous  zone;  

– no  shadow zones  are  created  beh ind  obj ects ,  that  can  al l ow persons  to  approach  c loser to  
the  danger zone  than  the  calcu lated  m in imum  d istance;  

– the  AOPDDR manufacturer’s  i nstructi ons  regard ing  nearby ref lecti ve  surfaces  and  
i n terference  from  the  background  have  been  taken  i n to  accoun t;  

– the  i nstructi ons  for sett i ng  the  detecti on  zone(s)  i ncl ud ing  cons ideration  of  the  to lerance  
zone(s)  are  taken  in to  accoun t;  

– i nstructi ons  abou t  the  m in imum  requ i red  d istance  between  the  boundary of  a  detection  
zone  and  obj ects  that  need  not  be  detected  ( for example,  wal ls  or  parts  of  mach ines)  are  
taken  i n to  account;  

– no  hazard  can  arise  i n  a  particu lar  appl ication  due  to  the  presence  of  zone(s)  wi th  l im i ted  
detecti on  capabi l i ty.  

NOTE  2  I t  can  be  helpfu l  to  mark the  boundary of  the  detecti on  zone  on  the  f l oor.  
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I n  mobi l e  appl icati ons,  there  shal l  be  no  trapping  or crush ing  hazards  at  the  edge  of  the  
overal l  detecti on  zone.  I n  mobi l e  appl icati ons,  several  add i t i onal  factors  shal l  be  considered  i n  
order  to  main tain  the  m in imum  d is tance,  for  example:  

– d i ff i cu l t  envi ronmental  cond i t ions;  

– the  phys ical  envi ronmen t ( for example  refl ect i ng  properties)  changes  as  a  resu l t  of  the  
movemen t;  

– the  s topping  system  performance  and  poss ible  deteri orati on ;  

– chang ing  f l oor or  g round  cond i t i ons  (e. g .  water,  o i l  or  i ce  present  occas ional l y)  that  can  
i n fl uence  the  s topping  d i stance;  

– the  hazardous  zone  moves  together wi th  the  mach ine  ( the  primary hazard  i s  the  impact  or  
crush ing  caused  by the  moving  mach ine) ;  

– the  d i rection  of  approach  of  an  obj ect  can  vary,  for  example  due  to  changes  in  d i rection  of  
movement of  the  veh icle;  

– the  d i rection  of  approach  of  a  person  can  vary due  to  changes  i n  d i recti on  of  movement  of  
the  veh icle  and/or the  person ;  

– i f  the  mach ine  moves  over uneven  surfaces,  the  effecti ve  he igh t  of  the  detection  zone  can  
vary from  i ts  i n tended  posi t i on ;  

– d i fferent  speeds  of  movement  shal l  be  cons idered ,  for  example:  

•  speed  of  the  mach ine  (and  AOPDDR) ;  

•  re lat i ve  speed  of  the  mach ine  and  the  object  to  be  detected ,  for  example  

– person ,  

– b icycles ,  

– forkl i ft  trucks,  

– other veh icles.  

6.3  Vision  based  protective  devices VBPD 

VBPD  shal l  be  i n  accordance  wi th  I EC  TS  61 496-4-2:201 4 or  I EC  TS  61 496-4-3:201 5.  

When  confi guring  the  detection  zone  of  an  VBPD,  care  shal l  be  taken  to  ensure  that  

– the  detecti on  zone  fu l l y covers  the  hazardous  zone;  

– no  shadow zones  are  created  beh ind  obj ects ,  that  can  al l ow persons  to  approach  c loser to  
the  danger zone  than  the  calcu lated  m in imum  d istance;  

– the  VBPD  manufactu rer’s  i nstructi ons  regard ing  l i gh tn i ng  and  background  requ i rements  
are  fo l lowed;  

– the  manufacturer’s  i nstructi ons  for sett i ng  the  detection  zone(s)  (e. g .  m in imum  si ze  of  the  
detecti on  zone)  i nclud ing  consideration  of  the  to lerance  zone(s)  are  fo l l owed;  

– the  manu factu rer’s  i nstructi ons  about  the  m in imum  requ i red  d istance  between  the  
boundary of  a  detecti on  zone  and  obj ects  that  need  not  be  detected  ( for example,  wal ls  or  
parts  of  mach ines)  are  fo l lowed ;  

– the  manufacturer’s  i nstructi ons  about  zone(s)  wi th  l im i ted  detecti on  capabi l i ty shal l  be  
taken  i n to  account;  

– the  manufacturer’s  i nstructi ons  abou t  i nstal l ation  of  the  VBPD (e. g .  l im i tati on  of  ang le  or,  
he i ght)  are  fo l l owed.  

NOTE  Appl i cati on  examples  are  g i ven  i n  Annex C.  
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6.4  Pressure-sensi t ive  mats  and  floors  

6.4. 1  Pressure  sensi tive floors  

Pressure  sens i t i ve  f loors  cons ist  of  moving  ri g i d  p lates  that  detect  the  presence  of  a  person  
by the i r  weight  by actuating  sensors,  for  example  l im i t  swi tches.  Factors  that  shal l  be  taken  
i n to  account  when  selecti ng  a pressure  sens i t i ve  f l oor as  a  protecti ve  device  i nclude  the  
constructi on  of  the  f l oor,  the  envi ronmental  cond i ti ons,  the  behavior  i n  the  presence  of  fau l ts  
and  the  operati onal  cond i t ions  ( for example  the  poss ibi l i ty of  ci rcumvention) .  Pressure  
sens i t i ve  f l oors  shal l  not  be  used  when  deformation  of  the  p late  or  fore ign  objects  under the  
plate  can  render the  device  unable  to  detect  a  person  stepping  on  i t .  

6.4.2  Pressure  sensi tive mats  

6.4.2.1  Selection  cri teria  

Pressure  sensi t i ve  mats  are  devices  whose  upper surface  i s  deformable  and  that  detect  the  
presence  of  a  person  by the i r  weigh t  by deformation  of  the  upper surface  generati ng  a  s i gnal .  
Factors  that  shal l  be  taken  in to  account  when  selecti ng  a pressure  sensi t i ve  mat  as  a  
protecti ve  device  i ncl ude  the  constructi on  of  the  mat,  the  envi ronmental  cond i t ions,  the  
behavior  i n  the  presence  of  fau l ts  and  the  operational  cond i t i ons  ( for example  the  poss ibi l i ty 
of  c i rcumven tion) .  

NOTE  More  i n formati on  on  pressure  sensi t i ve  mats  can  be  found  i n  I SO 1 3856-1 .  

6.4.2.2  Mat  characteristi cs  

The safety i n tegri ty of  the  mat  depends  on  i ts  re l i abi l i ty and  fau l t  res istance  rather than  fau l t  
detecti on ,  therefore  undetected  deterioration  of  sens ing  performance  ( for example  due  to  s low 
i ng ress  of  dust,  l i qu i ds  or  gases)  can  occur.  

Some types  of  pressure  sensi t i ve  mat cannot  detect  a  person  al ready s tand ing  on  the  mat 
when  the  power  i s  swi tched  on ,  or  i s  i n terrupted  and  restored.  These  mats  shal l  not  be  used  
as  protecti ve  devices.  

Sens i ti vi ty can  be  adversel y affected  by static  load ing  ( for  example  process  material  resting  
on  the  surface  of  the  mat) .  

Cable  en try po in ts  to  mats  shal l  be  such  that:  

– there  are  no  tri pping  hazards  due  to  connecti ng  cables;  

– any dead  zone  ad j acen t  to  the  en try po in t  of  connecti ng  cables  i s  not  i n  the  area i n tended  
for the  detecti on  of  persons;  

– the  cable  i s  not  i n  a  pos i t i on  where  mechan ical  damage i s  l i ke l y.  

When  the  d i fference  in  he ight  of  ad jacent  hori zon tal  su rfaces  i s  4  mm  or more,  a  g round-fl ush  
i nstal l ati on  or  a  smal l  ramp shal l  be  used .  I f  a  ramp i s  used ,  i ts  s lope  shal l  not  exceed  20°.  

When  us ing  a  combinati on  of  mats,  dead  areas  i n  the  detection  zone  shal l  be  avo ided.  For  
gu idance,  see  F igures  B. 1  and  B. 2  of  I SO 1 3856-1 :201 3.  

When  a  mat  system  i s  u sed  as  a  tri p  device,  the  m in imum  d istance  of  the  mat  edge  from  the  
hazard  shal l  take  i n to  accoun t  the  worst  case  cond i t i ons,  for  example  the  l eng th  of  a  person ’s  
f i rst  s tri de  on to  the  mat from  any poss ible  d i rection  of  approach .  

The  d imens ions  of  the  mat shal l  be  se lected  to  prevent  a person  stepping  over or  j umping  
over  the  mat.  
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6.4.2.3  Envi ronmental  cond i tions  

Envi ronmental  cond i t i ons  that  shal l  be  taken  i n to  account  when  cons idering  the  se lection  of  a  
pressure  sens i t i ve  mat  as  a  protecti ve  device  i nclude:  

– su rface  con tam ination  of  the  mat  g i vi ng  rise  to  a  s l i pping  hazard;  

– i rregu lari t i es  of  the  mat mounti ng  surface  that  can  impai r  the  sens i ti vi ty of  the  mat;  

– wheeled  traff ic  on  the  mat  ( forkl i ft  trucks  or o ther heavy veh icles  can  cause  damage to  the  
mat  especial l y when  braking ,  accelerati ng  or  tu rn i ng ) ;  

– chem icals  ( for  example  o i l s ,  so l ven ts,  cu tt i ng  f l u i ds)  that  can  cause  changes  i n  the  
properti es  of  the  mat,  such  as  swel l i ng  or  harden ing  of  the  material ,  resu l t i ng  i n  a  change 
of  sens i t i vi ty;  

NOTE  1  The  manu factu rer o f  the  mat  usual l y  g i ves  i n formati on  i n  the  data sheet  abou t  the  perm iss ible  
chem ical  envi ronment.  Special  su rface  coveri ngs  may al so  be  avai l able.  

– effects  of  temperatu re.  The  m in imum  temperature  range  requ i red  i n  I SO 1 3856-1  i s  +5  °C  
to  +40  °C.  Cold  envi ronments  can  make the  material  of  the  mat  st i ff  and  hot  envi ronments  
can  make the  material  soft,  thus  chang ing  the  sensi t i vi ty of  the  mat;  

– fore ign  bod ies  such  as  weld ing  splatter,  swarf  or  sand  can  wear or  damage  the  mat.  
Add i ti onal  protecti ve  coverings  speci f i ed  by the  manufacturer  may be  used .  

NOTE  2  Other add i t i onal  coveri ngs  can  impai r  the  sensi t i vi ty  of  the  mat.  

6.4.2.4  Frequent  actuation  

The safety i n tegri ty of  the  mat depends  on  i ts  re l iabi l i ty and  fau l t  res istance.  The  mat  shal l  be  
chosen  to  wi thstand  the  expected  number of  actuati ons  and  frequency of  operati on .  

6.4.2.5  In frequent  actuation  

Where  mats  are  i n frequen tl y actuated ,  i t  wi l l  be  necessary for the  user to  perform  period ic 
tests  to  veri fy the  mat’s  i n tegri ty.  

6.4.2.6  Physical  properties  of  the mat  

The phys ical  properti es  of  the  mat  can  cause  problems  i n  some appl icati ons.  At  l east  the  
fo l l owing  po in ts  shal l  be  taken  i n to  accoun t:  

– permanent  deformation  or harden ing  of  the  mat surface  can  form  ”bridges”  over parts  of  
the  sensing  f ie l d ;  

– i n  most  des i gns  there  i s  an  i n ternal  ai r  gap i ns i de  the  mat.  I ng ress  of  material  (smal l  or 
l arge  part ic les) ,  verm in ,  corrosive  gases  or  f l u id  can  cause  the  mat  to  fai l .  Smal l  ho les  
m ight  not  be  detected  du ri ng  main tenance.  

6.4.2.7  Mounting  su rface  

I rregu lari t ies  of  the  f loor  or  o ther moun ting  surface  can  impai r  the  functi on  of  the  mat  and  
shal l  therefore  be  wi th i n  the  l im i ts  s tated  by the  manufacturer  of  the  mat.  

The  mat  shal l  be  secure l y f i xed  in  p lace  to  preven t  accidental  or  i n tended  movemen t of  the  
mat thus  leaving  unprotected  access  to  the  hazardous  zone.  

7 Inspection  and  test  

7.1  General  

The fo l l owing  tests  can  be  appl i ed  to  ensu re  that  the  protecti ve  equ ipment  operates  as  
i n tended :  
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a)  i n i t ial  i nspecti on  and  test  after i nstal lat i on  or  mod i f icati on .  The  i n tegrator shal l  perform  an  
i n i t ial  i nspecti on  and  test  to  val i date  the  i n tended  ri sk reducti on  i s  ach ieved,  as  defi ned  i n  
the  i n formation  of  use.  (see  7. 4) ,  

b)  peri od ic  i nspecti on  and  test  at  su i table  i n tervals  or  after repai r  (see  7. 3) ,  

c)  functi onal  checks  to  ensure  that  the  mach ine  and  protecti ve  equ ipment con tinues  to  
operate  safel y between  period ic  i nspections  and  tests  (see  7. 2) .  

The  in formation  for use  shal l  speci fy the  procedures  that  shal l  be  used  to  perform  the  tests  
described  in  7. 2  and  7. 3 .  

7.2  Functional  checks  

Functi onal  checks  shal l  be  carri ed  ou t  on  a frequen t  (e. g .  dai l y)  bas is ,  depend ing  on  the  ri sk 
assessmen t for the  appl ication .  These  checks  shal l  be  carri ed  ou t  by a su i tabl y trained  
person .  The  checks  shal l  i nclude:  

a)  check that  the  protecti ve  equ ipment i nclud ing  muting  sensors  (where  appl icable) ,  wi ri ng ,  
etc.  i s  securel y moun ted  i n  pos i t i on  and  there  are  no  s i gns  of  modi f i cati on ,  damage or 
deteri orati on ;  

b)  a  check that  access  to  the  dangerous  parts  of  mach inery i s  on l y poss ible  by actuation  of  
the  protecti ve  equ ipment,  and  that  add i t ional  mechan ical  protecti on  such  as  s ide  and  rear  
guards  are  i n  p lace  and  undamaged ;  

c)  a  check of  the  effecti veness  of  the  protecti ve  equ ipment  wi th  power on  bu t  wi th  the  
mach ine  at  rest  as  fo l l ows:  

1 )  f i rst  establ i sh  that  the  protecti ve  equ ipmen t i s  functi on ing  by checking  the  state  of  the  
appropriate  i nd icators,  and  ensure  that  the  protecti ve  equ ipment  i s  not  muted ;  

2)  i nsert  the  appropriate  test  p iece  i n to  the  sensing  f i e ld  of  the  protecti ve  equ ipment.  

i )  when  an  AOPD i s  used,  the  test  pi ece  shal l  be  passed  very s lowl y down  the  l i gh t  
curtain  i n  th ree  separate  places:  cl ose  to  one  transm i tter/receiver co lumn,  close  to  
the  other transm i tter/receiver co lumn,  and  i n  the  m idd le  of  the  l i gh t  curtai n .  The 
i nd icator  l i g h t  that  i nd icates  actuation  ( i n terrupt i on)  of  the  protecti ve  equ ipmen t 
(e. g .  l i gh t  curtai n )  shal l  change  state  whenever the  test  p i ece  enters  and  l eaves  the  
protecti ve  equ ipment ( l i gh t  curtai n )  and  shal l  not  change  state  for the  whole  t ime  
the  test  p i ece  i s  i n  the  detection  zone;  

i i )  when  a pressure-sensi t i ve  mat or  f loor i s  used,  actuate  the  mat/fl oor at  several  
p laces  (e. g .  by stand ing  on  i t)  and  check that  the  mat/f loor functi ons  (e. g .  by 
observing  i nd icator l i gh ts) ;  

i i i )  when  an  AOPDDR i s  used ,  i nsert  the  test  p iece  i n to  the  detecti on  zone  at  vari ous  
po in ts  around  the  boundary of  the  detecti on  zone.  The  i nd icator l i gh t  that  i nd icates  
actuati on  of  the  AOPDDR shal l  change  state  whenever the  test  p iece  en ters  and  
l eaves  the  detection  zone  and  shal l  not  change  state  for  the  whole  t ime  the  test  
p iece  i s  i n  the  detection  zone.  Th is  check shal l  be  performed  for  al l  the  avai lable  
detecti on  zones.  

Where  those  tests  are  not  appropriate,  the  equ ivalen t  test(s)  speci f i ed  by the  
manufacturer of  the  protecti ve  device  shal l  be  carri ed  ou t.  

3 )  when  the  protecti ve  equ ipment i s  used  as  a tri p  device,  i n i ti ate  mach ine  operati on  and  
i nsert  the  test  p i ece  i n to  the  detecti on  zone  of  the  protecti ve  equ ipment.  The  test  p iece  
shal l  on l y be  i nserted  i n  the  detecti on  zone  avoid ing  en teri ng  the  hazard  zone.  Upon  
i nsert ion  of  the  test  p i ece  during  hazardous  operation ,  the  dangerous  parts  of  the  
mach ine  shal l  come to  rest,  or  to  an  otherwise  safe  cond i ti on ,  wi thout  apparen t  de lay;  

4)  when  the  protecti ve  equ ipment i s  used  as  a presence  sens ing  device,  i nsert  the  test  
p iece  in to  the  detecti on  zone  of  the  protecti ve  equ ipment and  attempt  to  i n i t i ate  
mach ine  operati on .  The  test  p iece  shal l  on l y be  i nserted  i n  the  detection  zone  as  far  
away as  poss ible  from  the  hazard  zone.  I t  shal l  not  be  poss ible  to  i n i t i ate  hazardous  
operati on  wh i l e  the  protecti ve  equ ipment i s  actuated .  
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5)  I n  the  case  of  pressure-sensi t i ve  mats  or  f l oors ,  a  weigh t  shal l  be  used  to  actuate  the  
mat/floor  to  avoid  stand ing  near  the  hazard  zone  during  the  test.  

7.3  Period ic  i nspection  and  test  

The period  between  each  period ic  i nspection  and  test  wi l l  depend  on  the  mach ine  i t  i s  f i tted  to  
and  the  ri sk reducti on  provided  by the  protecti ve  equ ipment  bu t  i n  general  shou ld  not  be  
g reater  than  twelve  months,  un less  otherwise  s tated  in  l ocal  regu lations.  

The  resu l ts  of  the  i nspecti on  and  test  shal l  be  recorded  and  a copy of  th is  record  kept  by the  
user.  

The  person  carryi ng  ou t  the  i nspecti on  and  test  shal l  ensure  that  the  same general  s tandards  
of  performance  are  ach ieved  as  i n  the  i n i t i al  i nspecti on  and  test .  

The  peri od ic  i nspection  and  test  shal l  i ncl ude:  

a)  the  functional  tests  as  described  i n  7. 2 ;  

b)  check that  the  protecti ve  equ ipment i s  securel y moun ted  i n  the  posi t i on  determ ined  i n  
comm ission ing ;  

c)  i f  the  protecti ve  device  i s  used  as  a presence  sensing  device,  check that  i t  i s  not  poss ible  
for a  person  to  s tand  between  the  sens ing  f i e ld  of  protecti ve  equ ipment  (e. g .  l i gh t  curtai n )  
and  the  danger  zone;  

d)  check by measuremen t  that  the  overal l  stopping  performance  i s  wi th i n  the  l im i ts  speci f ied  
by the  i n tegrator;  

e)  a  check that  the  d istance  from  the  hazard  zone  to  the  sensing  f i e l d  of  the  protecti ve  
equ ipment  i s  the  same as  the  d is tance  s tated  by the  in tegrator/manufactu rer;  

NOTE  A d i fference  between  the  s tated  val ue  and  the  measured  val ue  i s  an  important  i nd i cator of  a  change  or  
mod i f i cati on  i n  the  mach ine  wh i ch  can  adversel y  affect  the  safeguard i ng  funct i on .  

f)  ensure  that  i t  i s  not  poss ible  for a  person  to  stand  between  the  protecti ve  equ ipmen t and  
the  danger zone  wi thout  bei ng  detected  un less  a restart  i n terlock i s  provided;  

g )  vi sual  check of  the  mach ine  primary con tro l  e l ements  (MPCE)  to  ensure  that  they are  
function ing  correctl y and  are  not  i n  need  of  main tenance  and/or replacemen t;  

h )  vi sual  check of  the  mach ine  to  ensure  that  there  are  no  o ther mechan ical  or  s tructu ral  
aspects  that  wou ld  preven t  the  mach ine  from  stopping  or assum ing  an  otherwise  safe  
cond i t i on  when  cal led  upon  by the  protecti ve  equ ipment  to  do  so;  

i )  visual  check of  the  mach ine  contro ls  and  connecti ons  to  the  protecti ve  equ ipment  to  
ensure  that  no  mod i fi cati ons  have  been  made  wh i ch  m igh t  adversel y affect  the  system ;  

j )  perform  the  appl ication  speci f i c  tests  as  described  i n  7. 5  where  appl icable.  

7.4  In i t ial  inspection  and  test  

The i n i t i al  i nspecti on  and  test  shal l  be  performed  by su i tabl y qual i f i ed  persons  who  possess,  
or  have  access  to,  al l  the  techn ical  i n formation  provided  by the  mach ine  and  protecti ve  
equ ipment  suppl i er.  

The  resu l ts  of  the  i n i t i al  i nspecti on  and  test  shal l  be  recorded,  and  copies  of  th is  record  shal l  
be  avai lable  to  the  user.  The  resu l ts  of  i nspecti on  and  test  fo l lowing  repai r  or  mod i fi cati on  
shal l  also  be  recorded  and  copies  shal l  be  avai lable  to  the  user.  The  resu l ts  shou ld  record  the  
name of  the  person  who  conducted  the  test  and  the  date.  

NOTE  1  The  record  can  be  on  paper or i n  an  appropri ate  e l ectron i c  format.  A personal  s i g natu re  i s  not  necessary.  

The persons  perform ing  the  inspecti on  and  test  shal l  ensure  that  the  fo l l owing  general  
standard  of  performance  i s  ach ieved:  
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a)  i t  shal l  not  be  poss ible  for the  dangerous  parts  of  the  mach ine  to  be  set  i n  operati on  wh i l e  
any part  of  a  person  i s  detected  by the  protecti ve  equ ipment;  and  

b)  actuation  of  the  protecti ve  equ ipment  during  a phase  of  the  operating  cycle  when  there  i s  
or  can  be  a ri sk shal l  resu l t  i n  the  mach ine  being  brough t  to  a  non-hazardous  state  before  
any part  of  any person  can  reach  a hazard .  I t  shal l  not  be  poss ible  for  the  hazardous 
operati on  to  recommence unt i l  the  protecti ve  equ ipment  has  been  complete l y restored  to  
i ts  normal  cond i t i on  and  the  mach ine  manual l y restarted .  

The  persons  carryi ng  ou t  the  inspecti on  and  test  shal l  also:  

c)  carry ou t  a  peri od ic  i nspecti on  and  tests  as  described  i n  7. 3 ;  

d )  check the  pos i t i on  of  the  protecti ve  equ ipment  (e. g .  l i gh t  curtai n )  to  ensure  that  i t  i s  set  at  
a  d i stance  from  the  hazard  zone  accord ing  to  4. 4. 2. 1  

e)  ensure  that  add i t i onal  safeguards  have  been  provided  where  necessary to  prevent  access  
to  the  hazard  zone  from  any d i recti on  not  safeguarded  by the  protecti ve  equ ipment;  

f)  measure  the  overal l  system  stopping  performance,  and  ensure  that  i t  i s  the  same as,  or  
l ess  than ,  the  overal l  system  stopping  performance  that  was  used  to  determ ine  the  
requ i red  pos i ti on  of  the  protecti ve  equ ipmen t;  

g )  ensure  by measurement that  i t  i s  not  poss ible  for a  person  to  stand  between  the  protecti ve  
equ ipment  and  the  danger  zone  wi thou t  be ing  detected,  un less  a  restart  i n terlock i s  
provided ;  

h )  veri fy that  the  protecti ve  equ ipment detecti on  capabi l i ty has  the  same value  as  that  used  
to  determ ine  the  requ i red  pos i t i on  of  the  protecti ve  equ ipmen t;  

i )  check that  the  protecti ve  equ ipment  suppl i ers  recommendations  regard ing  refl ecti ve  
surfaces  near  the  detecti on  zone  have  been  compl ied  wi th ;  

j )  i nspect  the  mach ine  con tro ls  and  connections  to  the  protecti ve  equ ipment  to  ensure  that  
the  mach ine  and  protecti ve  equ ipment  des igner’s  requ i rements  are  met;  

k)  check each  channel  of  a  two  channel  system  for correct  operation ;  

l )  check that  ad j ustments  of  the  protecti ve  equ ipment that  can  resu l t  i n  an  unsafe  cond i t i on  
requ i re  the  use  of  a  key,  keyword  or too l ;  

m )  check al l  fu ncti ons,  i ncl ud ing  the  operation  of  the  start  and  restart  i n terlocks  where  
speci f ied ,  are  operable;  

n )  check that  the  protecti ve  equ ipmen t i s  operati ve  i n  al l  re levant  modes  of  operation  of  the  
mach ine;  

o)  when  i t  i s  poss ible  to  deacti vate  the  protecti ve  equ ipment,  check that  the  hazardous  
mach ine  operati on  ceases  wi th i n  the  speci f i ed  overal l  response  t ime  when  deacti vated;  

p)  when  trans ien t  suppress ion  devices  (e . g . ,  RC,  d iode,  varistor)  are  used,  check that  they 
are  connected  i n  paral l el  wi th  the  l oad ;  

NOTE  2  A  bias i ng  d i ode  i ncreases  the  swi tch-off  t ime.  

q)  veri fy that  e l ectromechan ical  devices  i n  ou tpu t  c i rcu i ts  are  mon i tored  when  requ i red  by the  
des ign .  

7.5  Appl ication  speci fic  tests  

After each  confi guration  of  b lanking ,  the  effecti ve  detection  areas  shal l  be  veri f i ed  wi th  a test  
p iece  su i table  for  the  stated  detection  capabi l i ty.  

Check that  when  the  protecti ve  equ ipment i s  muted  the  mach inery operati on  i s  no  l onger 
hazardous  or safety i s  main tai ned  by other means.  (For example,  during  the  up-stroke 
(open ing )  of  a  power press. )  Check that  the  mute  i nd icator  (when  provided)  i s  i l l um inated  
when  the  protecti ve  equ ipment  has  been  muted .  

Test  the  muting  and/or b lanking  arrangements  ( i f  f i tted )  and  check that  they are  not  easy to  
man ipu late .  
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Check that  the  stopping  performance  mon i tor  (where  provided)  i s  i n  use  and  i s  set  up  and  
functi on ing  i n  the  manner  recommended  by the  suppl i er.  

Check that  i t  i s  not  poss ible  for a  person  to  stand  between  the  protecti ve  equ ipment  and  the  
danger  zone  wi thou t  being  detected  when  cycle  re i n i t iat ion  by the  AOPD is  used .  

Where  functions  such  as  mu ti ng ,  b lanking ,  and/or i n i t i ati on  of  cycl i c  operati on  are  provided,  
check that  safety i s  main tained  wh i l e  each  functi on  and ,  where  appl icable  thei r  combination ,  
i s  acti ve.  

8 Information  for safe use 

The i n teg rator  shal l  provide  al l  necessary i n formation  for  operation  and  main tenance.  

Th is  i n formation  shal l  at  l east  contain :  

a)  general  descript i on  of  the  protecti ve  equ ipmen t safety system ;  

b)  the  values  for  detecti on  capabi l i ty and  response  t ime  of  the  protecti ve  device,  when  d i ffer  
from  those  g i ven  on  the  type  plate  of  the  device;  

c)  i denti f ication  of  safety re lated  parts;  

d )  wi ri ng  schematics;  

NOTE  Th i s  requ i rement  i s  not  i n tended  to  i ncl ude  the  i n ternal  c i rcu i t  d i agram  of  the  protect i ve  equ i pment.  

e)  overview (block)  d iagrams;  

f)  where  re levan t,  i n formation  on  the  parameters  of  muting  systems,  for example  the  pos i t i on  
of  mu ti ng  sensors;  

g )  i nstructi ons  for  use,  i ncl ud ing  gu idance  for  peri od ic  i nspection  and  test;  

h )  i denti f ication  of  res idual  r i sks;  

i )  main tenance  i nstructi ons;  

j )  speci f i cation  of  the  procedures  that  shal l  be  used  to  perform  the  tests  described  i n  7 . 2  and  
7. 3;  

k)  envi ronmental  l im i ts ;  

l )  where  re levan t,  the  i n formation  for use  provided  by the  protecti ve  equ ipment 
manufacturer;  

m )  where  re levan t,  detai l s  of  add i t i onal  mechan ical  protection ,  for  example  protection  against  
overreach ing .  

n )  I n formation  that  the  person  conducti ng  the  peri od ic  i nspecti on  and  tests  shal l  have 
adequate  competance  



IEC 62046:201 8  © I EC  201 8  – 53  –  

Annex A 
( in formative)  

 
Appl ication  examples 

A.1  General  

The examples  herein  are  not  i n tended  to  be  the  on l y so lu t ions  to  a g i ven  appl ication  and  are  
not  i n tended  to  restrict  i nnovati on  or advancemen t  of  technology.  

The  examples  are  provided  on l y as  representati ve  solu ti ons  to  i l l us trate  some of  the  concepts  
of  appl ication  of  protecti ve  equ ipment,  and  have  been  s impl i f i ed  for clari ty,  so  they are  
i ncomplete.  The  f ig ures  i n  th is  annex  are  i l l ustrat i ve,  and  are  not  to  scale .  

A.2  Protective equipment  used  as  a  trip  device  

 

Figure A. 1  – Protective equ ipment   
used  as  a  trip  device  

Figu re  A. 1  g i ves  an  example  of  the  use  of  protecti ve  equ ipment  as  a  tri p  device.  I n  th is  
example,  the  detection  zone  i s  normal  to  the  d i rection  of  approach .  

Add i ti onal  mechan ical  protecti on  and  hei gh t  of  detecti on  zone  main tain  safety by preventing  
encroachment.  

IEC  
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A.3  Use of  protective equ ipment  as  a  combined  trip  and  presence sensing  
device  

A.3.1  Example  1  

 

Figure A.2  – Protective equ ipment  used  as  combined  trip  
and  presence sensing  device  – Example 1  

Figu re  A. 2  g i ves  an  example  of  the  use  of  protecti ve  equ ipment  as  a  combined  tri p  and  
presence  sensing  device.  I n  th is  example ,  the  detecti on  zone  i s  paral le l  to  the  d i rection  of  
approach .  

The  detection  capabi l i ty requ i red  depends  on  the  he ight  of  the  detection  zone  above  the  f loor.  

Add i ti onal  means  to  ensu re  safety can  be  requ i red  around  the  s ides  of  the  detecti on  zone.  

A.3.2  Example  2  

 

Figure A.3  – Protective equ ipment  used  as  a  combined  trip  
and  presence  sensing  device  – Example 2  

Figu re  A. 3  g i ves  an  example  of  the  use  of  protecti ve  equ ipment as  a combined  tri p  and  
presence  sensing  device.  I n  th is  example,  the  ang le  of  approach  i s  g reater  than  30°  to  
detecti on  zone.  

I f  H i s  300  mm  or g reater,  then  add i t ional  mechan ical  protection  wi l l  be  needed  to  prevent  
reach ing  under the  detecti on  zone.  

The  d imension  of  the  detection  zone  shal l  be  such  that  i t  i s  not  possible  to  reach  the  
hazardous  zone  from  the  top,  or  add i t ional  mechan ical  protection  shal l  be  used .  

IEC  

IEC  
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A.3.3  Example  3:  horizontal  AOPD 

 

Figure A.4  – Hori zontal  AOPD  

Figu re  A. 4  g i ves  an  example  of  a  mach ine  protected  wi th  an  AOPD ( l i gh t  cu rtain )  used  as  a  
combined  tr i p  and  presence  sensing  device.  

S  i s  the  m in imum  d is tance  (see  4. 4. 2. 1 ) ;  

A  i s  the  leng th  of  the  detecti on  zone;  

E  i s  the  d istance  from  the  detection  zone  to  the  mechan ical  g uard  or  the  mach ine  body.  
Th is  d istance  shou ld  be  su ff ic ien tl y smal l  to  preven t  reach ing  th rough  the  gap,  or  
s tand ing  between  the  detection  zone  and  the  hazardous  zone,  and  can  be  speci fi ed  i n  
mach ine  s tandards  ( "C"  s tandards) .  E shou ld  be  as  smal l  as  practicable,  general l y equal  
to  or  less  than  d;  

Z is  the  hazardous  zone.  

The  detection  zone  i s  paral le l  to  the  d i rection  of  approach .  The  detecti on  capabi l i ty d  requ i red  
depends  on  the  heigh t  H o f  the  detection  zone  above  the  f l oor (see  4 .4. 2. 3) .  I SO  1 3855  
speci f ies  that  the  hei gh t  of  the  detecti on  zone  i s  not  g reater  than  1 , 0  m .  

d ≤  H/1 5  +  50  

Depend ing  on  the  heigh t  of  the  detecti on  zone  from  the  f loor (H) ,  i t  can  be  poss ible  to  crawl  
underneath  the  detection  zone  and  make an  orthogonal  approach  to  the  hazardous  zone.  I n  
th is  case,  i t  i s  necessary to  se lect  an  AOPD wi th  a detection  capabi l i ty su ff ici ent  to  preven t  
reach ing  th rough  the  detecti on  zone  from  underneath .  Th is  requ i res  the  use  of  the  formu la 
from  ISO 1 3855  for orthogonal  approach .  

Add i ti onal  mechan ical  protection  i s  necessary where  i t  i s  poss ible  to  reach  around  the  
detecti on  zone.  

IEC  
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A.3.4  Example  4;  vert ical  AOPD 

 

Figure A.5  – Vertical  AOPD 

Figu re  A. 5  g i ves  an  example  of  a  mach ine  protected  wi th  an  AOPD ( l ig h t  curtai n )  used  as  
combined  tr ip  and  presence  sens ing  device.  The  detecti on  zone  i s  normal  to  the  d i recti on  of  
approach .  

S  i s  the  m in imum  d istance  (see  4. 4. 2. 1 ) ;  

A1  – A2  i s  the  hei gh t  of  the  detection  zone;  

B1  – B2  i s  the  hei gh t  of  the  hazardous  zone;  

E  i s  the  d istance  from  the  detecti on  zone  to  the  mechan ical  guard  or the  mach ine  
body;  

Z  i s  the  hazardous  zone.  

I n  th is  example,  E  i s  su ffi ci en tl y smal l  to  preven t  reach ing  under or  over the  detecti on  zone  or  
stand ing  between  the  detecti on  zone  and  the  hazardous  zone,  and  can  be  speci f i ed  i n  
mach ine  standards  ( "C"  s tandards) .  

When  E  cannot  be  su ff ic i en tl y smal l ,  ( for example  because  S  i s  too  g reat) ,  i t  i s  necessary to  
use  an  AOPD wi th  a  g reater hei ght  or  add i t ional  measures  to  preven t  reach ing  over or  under 
the  detecti on  zone,  or  s tand ing  between  the  detecti on  zone  and  the  mach ine.  

IEC  
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A.3.5  Example  5  

 

Figure A.6  – Increased  min imum d istance 

Figu re  A. 6  g i ves  an  example  of  a  mach ine  i n  wh ich  S  i s  g reater than  i n  F i gure  A. 5  and  
therefore  E  has  i ncreased.  The  heigh t  of  the  detecti on  zone  has  been  i ncreased  so  that  C1  
and  C2  are  su ffi c ien t  to  preven t  reach ing  over  or  under  the  detection  zone  (see  I SO  1 3857) .  

Where  E  i s  su ffi cien t  to  al low a person  to  stand  between  the  detecti on  zone  and  the  mach ine,  
add i t i onal  measures  such  as  a  pressure-sens i t i ve  mat,  mechan ical  obstacles  (see  
Fi gu re  A. 7) ,  or  an  add i ti onal  hori zon tal  AOPD (see  Figure  A. 4)  can  be  used  depend ing  on  the  
ri sk assessment.  

Add i ti onal  protecti ve  measures  ( for example  mechan ical  protection)  can  be  necessary to  
prevent  reach ing  around  the  detecti on  zone  (see  Figu re  A. 7) .  

IEC  
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Figure A.7  – Add i t ional  mechanical  protection  

A.4  Perimeter guarding  

 

Figure A.8  – Use  of  a  trip  device  

The example  shown  i n  F i gure  A. 8  uses  a  mu l t i p le-beam  l i g h t  beam  device  as  a trip  device.  A 
restart  i n terlock wh ich  i s  reset  by a de l i berate  human  acti on  i s  requ i red,  l ocated  ou ts i de  the  
hazardous  zone.  Add i t ional  measures  can  be  necessary when  i t  i s  not  poss ible  to  l ocate  the  
reset  actuator  i n  such  a  pos i t i on  that  the  en t i re  hazardous  zone  i s  vis i ble.  

The  m in imum  d istance  calcu lat ion  takes  i n to  account  the  fu rthest  extent  of  hazardous  
movement of  the  mach ine  and  the  s topping  performance  of  d i fferent  parts  of  the  mach ine.  

IEC  

IEC  
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Annex B  
( in formative)  

 
Addi tional  recommendations for the appl ication  of AOPDDRs 

B.1  General  

NOTE  The  f i g u res  i n  th i s  annex are  i l l us trat i ve,  and  are  not  to  scale.  

When  us ing  an  AOPDDR,  the  fo l l owing  po in ts  shou ld  be  taken  i n to  accoun t:  

a)  Hazards  shou ld  be  i denti f i ed  and  a r i sk assessment shou ld  be  carri ed  ou t  (see  
ISO 1 21 00) .  

b)  A check shou ld  be  made  as  to  whether the  AOPDDR is  an  appropriate  protecti ve  device  
for the  appl ication ,  taking  i n to  accoun t  exis ting  mach inery standards.  AOPDDRs as  
def ined  i n  I EC  61 496-3  are  not  su i table  for  f i nger  protecti on .  

c)  The  AOPDDR accompanying  documents  shou ld  be  checked  as  to  whether  the  appl ication  
requ i rements  can  be  fu l f i l l ed  (see  6 . 2) .  

– envi ronmental  cond i t ions  ( i ndoor/ou tdoor-use,  smoke,  rain ,  snow,  temperature,  e tc. ) ;  

– refl ecti vi ty of  objects  ( for example,  detecti on  of  objects  that  generate  m i rror- l ike  
refl ecti ons  i s  not  g uaran teed) ;  

– background  i n terference;  

– speed  of  movemen t of  objects  or  persons;  

– shadow zones  (shadow zones  occur beh ind  f ixed  objects.  Persons  wi th i n  a  shadow 
zone  cannot  be  detected  by an  AOPDDR) .  

d )  The  m in imum  d is tance  shou ld  be  calcu lated  i n  accordance  wi th  the  examples  g i ven  i n  th is  
annex and  the  AOPDDR accompanying  documen ts.  

e)  The  f i nal  i nstal lation  shou ld  be  checked  to  ascertain  that  access  to  a hazardous  zone  
wi thout  detection  by the  AOPDDR is  not  poss ible.  

Fi gu res  B. 1  and  B. 2  g i ve  an  overview of  the  posi t i on  of  the  maximum  detecti on  zone  and  i ts  
re lat ionsh ip  wi th  the  to lerance  zone.  For fu rther i n formation  on  how to  con fi gure  the  detecti on  
zone,  see  the  i nstruction  manual  of  the  AOPDDR.  



 – 60  – I EC 62046:201 8  © I EC  201 8  

 
Key 

b  zone  wi th  l im i ted  detect i on  capabi l i ty  (detect i on  not  assu red) .  The  val ue  of  b  i s  re lated  to  the  d i s tance  
measurement  accu racy of  the  devi ce.  

c  detect i on  zone  wi th i n  wh i ch  the  speci f i ed  test  p i ece(s)  i s  detected  by the  AOPDDR wi th  a  requ i red  m in imum  
probabi l i ty  of  detect i on .  

The  d imensi on  of  the  to l erance  zone  can  vary wi th  the  d i ameter of  the  test  p i ece  and  the  beam  posi t i on  (see   
F i gu re  B . 1 ,  "y" ) .  

The  detect i on  zone  ori g i n  i s  shown  i n  Fi g u re  B . 1  by a  cross .  

Figure B. 1  – Example of  the  use of  an  AOPDDR on  machinery 

IEC  

Tolerance  zone  
(detect i on  not  assured )  
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B.2  Example of  the use of  an  AOPDDR on  stationary machinery 

 

IEC 

Key 

1 .  mach inery  

2.  AOPDDR-2D  

3.  p l ane  of  the  detecti on  zone  

4.  hazard  

5.  detecti on  zone  

6.  to l erance  zone  

Figure B.2  – Example of  the  use of  an  AOPDDR  
on  stationary mach inery 

Calcu lat ion  of  the  m in imum  d istance  S  shou ld  be  i n  accordance  wi th  6. 3  of  I SO 1 3855:201 0,  
us ing  the  fo l lowing  formu la:  

S  = (K ×  T)  +  C  Cmin  =  850  mm  

S  =  (1  600  mm/s  ×  T)  +  ( 1  200  mm  – 0, 4  H)  Hmin  =  1 5  (d –  50  mm )  

T =  TAOPDDR +  TMACHINE  

When  conf iguri ng  the  detection  zone,  the  value  of  the  to lerance  zone  shou ld  be  added  to  the  
m in imum  d istance  S.  

The  value  of  a  shou ld  be  smal l  enough  to  ensure  that  a  person  cannot  approach  the  
hazardous  zone  or stay between  the  hazardous  zone  and  the  detection  zone  wi thou t  be ing  
detected .  Th is  can  requ i re  the  provis ion  of  add i ti onal  mechan ical  protecti on .  
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The  d iameter of  the  test  pi ece  shou ld  be  i n  accordance  wi th  the  formu la d  = H/1 5  +  50  mm  
(see  Formu la (8)  of  6 . 3  o f  ISO 1 3855:201 0) .  

B.3  Example of  the use of  an  AOPDDR on  an  automatic  gu ided  vehicle (AGV)  

 

IEC 

Key 

1 .  AGV 

2.  AOPDDR-2D  

3.  p l ane  of  the  detecti on  zone  

4.  detecti on  zone  

5.  to l erance  zone  

6.  add i t i on  to  the  detecti on  zone  

Figure B.3  – Example of  the  use of  an  AOPDDR on  an  AGV 

The determ ination  of  the  m in imum  d istance  S  shou ld  take  i n to  accoun t,  for  example,  the  
maximum  speed  of  the  AGV,  the  AOPDDR response  t ime  and  the  braking  d istance  of  the  
AGV.  

The  use  of  an  AOPDDR as  a protecti on  device  for AGVs  may requ i re  an  add i t i on  to  the  
detecti on  zone.  The  value  of  th is  add i t i on  shou ld  be  determ ined  by taking  i n to  account,  for  
example,  any overhang  of  parts  of  the  AGV,  the  load ,  or  the  AOPDDR,  the  speed  of  
movement  of  a  person  or reduced  eff iciency of  the  brakes.  When  sett ing  the  detecti on  zone,  
the  values  of  the  to lerance  zone  and  the  requ i red  add i t i on  to  the  detecti on  zone  shou ld  be  
added  to  the  m in imum  d i stance  S.  

The he ight  of  the  detecti on  plane,  H,  shou ld  be  as  near as  poss ible  to  the  f loor and  not  h i gher  
than  200  mm  (see  H of  F i gure  B. 3  and  EN  1 525) .  

I f  i t  i s  poss ible  for a  person  to  stand  between  the  front  of  the  AGV and  the  detection  zone  ( i . e .  
a  i n  F i gu re  B. 3  i s  g reater  than  50  mm ) ,  when  the  AGV is  at  rest,  then  other safety measures  
shou ld  be  provided  to  preven t  i n j u ry when  the  AGV s tarts .  
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B.4  AOPDDR used  for the detection  of  the  body or  parts  of  a  body wi th  
orthogonal  approach  

B.4.1  Detection  of  a  whole body 

AOPDDRs i n tended  for use  as  a whole-body tri p  device  wi th  orthogonal  approach  shal l  have  a  
stated  detection  capabi l i ty not  exceed ing  200  mm .  I f  the  reference  boundary i s  the  edge  of  the  
safeguarded  apertu re  as  shown  i n  F i gure  B.4,  the  to lerance  zone  shou ld  not  exceed  1 00  mm.  
I f  the  to lerance  zone  exceeds  1 00  mm ,  th is  part  exceed ing  1 00  mm  shal l  be  protected  by 
other means,  for  example  f i xed  guard ing ,  see  also  Fi gure  B. 5.  

NOTE  The  pu rpose  of  these  requ i rements  i s  to  ensu re  that  a  whole  body  cannot  i n trude  undetected  at  the  edge  of  
the  detect i on  zone.  

B.4.2  Detection  of  parts  of  the body 

When  the  AOPDDR i s  i n tended  for the  detecti on  of  parts  of  a  body i n  appl ications  where  the  

ang le  of  the  approach  exceeds  ±30°  to  the  detection  p lane,  the  AOPDDR shal l  mon i tor  a  
phys ical  boundary (referred  to  as  the  "reference  boundary" ) .  Reference  boundary mon i toring  
requ i res  a  comparison  of  the  reference  d istance  and  the  d istance  measured  by the  AOPDDR.  
The  reference  d is tance  i s  the  d istance  between  the  AOPDDR and  each  po in t  of  the  boundary 
( for example  a wal l )  conf i gured  at  the  f i rst  i nstal lat ion .  The  stated  detection  capabi l i ty shal l  be  
i n  the  range  from  30  mm  to  70  mm .  I f  the  reference  boundary i s  the  edge  of  the  safeguarded  
aperture  as  shown  i n  F i gure  B. 6,  the  to lerance  zone  shou ld  not  exceed  hal f  of  the  stated  
detecti on  capabi l i ty (see  also  d imens ion  a) .  I f  the  to lerance  zone  exceeds  hal f  of  the  stated  
detecti on  capabi l i ty,  th is  part  exceed ing  the  stated  detection  capabi l i ty shou ld  be  protected  by 
other means,  for  example  f i xed  g uard ing ,  see  also  F igure  B. 7.  

NOTE  The  purpose  of  these  requ i rements  i s  to  ensure  that  parts  of  a  body cannot  i n trude  undetected  at  the  edge  
of  the  detecti on  zone.  

I t  shal l  be  veri f ied  that  i s  not  poss ible  to  access  the  hazardous  zone  wi thout  bei ng  
con tinuous l y present  i n  the  detection  zone.  

B.5  Examples of  the use of  an  AOPDDR as a  whole-body trip  device  

 

Figure B.4  – Use  of  an  AOPDDR as a  whole-body  
trip  device – Example  1  

IEC  
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Fi gu re  B. 4  shows  the  use  of  an  AOPDDR as  a whole-body tr i p  device  where  the  reference  
boundary i s  the  edge  of  the  safeguarded  apertu re  and  the  to l erance  zone  does  not  exceed  
1 00  mm .  D imension  b  represents  a zone  that  i s  not  protected  due  to  the  phys ical  i ns tal l at i on ,  
so  safety shal l  be  assured  by o ther means,  for  example  add i ti onal  mechan ical  protection .  
D imension  a represen ts  the  to lerance  zone  and  i s  technology-dependent.  Consu l t  the 
manu factu rer's  i nstructi ons  for  use.  

 

Figure B.5  – Use  of  an  AOPDDR as a  whole-body  
trip  device – Example  2  

Figu re  B. 5  shows  the  use  of  an  AOPDDR as  a whole-body tr i p  device  where  the  reference  
boundary i s  beyond  the  edge  of  the  safeguarded  aperture  wi th in  a phys ical  barri er and  the  
to lerance  zone  exceeds  1 00  mm .  

I f  the  to lerance  zone  exceeds  1 00  mm  an  overlap  o  as  shown  i n  F i gure  B. 5  i s  necessary.  The  
d imens ion  of  o  shal l  be  calcu lated  as  fo l l ows:  

o  ≥  (2  ×  TZ)  – d  

where  

TZ  i s  the  value  of  the  to lerance  zone;  

d i s  the  stated  detection  capabi l i ty (d ≤  200  mm) .  

IEC  



I EC 62046:201 8  © I EC 201 8  – 65  –  

B.6  Examples for the use of  an  AOPDDR as parts  of  a  body trip  device  

 

Figure B.6  – Use  of  an  AOPDDR as parts  of  a   
body trip  device  – Example 1  

Figu re  B. 6  shows  the  use  of  an  AOPDDR as  parts  of  a  body tr i p  device  where  the  reference  
boundary i s  the  edge  of  the  safeguarded  apertu re  and  the  to lerance  zone  does  not  exceed  
hal f  of  the  s tated  detection  capabi l i ty.  

I t  i s  necessary that  the  value  of  a  i s  not  g reater  than  hal f  of  the  s tated  detection  capabi l i ty.  
D imens ion  b  represents  a  zone  i n  wh ich  there  i s  no  detection  due  to  the  phys ical  aspect  of  the  
i nstal l ation ,  so  safety shal l  be  assured  by other means,  for  example  add i t i onal  mechan ical  
protecti on .  

 

Figure B.7 – Use  of  an  AOPDDR as parts  of  a   
body trip  device  – Example 2  

Figu re  B. 7  shows  the  use  of  an  AOPDDR as  parts  of  a  body tri p  device  where  the  reference  
boundary i s  beyond  the  edge  of  the  safeguarded  aperture  wi th in  a phys ical  barri er and  the  
to lerance  zone  exceeds  hal f  of  the  s tated  detection  capabi l i ty.  

IEC  
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I f  the  to lerance  zone  exceeds  hal f  of  the  s tated  detection  capabi l i ty an  overlap o  as  shown  i n  
Fi gu re  B. 7  i s  necessary.  The  d imens ions  of  o  are  calcu lated  as  fo l l ows:  

o  ≥  (2  ×  TZ)  – d  

where  

TZ i s  the  value  of  the  to lerance  zone;  

d i s  the  stated  detecti on  capabi l i ty (30  mm  ≤  d  ≤  70  mm) .  
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Annex C  
( i n formative)   

 
Appl ication  example of a  vision  based  protective system  (VBPDST)  

The appl ication  example  (see  F i gure  C. 1 )  shows  a  robot  working  stati on .  The  en try of  persons  
i s  prevented  on  2  s i des  by wal ls  or  f i xed  guards  ( top  view) .  The  entry from  the  other 2  s ides  i s  
mon i tored  by a  VBPDST.  I f  a  person  enters  the  detection  zone,  the  robot  shal l  stop  i ts  
movement.  

The  safety d is tance  S0  shou ld  be  calcu lated  i n  accordance  wi th  the  examples  g i ven  i n  I EC  
TS  61 496-4-3:201 5,  Annex AA and  the  VBPDST accompanying  documents.  Furthermore,  the  
d istance  to  wal ls  (a)  the  d istance  to  the  f l oor (b)  and  the  hei gh t  of  the  detecti on  zone  (H)  
shou ld  be  calcu lated  i n  accordance  wi th  the  VBPDST accompanying  documents  and  the  r isk 
assessment.  

VBPDST cou ld  be  mounted  at  d i fferent  pos i t i ons.  S ide  vi ew 1  and  s i de  view 2  show two  
poss ible  so lu ti ons  and  the  shape  of  the  resu l t i ng  detection  zone  (4)  and  the  ad jacent  
to lerance  zone  (5) .  
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Key 

1   VBPDST pos i t i on  1  7  hazard  zone  

2  VBPDST pos i t i on  2  A  d i s tance  to  wal l s  

3   robot  b  d i s tance  to  the  f l oor  

4  detecti on  zone  So  Safety d i s tance  accord i ng  to  I EC TS  61 496-4-3:201 5,  Annex AA 

5  to l erance  zone  H heigh t  o f  detect i on  zone  over the  f l oor l evel  

6  d i rect i on  of  approach    

NOTE  D imensions  of  a  and  b  accord i ng  to  the  ri sk assessment.  

Figure C. 1  – Appl ication  example of  a  VBPDST 

IEC  
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Annex D  
( in formative)  

 
Examples for the configuration  of photoelectric  muting   

sensors when  used  to  al low access by materials  

D.1  General  

The fo l l owing  examples  are  based  on  the  assumptions  that:  

– photoelectric  sensors  are  used  to  i n i ti ate  and  term inate  muting ;  

– the  detecti on  zone  of  the  muting  sensors  i s  wi th in  30º  of  the  hori zon tal ;  

– the  detection  zone  of  the  mu ting  sensors  i s  at  a  he igh t  su i table  to  detect  a  person ’s  l eg (s) .  

These  examples  are  provided  to  i l l us trate  the  principles  of  muti ng  con fi gurati ons.  Other  
standards  (e . g .  I SO  1 3854)  and  mach ine-speci f i c  standards  (C  standards)  can  g i ve  speci fi c  
provis i ons  for  part icu lar appl ications.  

NOTE  1  The  f i gu res  i n  th i s  annex are  i l l us trati ve,  and  are  not  to  scale.  

The fol l owing  confi gu rations  of  the  number,  type,  arrangement and  con tro l  of  the  sensors  are  
cons idered  i n  th is  annex.  

Two  beams:   T  confi gu ration  (see  Figu re  D. 1 )  wi th  t im ing  contro l  of  the  sensors  (en try/exi t) .  

L  confi gu ration  (see  Fi gu re  D. 2)  wi th  t im ing  contro l  of  the  sensors  (exi t  on l y) .  

Four beams:  Paral l e l  beams (see  Figu re  D. 3)  wi th  t im ing  contro l  of  the  sensors  (en try/exi t) .  

Paral l e l  beams (see  Figu re  D. 3)  wi th  sequence  contro l  (en try/exi t) .  

NOTE  2  The  pri ncipl es  of  these  examples  can  be  appl i cable  to  other con fi g u rat i ons .  

 

Figure D. 1  – T  configuration  wi th  t iming  control  
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Figure D.2  – L  configuration  wi th  t iming  control  

 

Figure D.3  – Paral lel  beams wi th  t iming  or  sequence control  
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D.2  Four beams 

D.2.1  Four beams – Posi tion ing  of  the sensors  

 

Figure D.4  – Four paral l el  beams wi th  t im ing  control  

I n  order to  compl y wi th  5 . 7. 3 ,  the  arrangemen t shou ld  be  such  that  a  person  cannot  pass  
th rough  the  open ing  towards  the  hazardous  zone  wh i l e  the  system  i s  i n  the  mute  cond i ti on .  
For example,  d imensions  a  and  b  shou ld  be  such  that  a  person  cannot  en ter alongs ide  the  
material  be ing  transported.  Other d imens ions  do  not  guarantee  that  a  person  cannot  en ter  the  
hazardous  zone.  Care  i s  necessary to  avoid  crush ing  hazards  between  the  moving  material  
and  the  f i xed  parts  of  the  i nstal l ati on .  

The  muti ng  sensors  shou ld  be  i nstal led  su ffi c ien tl y c l ose  to  the  ESPE that  a  person  
attempti ng  to  en ter the  hazardous  zone  by preced ing  or fo l lowing  immediate l y the  pal l et  or  the  
transport  system  is  detected  (d1  and  d3  <  200  mm) .  

The  d istance  between  S3  and  S4 need  not  equal  d2  (see  Fi gure  D . 4) .  

The  d istance  between  S1  and  S4 shou ld  be  not  l ess  than  500  mm  in  order that  a  person 's  
body cannot  sustain  the  mu ting  functi on  (see  f i g u re  D. 5) .  When  th is  i s  not  practicable,  the  4  
paral l el  beam  configuration  i s  not  su i table.  Th is  can  be  veri f ied  by ensuri ng  that  a  vertical  
cyl i ndrical  object  wi th  a d iameter of  500  mm  cannot  sustain  the  muti ng  functi on  when  moved  
i n  any part  of  the  open ing  at  any speed  up  to  1 , 6  m /s.  

The  d is tance  between  any 2  mu ti ng  sensors  shou ld  be  su ffi c ient  so  that  they cannot  be  
actuated  s imu l taneous l y by a person 's  l eg  (d2  > 250  mm) .  

IEC  
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Figure D.5  – Posi tion ing  of  the muting  sensors  to  avoid   
muting  by a  person's  body (plan  view)  

The hei gh t  of  the  muting  sensors  from  the  plane  of  the  conveyor shou ld  be  such  as  to  detect  
the  load  be ing  conveyed ,  bu t  not  the  pal l et  or  the  transport  u n i t  (see  Figure  D. 6) .  When  th is  i s  
impractical ,  add i t ional  measures  can  be  necessary to  prevent  people  from  enteri ng  the  zone  
by c l imbing  on to  the  pal l et  or  the  transport  un i t .  

 

Figure D.6  – Posi tion ing  of  the muting  sensors  (side view)  

D.2.2  Four  beams – t im ing  control  

The mon i toring  of  the  mu ti ng  functi on  i s  based  on  time  l im i tat ion  between  the  actuati on  of  the  
sensors  S1  and  S2  and  between  the  actuation  of  sensors  S3  and  S4.  A maximum  time  l im i t  of  

IEC  
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4  s  i s  recommended.  The  muti ng  function  i s  i n i t i ated  by actuation  of  the  two  sensors  S1 ,  S2  
wi th in  the  t ime  l im i t  and  main tained  by the  two  sensors  S3,  S4;  th is  means  that  for a  certain  
t ime  al l  the  fou r sensors  are  acti vated .  The  muting  functi on  i s  term inated  when  S3  or S4  i s  
deactivated. (See  Figure  D. 7)  

 

Figure D.7 – Timing  d iagram:  four paral l el  beams  
wi th  t im ing  control  

I f  the  conveyor movement i s  reversed  when  the  mu ting  functi on  i s  acti ve,  as  soon  as  one  of  
the  sensors  S1  or  S2  i s  deactivated,  the  muting  function  i s  d isabled .  The  system  can  work in  
both  d i rections  (entry and  exi t) .  

Cross ing  the  beams  of  the  sensors  S1  and  S2,  or  S3  and  S4  (see  Figu re  D . 8) ,  i s  not  
recommended  because  the  muting  function  can  be  enabled  by any obj ect  that  passes  through  
the  po in t  where  the  l i gh t  beams of  the  two  sensors  cross .  

 

Figure D.8  – Four beams:  t im ing  control  and   
crossed  beams (not  recommended)  

D.2.3  Four beams – sequence  control  

The posi t ion i ng  of  the  sensors  i s  the  same as  the  four beams assembly wi th  t im ing  con tro l  
i l l us trated  i n  F igure  D. 9 .  The  i n i t i at i on  of  the  muti ng  functi on  depends  on  mon i tori ng  the  
correct  sequence  of  act i vati on  of  the  mu ti ng  sensors .  See  F igu re  D .9  and  Table  D. 1 .  For 
example,  i n  the  muted  cond i t i on ,  i f  S2  i s  deacti vated  before  S3  i s  acti vated,  muting  i s  
term inated .  
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Figure D.9  – Timing  d iagram:  four beams  
and  sequence control  

Table  D. 1  – Truth  table,  four  beams – sequence control  

SENSOR 1  SENSOR 2  SENSOR 3  SENSOR 4  ESPE STATUS  

0  0  0  0  ACTIVE  

1  0  0  0  ACTIVE  

1  1  0  0  MUTED  

1  1  1  0  MUTED  

1  1  1  1  MUTED  

0  1  1  1  MUTED  

0  0  1  1  MUTED  

0  0  0  1  ACTIVE  

0  0  0  0  ACTIVE  

 

Mon i tori ng  the  i n terruption  of  the  AOPD wi th in  the  sequence  can  provide  improved  res istance  
to  man ipu lati on  or  bypassing .  

D.2.4  Four beams wi th  addi t ional  swing ing  doors  

The open ings  between  the  pal l et  and  the  s i de  mechan ical  protections  shal l  be  such  that  a  
person  cannot  pass  undetected  th rough  these  open ings  for al l  the  t ime  the  pal let  i s  cross ing  
the  gate.  

To  avoid  the  r isk of  crush ing  or  shearing  between  the  moving  l oad  and  the  f ixed  parts  of  the  
i nstal l ation ,  a  m in imum  gap  of  500  mm  i s  recommended .  

For pal l ets  of  vari ous  d imensions  and  when  i t  i s  foreseen  that  the  d istances  each  s i de  of  the  
pal l et  (a  and  b)  can  be  g reater  than  200  mm ,  f lexible  swing  doors,  wi th  a  width  of  at  l east  
500  mm  and  e lectrical l y mon i tored,  can  be  requ i red  (see  Fi gure  D . 1 0  and  5. 7. 3) .  
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Figure D. 1 0  – Four beams wi th  add i tional  swing ing  doors  

D.2.5  Methods to  avoid  man ipu lation  of  the muting  function  

NOTE  Th i s  i s  not  an  exhausti ve  l i s t  o f  methods  to  avoi d  man ipu l at i on .  

A mon i tored  l im i tat ion  of  the  muting  functi on  to  a  predeterm ined  t ime  i s  recommended.  
Al ternati ve l y,  use  a  muti ng  enable  command  generated  by the  contro l  system  of  the  mach ine  
that  wi l l  on l y enable  the  mu ting  function  when  needed  by the  process .  F igure  D . 1 1  i l l us trates  
i n i t iat ion  of  a  muting  cond i t ion  by act i vation  of  sensors  S1  and  S2  when  the  mute  enable  
s i gnal  i s  presen t.  

 

Figure D. 1 1  – Tim ing  d iag ram  for  mute  enable  
signal  (mute enable  act ivated)  

Figu re  D. 1 2  shows  that  the  mu te  cond i t i on  i s  not  act i vated  when  the  mute  enable  s i gnal  i s  not  
present.  
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Figure D. 1 2  – Timing  d iag ram  for  mute  enable   
signal  (mute enable  not  activated)  

I n  some appl ications,  for  example  in  conveying  appl icati ons  where  material  f l ow is  not  l i nked  
to  the  muti ng  cycle,  i t  can  be  necessary for  the  mute  enable  s i gnal  to  be  present  for  l onger 
than  one  muting  cycle,  as  shown  i n  F igu re  D. 1 3.  

 

Figure D. 1 3  – Presence of  the mute enable  signal  during   
more  than  one mute  cycle  

I n  order to  avoid  man ipu lation  of  the  mu ti ng  function  by,  for  example,  usi ng  a p iece  of  
cardboard  wi th  the  same leng th  as  the  material  be ing  transported,  i t  i s  recommended  to  use  
proxim i ty muti ng  sensors  wi th  background  e l im inati on  and  to  i nstal l  them  on  al ternate  s i des  of  
the  transport  system ’s  track so  that  i t  i s  not  possible  to  act i vate  two  consecuti ve  sensors.  See  
Fi gu re  D . 1 4  and  F igure  D . 1 5.  
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Figure D. 1 4  – Avoidance of  man ipu lation  of  the   
muting  function  (plan  view)  

 

Figure D. 1 5  – Avoidance of  man ipu lation  of  the   
muting  function  (fron t  view)  

D.2.6  Connection  of  the sensors  to  a  two  input  muting  control  

When  the  fou r sensors  are  connected  to  a two  i npu t  muting  contro l  (see  Fi gure  D. 1 6)  a  
mon i tored  t imer that  l im i ts  the  mu ting  function  to  a predeterm ined  t ime  i s  requ i red  i n  add i t i on  
to  the  mon i tored  t im ing  between  the  actuati on  o f  the  sensors  S1  and  S2  and  between  the  
actuation  of  sensors  S3  and  S4  (see  D .2 .8) .  
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(a)  (b)  

Figure D. 1 6  – Connection  of  the muting  sensors  

Confi guration  (a)  of  Fi gure  D . 1 6  i s  preferred  because  i t  requ i res  the  actuati on  of  al l  the  
sensors  for a  defi ned  time.  Confi gu ration  (b)  shou ld  not  be  used  because  i t  wi l l  fai l  the  
veri f i cati on  i n  D . 2. 1  s i nce  S2  and  S3  wi l l  be  act i vated  concurren tl y (see  Fi gure  D . 5) .  

D.2.7  Two sensors  – posi t ion ing  of  the  sensors  

The  cross ing  po in t  of  the  two  l i gh t  beams  shou ld  be  s i tuated  beh ind  the  sens ing  f i e ld  of  the  
ESPE i n  the  d i rection  o f  the  hazard  as  shown  i n  F i gu re  D . 1 7.  The  d is tance  d5  measured  
between  the  optical  axis  of  the  ESPE and  the  in tersecti on  po in t  of  the  two  l i g h t  beams of  the  
muting  sensors  shou ld  be  as  short  as  practicable  i n  order to  avoid  persons  en teri ng  the  
hazardous  zone  wi thou t  be ing  detected  by fo l l owing  immediate l y after  the  pal l et  or  the  
transport  system .  I t  i s  recommended  that  d i s tance  d5 be  l ess  than  or equal  to  200  mm .  

 

Figure D. 1 7 – Two sensors – Crossed  beams 

The open ings  a  and  b  between  the  edge  of  the  fence  and  the  edge  of  the  pal l et  ( i n  the  
pos i t ion  where  muting  i s  s tarted  to  al l ow exi t  of  material  or  i n  the  pos i ti on  where  muti ng  i s  
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ended  to  al l ow en try of  material )  shou ld  be  such  that  a  person  cannot  pass  undetected  
th rough  these  open ings  during  the  t ime  the  pal l et  i s  cross ing  the  muti ng  area.  

 

Figure D. 1 8 – Two sensors – Crossed  beams 
(risk of  entering  the hazardous zone wi thout  detection  when  x  >200  mm)  

The open ing  between  the  edge  of  the  fence  and  the  edge  of  the  pal let  shal l  be  such  that  a  
person  cannot  pass  undetected  th rough  these  open ings  during  the  t ime  the  pal let  i s  crossing  
the  muti ng  area.  I n  the  configu ration  shown  i n  Fi gu re  D . 1 8,  i t  i s  recommended  that  th is  
d istance  x  i s  l ess  than  200  mm .  

The  pos i t i on i ng  of  the  sensors  (d istances  d1  and  d2  between  the  two  sensors  and  detecti on  
zone  of  the  ESPE,  see  Figu re  D . 1 9  and  D. 20)  shal l  be  such  that  a  cyl i ndrical  obj ect  wi th  a 
d iameter of  500  mm  wi th  i ts  axis  paral le l  to  the  protected  area cannot  act i vate  the  mu ting  
function  when  moved  i n  any po in t  of  the  gate  at  any speed  up to  1 , 6  m /s.  

EXAMPLE:  I f  d1  =  200  mm ,  d2  =  300  mm ,  the  requ i rement  i s  sati s fi ed  for a  d imensi on  L  (see  F i g ure  D . 1 9)  b i gger  

than  1  000  mm .  I n  th i s  case  d5  =  50  mm.  
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Figure D. 1 9  – Posi tion ing  of  the muting  sensors  

The  500  mm  test  obj ect  i s  detected  by the  ESPE before  breaking  the  beams of  the  muting  
sensors  (see  F igure  D. 1 9) .  

 

Figure D.20  – Detection  of  the  test  object  

The 500  mm  test  obj ect  i s  detected  by one  muti ng  sensor and  then  by the  ESPE before  be ing  
detected  by the  second  muting  sensor,  therefore  muting  i s  not  i n i t i ated  because  the  sequence  
of  acti vation  i s  not  correct  (see  Fi gure  D .20) .  
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D.2.8  Two sensors  – t iming  control  

The muting  functi on  shou ld  on l y be  i n i t i ated  when  the  two  beams are  acti vated  wi th i n  a t ime  
l im i t  that  i s  se lected  to  su i t  the  appl icati on ,  bu t  not  exceed ing  4  s .  I f  a  t ime  l im i t  g reater than  
4  s  i s  necessary,  a  d i fferen t  confi guration  shou ld  be  used,  for  example  4  sensors .  

The  muting  function  shou ld  be  term inated  as  soon  as  one  of  the  two  beams  of  the  muti ng  
sensors  i s  no  l onger  acti vated .  (See  Fi gure  D. 21 ) .  

 

Figure D.21  – Tim ing  d iag ram  for  two  crossed  beams  
(normal  operation)  

A t imer that  l im i ts  the  du rati on  of  mu ti ng  to  the  m in imum  time  su ffi c ien t  for  the  i n tended  object  
to  travel  th rough  the  muting  area,  ( for example  a  pal let) . .  I f  the  set  t ime  i s  exceeded  then  the  
muted  cond i t i on  shal l  be  term inated  (See  Figure  D .22) .  

 

Figure D.22  – Timing  d iag ram  for  two   
crossed  beams (timeout)  

I f  an  accumu lation  of  two  or more  undetected  fau l ts  occurs ,  the  muti ng  functi on  can  be  
permanentl y act i ve.  I n  appl ications  where  i t  i s  not  poss ible  to  d i fferen tiate  between  a  
permanent  muted  cond i t i on  caused  by an  accumu lati on  of  fau l ts  and  a  muted  cond i t ion  
caused  by a  pal let  remain ing  i n  the  muting  area,  the  two  crossed  beam  conf igurati on  i s  not  
adequate  and  an  al ternati ve  so lu ti on  or add i t i onal  measures  to  detect  fau l ts  ( for example,  
mon i toring  of  s ignals  from  the  transport  system  to  determ ine  i f  a pal let  i s  i n  the  detecti on  
zone)  shou ld  be  provided .  
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D.2.9  Two muting  sensor beams in  combination  wi th  swing ing  doors  

The open ings  between  the  pal l et  and  the  s i de  mechan ical  protections  shal l  be  such  that  a  
person  cannot  pass  undetected  th rough  these  open ings  du ring  the  time  the  pal l et  i s  crossing  
the  muting  area.  

For pal l ets  of  vari ous  d imensions  and  when  i t  i s  foreseen  that  the  d istances  each  s i de  of  the  
pal l et  (a  and  b)  can  be  g reater than  200  mm ,  electrical l y i n terlocked  f l exible  swing  doors  wi th  
a wid th  of  at  l east  500  mm  can  be  requ i red  (see  F igure  D. 23  and  5. 7. 3) .  

 

Figure D.23  – Sing le  swing ing  doors in  combination  wi th  a   
two-beam  muting  system  (correct  posi t ion)  

Figu re  D. 24  shows  an  i ncorrect  appl icati on ,  i n  wh ich  the  swing ing  doors  are  too  far from  the  
detection  zone,  and  access  to  the  hazardous  zone  i s  poss ible  by reach ing  i n  beh ind  the  pal let  
as  shown  by the  dotted  arrows.  
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Figure D.24  – Reaching  hazardous zone beh ind  the pal let   
( incorrect  posi tion  of  swing ing  doors)  

Figu re  D. 25  shows  an  i ncorrect  appl icati on ,  i n  wh ich  the  swing ing  doors  are  too  far from  the  
detection  zone,  and  access  to  the  hazardous  zone  i s  poss ible  by reach ing  i n  fron t  of  the  pal let  
as  shown  by the  dotted  arrows.  
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Figure D.25  – Reach ing  hazardous zone i n  front  of  pal l et   
( incorrect  posi tion  of  swing ing  doors)  

D.2. 1 0  Height  of  the crossing  point  of  the muting  sensor beams 

The cross ing  poin t  of  the  two  muting  sensor beams  shou ld  be  pos i t ioned  at  the  same l evel  as ,  
or  h i gher than ,  the  lowest  beam  of  the  ESPE to  avoid  man ipu lat ion  of  the  system  wi th  the  toe.  
See  Fi gure  D. 26  and  F igure  D . 27.  
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Figure D.26 – Height  of  crossing  point  

  

a)  b)  

Figure D.27 – In terruption  of  the beam  by foot  

I f  d7  ≥  0 ,  the  l owest  beam  of  the  ESPE wi l l  be  i n terrupted  before  the  muti ng  sensor  beams.  

D.3  Two paral lel  muting  sensor beams – exi t  only 

This  system  can  be  used  to  al l ow materials  to  exi t  from  the  hazardous  area wh i l e  preventing  
undetected  entry.  
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The  two  muting  sensor beams  are  s i tuated  beh ind  the  ESPE i n  the  hazardous  zone  (see  
Figu re  D .28) .  

The  mu ti ng  functi on  shou ld  on l y be  i n i t i ated  when  the  two  beams  are  act i vated  wi th i n  a preset 
t ime  to  be  determ ined  by the  appl ication .  

Term inati on  of  the  muting  function  occurs  as  soon  as  the  ESPE is  deacti vated  or wi th i n  4  s  
from  the  t ime  when  one  of  the  two  beams  of  the  muting  sensors  i s  no  longer acti vated ,  
wh ichever  occurs  f i rs t.  The  4  s  t ime  l im i t  i s  mon i tored .  

Where  the  term ination  of  the  mu ting  functi on  i s  performed  on l y by the  4  s  t imer,  an  add i t i onal  
d istance  d8  shou ld  be  cons idered  for the  mechan ical  protection  to  avoid  access  by a person  
through  the  muting  area when  the  system  i s  s ti l l  i n  the  mu te  cond i t i on .  

d8 =  max.  speed  of  the  pal let  ×  4  s  – 200  mm  

 

Figure D.28 – Two muting  sensor beams – exi t  on ly  

 

Figure D.29  – Timing  d iag ram;  two muting  sensor beams –  
exi t  on ly,  muting  terminated  by the ESPE  
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I n  F igure  D . 29,  the  muti ng  function  i s  term inated  when  the  detection  zone  of  the  ESPE i s  
cl ear  ( the  4  s  t imer has  not  expi red) .  

 

Figure D.30  – Timing  d iag ram;  two muting  sensor beams –  
exi t  on ly,  muting  terminated  by the 4  s  t imer  

I n  F igure  D. 30 ,  the  muti ng  functi on  i s  term inated  by the  4  s  t imer because  when  i t  expi res,  the  
detection  zone  of  the  ESPE remains  i n terrupted.  

 

Figure D.31  – Timing  d iag ram,  muting  terminated   
by the  muting  t imeout  

I n  F igure  D. 31 ,  the  muting  cycle  i s  term inated  by the  muting  t imeout.  
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D.4  Protection  of  conveyor systems working  in  a  coordinated  manner 

When  muti ng  systems  are  used  for protection  from  the  ri sk of  en teri ng  a production  l i ne  
i ncorporating  several  conveyor systems,  carefu l  atten ti on  shou ld  be  paid  to  the  selecti on  of  
the  appropriate  mu ti ng  configu ration  of  the  sensors.  

The  fol l owing  example  shows  a producti on  l i ne  i ncorporati ng  two  mach ines:  conveyor 1  and  
conveyor 2.  The  pal lets  move  from  hazardous  zone  associated  wi th  conveyor  1  to  hazardous  
zone  associated  wi th  conveyor 2  (see  Fi gu re  D . 32) .  The  muti ng  system  M1  al l ows  the  pal l ets  
to  pass  from  conveyor 1  to  conveyor  2 .  I f  the  operator  opens  the  door DB,  the  hazardous  
zone  associated  wi th  conveyor 2  i s  made  safe  wh i l e  the  hazardous  zone  associated  wi th  
conveyor 1 i s  not  affected.  The  muting  system  M1  wi l l  protect  the  operator from  en tering  the  
hazardous  zone  associated  wi th  conveyor 1 .  I f  the  operator opens  the  door DA,  the  hazardous  
zone  associated  wi th  conveyor 1  i s  made  safe  and  the  hazardous  zone  associated  wi th  
conveyor 2  i s  not  affected  bu t  i n  th is  case  the  muting  system  M1  does  not  g i ve  any protection  
to  the  operator i f  he  tr i es  to  en ter the  hazardous  zone  associated  wi th  conveyor 2  because  the  
cross ing  po in t  of  the  two  mu ting  sensors  in  th is  case  i s  pos i t ioned  on  the  operator’s  s i de.  The  
two  beams  T  type  muting  assembly i s  not  su i table  for th is  appl icati on ,  a  four beams wi th  
t im ing  con tro l  or  sequence  contro l  i s  necessary (see  Fi gure  D .33) .  

 

Figure D.32  – Production  l ine incorporating   
two  conveyors (2  hazardous  zones)  ( incorrect  appl ication)  
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Figure D.33  – Production  l ine incorporating  two conyeyors(2  hazardous zones)  
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