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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
REED SWITCHES –  

 
Part 3:  Rel iabi l i ty data for reed  switch-devices   

in  typical  safety appl ications  
 

FOREWORD 

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

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

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

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

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

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

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

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

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

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

I EC TR 62246-3,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by I EC techn ical  comm ittee  
94:  Al l -or-noth ing  e lectrical  re lays.  

The  text of th is  Techn ical  Report i s  based  on  the  fol l owing  documents:  

Draft  TR Report  on  voti ng  

94/425/DTR 94/429/RVDTR 

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  Techn ical  Report can  be  found  i n  the  
report on  voting  ind icated  i n  the  above tab le .  
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Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/I EC D irecti ves,  Part 2 .  

A l i s t  of a l l  parts  i n  the  I EC 62246  series ,  publ ished  under the  general  t i t l e  Reed switches,  can  
be  found  on  the  I EC websi te .  

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

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

 

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

This  Techn ical  Report:  

– provides  re l iabi l i ty data  for reed  swi tch-devices  appl ied  to  mach inery systems  and  a lso  
E/E/PE  systems;  

– selects  typical  safety appl ications  for reed  swi tch-devices  accord ing  to  the  requ i rements  
from  typica l  group  safety standards;  

– se lects  references,  terms and  defin i tions  for mach inery systems,  E/E/PE  systems  and  reed  
swi tch-devices,  l i fecycle  activi ti es,  safety in tegri ty and  performance l evel ,  fa i l u res  and  
safety measures  for the  reed  swi tch-devices  from  typica l  group safety s tandards ;  

– addresses  a  way to  share  the  responsibi l i ty on  the  componen ts  i n  the  l i fe  cycle  phases;  

– addresses  the  appl ication  of I EC 62246  (a l l  parts) ;  

– cons iders  the  re lation  between  safety requ i rements  for the  system  from  industrial  
standards  and  bas ic  safety measures  for the  reed  swi tch-devices  of a  s i ng le  E/E/PE  
safety-related  system  and  for two  E/E/PE  safety-related  systems operati ng  i n :  

•  a  l ow demand  mode  of operation ,  

•  a  h igh  demand  or continuous  mode of operation .  

– considers  usage  cond i tions  at  the  end-user s i de:  

•  environmental  cond i tions  for reed  swi tches ’  use;  

•  proof test period ;   

•  preventive  main tenance.  

– cons iders  usage  cond i tions  at  the  E/E/PE  system  manufacturer s ide:  

•  swi tch ing  l oad ;  

•  fa i l u re  mode;  

•  d iagnostic coverage for reed  swi tch-devices.   

– considers  usage  cond i tions  at  the  component manufacturer s i de:  

– cons iders  how to  evaluate  the  risk of the  reed  swi tch-devices  fau l t  occurrence based  on  
the  requ i rements  from  I SO  1 3849  (a l l  parts) ,  I EC  62061  and  I EC  61 508  (al l  parts) :  

– addresses  a  way to  ca lcu late  re l i ab i l i ty data  of the  reed  swi tch-devices  based  on  the  
requ i rements  from  I SO  1 3849  (a l l  parts) ,  I EC  62061  and  I EC  61 508  (a l l  parts)  

– anal yses  dangerous  fa i lu re  rates,  B1 0D  va lues  of the  reed  swi tch-devices  accord ing  to  the  
swi tch ing  l oads;  

– ca lcu lates  dangerous  fai l u re  rates  of the  reed  swi tch-devices  based  on  usage  rate  per 
year;  

– cons iders  l ong-term  fi e ld  demonstration  tests  and  operati ng  experiences  of the  systems.  
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REED SWITCHES –  
 

Part 3:  Rel iabi l i ty data for reed  switch-devices   
in  typical  safety appl ications  

 
 
 

1  Scope 

This  part of I EC  62246,  wh ich  is  a  Techn ica l  Report,  provides  bas ic techn ica l  background  and  
experience  about  re l iabi l i ty data  for reed  swi tch-devices  appl ied  to  mach inery systems  as  wel l  
as  E/E/PE  safety-re lated  con trol  systems  during  the  l i fe  cycle  phases  i n  general  and  industria l  
safety appl ications.  

The  document se lects  typica l  safety appl ications  from  group  safety standards,  and  i ncludes  
national  safety standards  and  regu lations  accord ing l y.  Th is  document shows  major rel i ab i l i ty 
aspects  for a  proper des ign  accord ing  to  the  standards,  bu t  i t  does  not cover a l l  d eta i ls  of an  
i nd ividual  design .  The  responsibi l i ty for the  veri fication  of system  design  remains  wi th  the  
system  in tegrator/manufacturer.  

2  Normative references  

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

I EC 61 508  (a l l  parts),  Functional safety of electrical/electronic/programmable  electronic 
safety-related systems  

I EC 62061 : 2005,  Safety of machinery – Functional safety of safety-related electrical,  
electronic and programmable electronic control systems   
I EC  62061 : 2005/AMD1 : 201 2  
IEC 62061 : 2005/AMD2: 201 5  

IEC 62246-1 -1 : 201 8,  Reed switches – Part 1 -1 :  Generic specification – Blank detail 
specification 

ISO 1 3849  (a l l  parts) ,  Safety of machinery – Safety-related parts of control systems  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g i ven  i n  I SO  1 3849  (al l  parts),  
I EC 62061 ,  I EC 61 508  (a l l  parts) ,  and  the  fol lowing  appl y.  

I SO  and  I EC main ta in  term inolog ical  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  

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

•  I SO  On l ine  browsing  p latform :  avai lable  at h ttp: //www. iso.org/obp  
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3. 1  Fai lu re  of systems  

3. 1 . 1   
average  probabi l i ty of fai lu re  on  demand  
PFDavg  
mean  unavai labi l i ty (see  I EC  60050-1 91 )  of an  E/E/PE  safety-related  system  to  perform  the  
speci fic safety function  when  a  demand  occurs  from  the  EUC or EUC con trol  system  

Note  1  to  en try:  The  mean  u navai l abi l i ty over a  g i ven  time  i n terval  [t1 ,  t2 ]  i s  general l y noted  by U  (t1 ,  t2) .  

Note  2  to  en try:  Two ki nd  of fa i l u res  con tri bu te  to  PFD  and  PFD
avg

:  the  dangerous undetected failures  that  have  
occurred  s i nce  the  l ast  proof test  and  genu ine  on demand failures  caused  by the  demands  (proof tests  and  safety 
demands)  themselves.  The  fi rst  one  i s  time dependent  and  characteri zed  by thei r dangerous  fa i l u re  rate  λ

DU
 ( t)  

wh i l st  the  second  one  i s  dependent on l y on  the  number of demands  and  i s  characteri zed  by a  probability of failure  
per demand  (denoted  by γ) .    

Note  3  to  en try:  As  genu i ne  on-demand  fa i l u res  cannot  be  detected  by tests ,  i t  i s  necessary to  i d en ti fy them  and  
take  them  i n to  cons iderati on  when  calcu lati ng  the  target  fa i l u re  measures.  

[SOURCE:  I EC 61 508-4 :201 0,  3 . 6 . 1 8]  

3. 1 .2   
probabi l i ty of dangerous  fai lu re  per hour 
PFH  
average  probabi l i ty of dangerous  fai l u re  per hour i n  a  safety-related  control  system  or 
subsystem  

[SOURCE:  I EC 61 508-4 :201 0,  3. 6. 1 9,  mod i fied  – Replacement of "of an  E/E/PE  safety 
re lated  system  to  perform  the  speci fied  safety function  over a  g iven  period  of t ime"  by "  per 
hour i n  a  safety-re lated  con trol  system  or subsystem"  and  deletion  of the  notes  to  en try. ]  

3.2  Confirmation  of safety measures  for reed  swi tch-devices  

3.2. 1   
proof test period  
period ic test  performed  to  detect  fa i l u res  i n  a  reed  swi tch-device  so  that,  i f necessary,  the  
reed  swi tch-device  can  be  restored  to  an  “as  new”  cond i tion  or as  close  as  practica l  to  th is  
cond i ti on  

Note  1  to  en try:  The  effecti veness  of the  proof test  wi l l  be  dependent upon  how close  to  the  “as  new”  cond i ti on  
the  system  i s  restored .  For the  proof test  to  be  fu l l y effecti ve,  i t  wi l l  be  necessary to  detect 1 00  %  of a l l  dangerous  
fa i l u res.  Al though  i n  practi ce  1 00  %  i s  not  eas i l y ach ieved  for other than  l ow-complexi ty  E/E/PE  safety-related  
systems,  th i s  i s  the  target.  As  a  m in imum ,  a l l  the  safety functions  wh ich  are  execu ted  are  checked  accord i ng  to  the  
E/E/PE  safety requ i rements  speci fi cation .  I f separate  channels  are  used ,  these  tests  are  done  for each  channel  
separatel y.  

Note  2  to  en try:  The  proof test  i s  not  a lways  usabl e.  For example,  for reed  re l ays  i n  E /E/PE  systems,  functional  
operati ng  characteri sti cs  are  confi rmed  accord i ng  to  the  period ic  proof tests  by end -users.  

[SOURCE:  I EC 61 508-4 :201 0,  3 . 8. 5,  mod i fied  – The  term  "proof test"  has  been  replaced  by 
"proof test period "  and  the  enti re  defin i tion  and  notes  to  entry have  been  redrafted . ]  

3.2.2   
d iagnostic  coverage  
DC  
fraction  of dangerous  fai l u res  detected  by au tomatic on- l i ne  d iagnostic tests  

Note  1  to  en try:  The  fraction  of dangerous  fa i l u res  i s  computed  by us ing  the  dangerous  fai l u re  rate  associated  
wi th  the  detected  dangerous  fa i l u res  d i vi ded  by the  tota l  rate  of dangerous  fa i l u res  

Note  2  to  en try:  The  val ue  of DC i s  g i ven  i n  fou r l evel s  (see  Table  1 ) .  

Provided by IHS Markit under l icense with  IEC



 – 1 0  – I EC TR 62246-3: 201 8  © I EC  201 8  

Table  1  – Diagnostic coverage (DC)  

DC  

Denotation  Range  

None  DC <  60  %  

Low 60  %  ≤  DC  <  90  %  

Med ium  90  %  ≤  DC  <  99  %  

H igh  99  %  ≤  DC  

NOTE  The  choice  of the  DC ranges  i s  based  on  the  key val ues  60  % ,  90  %  and  99  %  al so  establ i shed  i n  other 
standards  (e. g .  I EC 61 508  (a l l  parts))  deal i ng  wi th  d i agnosti c  coverage  of tests.  I nvesti gations  show that  (1  –  
DC)  rather than  DC i tsel f i s  a  characteri sti cs  measure  for the  effecti veness  of the  test.  ( 1  – DC)  for the  key 
val ues  60  % ,  90  %  and  99  %  forms  a  ki nd  of l ogari thm ic scale  fi tti ng  to  the  l ogari thm ic PL-scale.  A DC-value  
l ess  than  60  %  has  on l y s l i gh t  effect  on  the  rel i abi l i ty of the  tested  system  and  i s  therefore  cal l ed  “none”.  A 
DC-value  greater than  99  %  for complex systems  i s  very hard  to  ach i eve.  To  be  practi cable,  the  number of 
ranges  was  restri cted  to  fou r.  The  i n d icated  borders  of th i s  table  are  assumed  wi th i n  an  accuracy of 5  % .  

 

[SOURCE:  I SO1 3849-1 : 201 5,  4 . 5. 3]  

3.2.3   
proven  in  use  
demonstration ,  based  on  an  anal ys is  of operational  experience  for a  speci fic configuration  of 
an  e lement,  that the  l ike l ihood  of dangerous  systematic fau l ts  i s  l ow enough  so  that every 
safety function  that uses  the  e lement ach ieves  i ts  requ i red  safety i n tegri ty l evel  

Note  1  to  en try:  F ie l d  experi ence  i s  one  of the  techn i ques  and  measu res  to  avoid  fau l ts  du ri ng  E /E/PE  system  
i n teg rati on  and  E/E/PE  system  safety val i dati on .  F iel d  experi ence  i s  referred  to  as  “effecti veness  l ow”  i n  case  of a)  
and  “effecti veness  h i gh ”  i n  case  of b)  respecti ve ly:  

a)  Wi th  no  serious  fai l u re  i n  terms  of experience  for at  l east  one  year,  over at  l east  ten  p ieces  of equ ipment  
wi th  an  operati ng  time  of 1 0  000  h ,  and  d i fferent  fi e l ds  of use,  95  %  of s tati s ti cal  correctness,  and  safety;  

b)  Detai l ed  documentation  of a l l  changes  ( i ncl ud ing  m inor changes)  u nder experi ence  for at  l east  two  years ,  
over at  l east  ten  pieces  of equ i pment wi th  an  operati ng  time  of 1 0  m i l l i on  hours ,  and  d i fferen t fi e l ds  of use,  
99, 9  %  of s tati s ti cal  correctness,  and  past  operation .  

Note  2  to  en try:  "proven  i n  u se"  i s  not  a lways  usabl e.  For example,  app l i cations  referred  to  i n  I EC 61 508  (a l l  
parts)  are  confi rmed  based  on  fi e l d  feedback data.  

[SOURCE:  I EC 61 508-4 :201 0,  3 . 8 . 1 8,  mod i fied  – Add i ti on  of the  notes  to  en try. ]  

3.2.4   
common  cause fai lu re  
CCF  
fai l ures  of d i fferen t i tems,  resu l ti ng  from  a  s i ng le  even t,  where  these  fa i l u res  are  not 
consequences  of each  other 

Note  1  to  en try:  Common  cause  fa i l u res  shou ld  not  be  confused  wi th  common  mode  fai l u res  (see  
I SO 1 21 00-1 : 2003,  3 . 34).  

3.3  Rel iabi l i ty data of reed  switch-devices  

3.3. 1  
dangerous  fai lu re  
fai l ure  of e l emen t and /or subsystem  and/or system  that  p lays  a  part  in  implementing  the  
safety function  that:  

a)  prevents  a  safety function  from  operating  when  requ i red  (demand  mode)  or causes  a  
safety function  to  fa i l  (conti nuous  mode) ;  or 

b)  decreases  the  probabi l i ty that the  safety function  operates  correctl y when  requ ired  
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Note  1  to  en try:  For reed  swi tch-devices,  i t  means  OFF  fa i l u re  (fa i l u re  to  open )  i n  h i gh  demand  mode  of operation  
or con ti nuous  mode  of operation  and  ON  fai l u re  (fa i l u re  to  cl ose)  i n  l ow demand  mode  of operati on .  

Note  2  to  en try:  For reed  swi tch-devices,  i t  means  that  the  OFF-fai l u re  (fai l u re  to  open)  i n  the  h i gh  demand  or 
con ti nuous  mode  of operation  and  the  ON -fai l u re  (fai l u re  to  cl ose)  i n  the  l ow demand  mode  of operati on  can  be  a  
dangerous  fai l u re  for the  ach i evement of an  i n variable  safe-state,  and  both  of the  OFF-  and  ON-fai l u res  can  be  a  
dangerous  fa i l u re  for the  ach ievement of an  i n tri ns ical l y vari able  safe-state.  

Note  3  to  en try:  I n vari abl e  safe-state  i s  the  state  of the  overal l  system  i n  wh ich  the  safety control -system  
concerned  can  be  i n  one  of the  acti vated  or i nert  s tate  to  ach ieve  the  safe  state  of the  overa l l  system ,  and  the  
i n tri ns ical l y  vari abl e  safe-state  i s  the  state  of the  overal l  system  i n  wh ich  the  safety con trol -system  has  to  change  
i ts  own  state  from  the  acti vated  to  the  i nert  or from  the  i nert  to  the  acti vated  or both  to  ach ieve  the  safe  s tate  of the  
overa l l  system .  

Note  4  to  en try:  Acti vated  state  i s  i n  the  l ower degree  of d i sorder ( i . e . ,  the  h i gher deg ree  of order)  and  the  i nert  
s tate  i s  i n  the  h i gher deg ree  of d i sorder.  The  measure  of d i sorder of a  system  i s  en tropy that  i s  a l so  a  measure  of 
the  ”mu l ti pl i ci ty”  associated  wi th  the  system  state.  

[SOURCE:  I EC 61 508-4:201 0,  3. 6 . 7 ,  mod i fied  – Add i tion  of the  notes  to  entry. ]  

3.3.2  
B1 0D  value  
number of cycles  un ti l  1 0  %  of the  components  have  a  dangerous  fa i lu re  

Note  1  to  en try:  The  B
1 0D

 va l ue  wi l l  be  speci fi ed  by the  manufacturer of safety devices.  

[SOURCE:  I SO  1 3849-1 : 201 5,  Table  1 ]  

3.4  Functional  safety of reed  switch-devices  

3.4. 1   
el ement safety function  of reed  switch -device  
function  to  open  and /or close  as  the  i nput  and  ou tpu t devices  wi th in  the  s tated  safety 
accuracy i n  accordance wi th  the  fol l owing  a)  to  c)  appl ications:  

a)  the  reed  swi tch-device  operati ng  i ts  e lement safety function  to  materia l i ze  an  i nvariable  
safe  s tate;   

b)  the  reed  swi tch-device  operati ng  i ts  e lement safety function  to  materia l i ze  an  i n tri ns ical l y 
variable  safe  s tate;  

c)  the  reed  swi tch-device  operating  e lemen t safety functions  to  materia l i ze  reciprocal l y 
variable  safe  s tates  

Note  1  to  en try:  An  OFF  fai l u re  (fa i l u re  to  open )  of the  form  A contact can  be  a  safe  fa i l u re,  an  ON  fai l u re  (fa i l u re  
to  cl ose)  of the  form  A con tact  can  be  a  dangerous  fai l u re,  an  OFF  fa i l u re  (fai l u re  to  open)  of the  form  B  contact 
can  be  a  dangerous  fa i l u re,  and  ON  fai l u re  (fai l u re  to  cl ose)  of the  form  B  contact can  be  a  safe  fa i l u re  regard less  
of modes  of operation .  

Note  2  to  en try:  For example,  a  s tationary mach ine  i s  often  a  safe  state  for a  mach inery production  system .  

Note  3  to  en try:  Al l  the  fai l u re  modes  of the  form  A and  B  contacts  can  be  dangerous  fai l u re  modes  regard l ess  of 
modes  of operation  because  the  reed  swi tch -device  has  to  repeat  to  con tact  and  open  appropri atel y accord ing  to  
ci rcumstances.  

Note  4  to  en try:  An  au tomated  s teeri ng  gear for au tomobi l es  control s  vari abl e  safe  cou rses  i n  accordance  wi th  
ci rcumstances,  i . e. ,  a  vari abl e  safe  s tate  to  prevent  col l i s i ons.  

Note  5  to  en try:  Any fa i l u re  mode  of the  form  A and  B  con tacts  can  be  dangerous  to  one  of the  safe  states  bu t  
safe  to  another safe  s tate  regard l ess  of modes  of operation  because  the  safe  s tates  are  mu tual l y reciprocal ,  i . e . ,  a  
safe  open  state  of con tact  that  can  be  a  dangerous  s tate  for another con tact  and  a  d angerous  cl osed  state  of 
con tact  that  can  be  a  safe  s tate  for another contact.  

Note  6  to  en try:  For example ,  an  explosion  of a i r bags  for au tomobi l es  i s  a  safe  s i tuati on  when  an  au to  crashes  
bu t  an  unexpected  explosion  i s  a  dangerous  s i tuation  when  the  au to  i s  runn ing  normal l y.  
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3.4.2   
SIL  capabi l i ty of function  un i t(s)  
characteristic of a  function  un i t(s)  to  wh ich  the  capabi l i ty of S I L  1 ,  2 ,  3  or 4  i s  a l l ocated   

Note  1  to  en try:  The  a l l ocation  i s  d one  respecti vel y under speci fi ed  cond i ti ons  and  ci rcumstances  i n  accordance  
wi th  I EC 61 508-2  and  I EC 61 508-3.  

[SOURCE EC 60079-29-3: 201 4,  3. 1 5,  mod i fied  – Add i tion  of “of function  un i t(s)”  i n  the  term . ]  

4 Approach  adopted  for th is  document 

4.1  General  

The approach  adopted  i s  to  ra ise  the  fo l l owing  necess i ti es.  

I n  fi e lds  such  as  process  i ndustries ,  mach ine  manufacturing  i ndustries,  transportation ,  
general  household  electrical  appl i ances  appl ying  reed  swi tch-devices,  there  is  a  growing  
demand  for functional  safety assessment (FSA).  

Reed  swi tch  manufactu rers  shou ld  do  some assessment of thei r fi nal  assembly (reed  
swi tch-devices)  and  provide  important  re l iabi l i ty d ata  re lati ng  to  thei r reed  swi tch-devices  to  
other product manufacturers,  system  in tegrators  or users .  

Th is  document describes  the  process  wh ich  shou ld  be  appl i ed  i n  accordance wi th  the  
structu re  of the  appl ications  described  i n  th is  document.  

4.2  Appl ication  of reed  swi tches  in  accordance wi th  IEC  62246 (al l  parts)  

When  appl ying  reed  swi tches  i n to  the  fo l l owing  speci fic products  as  swi tch ing  e lemen ts,  the  
con tact rati ngs  are  i n tended  to  be  used  i n  con junction  wi th  I EC  62246-1 -1 : 201 8  un less  
otherwise  speci fied  i n  the  deta i l  speci fications :  

a)  reed  re lays:  

e lectromechan ical  control  ci rcu i t  devices,  cons isti ng  of reed  swi tches  and  coi l  fi tting  i n to  a  
housing  wh ich  cou ld  be  p lastic or metal  (see  I EC  61 81 0-1 : 201 5  and  I EC 61 81 1 -1 : 201 5) ;  

b)  reed  swi tches  for e l ectromechan ical  con trol  ci rcu i t devices,  consisting  of reed  swi tches  
and  magnet actuator fi tti ng  i n to  a  hous ing  wh ich  cou ld  be  p lastic or metal  (see  
IEC 60947-5-1 : 201 6);  

c)  magnetic proxim i ty swi tches:  

e lectromechan ical  control  ci rcu i t devices  wi thou t external  power suppl y,  cons isti ng  of reed  
swi tches  and  magnet actuator,  e i ther separated  or i n  the  same housing  wh ich  cou ld  be  
p lastic or metal ;  they can  detect the  presence of magnetic obj ects  wi thout contact  (see  
I EC 60947-5-2 : 2007);  

d )  magnetic safety swi tches:  

guard  i n terlocking  devices  that are  des igned  to  protect  both  people  and  mach ines,  
cons isting  of reed  swi tches,  overcurrent  protection ,  non-coded  or coded  magnet actuator 
i n  a  separate  hous ing  wh ich  cou ld  be  p lastic  or meta l  (see  I EC  60947-5-3:201 3  and  
ISO  1 41 1 9: 201 3);  

e)  reed  sensors:  

e lectromechan ical  con trol  ci rcu i t  devices  bu i l t  us ing  reed  swi tches  wi th  add i ti onal  
functional i ties  such  as  the  ab i l i ty to  wi thstand  h i gher shock,  eas ier mounting ,  add i tional  
i n te l l i gen t ci rcu i try,  etc.  (see  I EC 60947-5-9: 2006) .  

EXAMPLE  1  Shock reed  sensor:  a  ri ng  magnet i s  mounted  on  a  very precise  tensi on  spri ng  and  th i s  assembly i s  
s l i d  over a  reed  swi tch .  Depend ing  on  the  impact to  tri gger the  reed  swi tch ,  d i fferen t tensi on  spri ngs  are  used .  
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EXAMPLE  2  Thermal  reed  sensor:  a  reed  swi tch  i s  encl osed  i n  specia l  ferri te  compound  wh ich  l oses  i ts  magneti c  
permeabi l i ty at  i ts  Curie  temperatu re,  and  i s  sandwiched  between  two  permanent  magnets .  

EXAMPLE  3  Pressure  reed  sensor:  a  magnet  actuator i n  mounted  on  a  very precise  tension  spri ng  and  th i s  
assembly i s  a  d i stance  away from  a  reed  swi tch .  Pressu re  d rops  cause  the  spri ng  wi th  attached  magnet  actuator to  
move  towards  the  reed  swi tch ,  causing  the  con tacts  to  cl ose.  

4.3  Appl ication  in  accordance  wi th  ISO 1 3849  (al l  parts) ,  IEC  62061  and  IEC  61 508  (al l  
parts)  

Reed  swi tch-device  manufacturers  shou ld  provide  re l i ab i l i ty data  such  as  λD1  va lues  when  
they are  appl i ed  i n to  mach inery systems based  on  the  requ i rements  from  ISO 1 3849-1  and  
I EC 62061 .  

When  appl ied  i n to  E/E/PE  systems,  where  no  appl ication  sector standard  exists,  they shou ld  

provide  re l iab i l i ty data  such  as  fie l d  fa i l u re  rates:  λs ,  λD2  and  SFF  based  on  the  requ i rements  

from  IEC  61 508  (al l  parts) .  

4.4 Appl ication  of the  design  of the  E/E/PE safety-related  system  

The des ign  of the  E/E/PE  safety-related  system  ( includ ing  the  overal l  hardware  and  software  
arch i tecture,  sensors,  programmable  e lectron ics ,  ASICs,  embedded  software,  appl ication  
software,  data,  etc. ) ,  shal l  meet a l l  of the  fol l owing  requ i rements  (see  Table  2 ,  Table  3  and  
Table  4) .  

For hardware  safety i n tegri ty,  these  i nclude:  

– the  arch i tecture  constra in ts  on  hardware  safety i n tegri ty,  and  

– the  requ irements  for quanti fying  the  effect of random  fai lu res.  

Table  2  – Maximum al lowable  safety in tegri ty l evel  for a  safety function  
carried  out  by a  type  A safety-related  element  or subsystem  

Safety fai l ure  fraction  of an  e lement  Hardware  fau l t  tolerance  

0  1  2  

<  60  %  S I L  1  S I L  2  S I L  3  

60  %  to  <  90  %  S I L  2  S I L  3  S I L  4  

90  %  to  <  99  %  S I L  3  S I L  4  S I L  4  

≥  99  %  S I L  3  S I L  4  S I L  4  

NOTE  1  Refer to  I EC 62061  wh ich  g i ves  S I L3  max.  and  PL  e  and  category 4 ,  however when  us ing  I EC 61 508  
(al l  parts ),  i t  i s  possib le  to  ach i eve  S I L  4  on l y.  

NOTE  2  Th i s  table  i s  based  on  I EC 61 508-2 : 201 0,  Tab le  2 .  

 

Table  3  – Performance  l evel  

PL Average  probabi l i ty of dangerous  fai l ure  per hour [PFH
D
]  

a ≥  1 0 -5  to  <  1 0 -4  

b ≥  3  ×  1 0 -6  to  <  1 0 -5  

c ≥  1 0 -6  to  <  3  ×  1 0 -6  

d  ≥  1 0 -7  to  <  1 0 -6  

e ≥  1 0 -8  to  <  1 0 -7  

NOTE  Th is  tab le  i s  based  on  I SO  1 3849-1 : 201 5,  Table  3 .  
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Table  4 – Arch i tectural  constraints  on  subsystems:  maximum SIL that  can  be  claimed  
for a  safety-related  control  function  (SRCF)  using  th is  subsystem  

Safe  fai lure  fraction  
Hardware  fau l t tolerance (see  Note  1 )  

0  1  2  

<  60  %  Not a l l owed  (for 
exception  see  Note  3)  

S I L  1  S I L  2  

60  %  to  <  90  %  S I L  1  S I L  2  S I L  3  

90  %  to  <  99  %  S I L  2  S I L  3  S I L  3  (see  Note  2)  

≥  99  %  S I L  3  S I L  3  (see  Note  2)  S I L  3  (see  Note  2)  

NOTE  1  A hardware  fau l t  tol erance  of N  means  that  N +1  fau l ts  cou ld  cause  a  l oss  of the  safety-related  control  
function .   

NOTE  2  A S I L  4  cl a im  l im i t i s  not  considered  i n  th i s  documen t.  For S I L  4  see  I EC 61 508-1 .  

NOTE  3  See  I EC 62061 : 2005  and  I EC 62061 : 2005/AMD2: 201 5,  6 . 7. 6. 4  or for subsystems  where  fau l t  
exclus i ons  have  been  appl i ed  to  fau l ts  that  cou ld  l ead  to  a  dangerous  fai l u re,  see  I EC 62061 : 2005,  
I EC 62061 : 2005/AMD1 : 201 2  and  I EC 62061 : 2005/AMD2: 201 5,  6 . 7. 7.  

NOTE  4  Th i s  table  i s  based  on  I EC 62061 : 2005,  Tab le  5.  

 

4.5  Appl ication  of SIL  capabi l i ty to  function  un i ts  

4.5. 1  General  

The procedures  to  a l locate  SI L  capabi l i ty to  function  un i ts  of reed  swi tch-devices  are  i n tended  
to  be  speci fi ed  based  on  the  agreement between  system  and  reed  swi tch-devices  
manufacturers  for the  rea l i zation  of an  E/E/PE  safety-re lated  system .  

4.5.2  Procedures  

The  al l ocation  of SI L  capabi l i ty to  function  un i ts  of the  component i s  i n tended  to  meet the  
fol l owing  requ i rements  a)  to  c) :  

a)  those  for quan ti fying  the  effect of random  hardware  fa i l u res ,  i . e . ,  I EC 61 508-2 : 201 0,  7 . 4 . 5;  

b)  safety function(s)  and  e lement safety function(s)  are  i den ti fied  and  des ignated  for the  
a l l ocation  of SI L  capabi l i ty to  the  e lement safety function  concerned  taking  three  types  of 
safe  system  states,  i . e. ,  i nvariable ,  i n trins ical l y variable  and  reciprocal l y variable  safe  
states  in to  cons ideration ;  

c)  those  for the  avoidance  of systematic fau l ts,  i . e. ,  I EC  61 508-2 :201 0,  7. 4 . 6 .  

4.5.3  Random  hardware  fai lu res  

To quan ti fy the  effect  of random  hardware  fa i l u res,  the  fol lowing  a)  and  b)  are  in tended  to  be  
requ ired :  

a)  the  fa i l u re  modes  of the  e lement due  to  random  hardware  fa i l u res  ( that are  detected  or not 
detected  by d iagnostic tests);  

b)  for every fa i lu re  mode,  an  estimated  fa i lu re  rate  wi th  respect to  speci fi ed  operating  
cond i ti ons.  

Any of 1 )  to  3)  can  be  appl i ed  to  the  evaluation  procedure:  

1 )  implementation  of a  fa i l u re  modes  and  effects  anal ys is  (FMEA)  of the  des ign  us ing  
e lemen t fa i l u re  data  from  a  recogn ized  i ndustry source(s)  (see  I EC 61 508-2 : 201 0,   
7 . 4. 9. 5  a)) ;  or 

2)  experience  of the  previous  use  of the  e lemen t i n  a  s im i lar envi ronment(s)  (see  
I EC 61 508-2: 201 0,  7 . 4. 1 0);  or 

3)  evidence  that the  equ ipment i s  proven  i n  use  (see  I EC 61 508-2: 201 0,  7 . 4. 1 0. 1 ).  
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4.5.4  Systematic  fau l ts  

To quanti fy the  effect of systematic fau l ts ,  the  fol l owing  a)  and  b)  are  i n tended  to  be  requ i red  
(see  I EC 61 508-2: 201 0,  7 . 4. 2 . 2  c)) :  

a)  fai l u re  modes  owing  to  the  fo l l owing :  

– res idual  des ign  and  manufacturing  fau l ts  i n  the  component,  

– res idual  i nsta l l ation  fau l ts  i n  the  component,  

– human-errors  in  the  operation  of the  component,  

– environmental  s tresses,  i nclud ing  e lectromagnetic d isturbances  appl ied  to  the  
component (see  I EC 61 508-2 :201 0,  7 . 4 . 7 . 1 .  b)) .   

b)  for every fa i lu re  mode,  an  estimated  fa i l u re  rate.  

Any of 1 )  to  3)  can  be  appl i ed  to  the  evaluation  procedure:  

1 )  evidence  that  the  equ ipment i s  proven  i n  use;  or 

2)  effects  anal ys is  from  au thorized  i ndustry data  sources;  or 

3)  experience  of the  previous  use  of the  e lement i n  a  s im i lar envi ronment (see  
IEC 61 508-2: 201 0,  7 . 4 . 1 0).  

4.5.5  Safety manual  

I t  wi l l  be  necessary for a  suppl ier of a  componen t,  cl aimed  as  be ing  compl ian t wi th  I EC  61 508  
(a l l  parts) ,  to  calcu late  random  hardware  fai l u re  rates  avai l ab le  to  the  designer of an  E/E/PE 
safety-re lated  system  in  the  component safety manual ,  see  see  I EC  61 508-2: 201 0,  7 . 4 . 9. 4  
and  Annex D.  

De-rati ng  shou ld  be  considered .  J usti fication  for operati ng  at the  l im i ts  sha l l  be  documented  
(see  I EC 61 508-2: 201 0,  7. 4. 2 . 1 3).  

4.5.6  Appl ication  of SIL  capabi l i ty for the  al location  of SIL  to  systems  

I n  order to  a l l ocate  SI L  to  the  overal l  systems,  PFDavg  for the  low demand  mode of operation  
and  PFH  for the  h igh  demand  mode and  con ti nuous  mode  of operation  cou ld  be  calcu lated  
based  on  the  formu las  shown  i n  I EC 61 508-6  using  dangerous  fa i l u re  rates  in  accordance  
wi th  the  requ i rements  provided  i n  4 . 5. 1  and  4. 5. 2 ,  taking  the  fol lowing  metrics  i n to  account:  

1 )  arrangement of dangerous  and  safe  fai l u re  modes  for ON /OFF  fa i l u res;   

2 )  safe  fai l u re  fraction  (SFF);  

3)  hardware  fau l t to lerance  (HFT);  

4)  d iagnostic coverage (DC);  

5)  proof testing  duration  (T);  

6)  common  cause  fa i l u re  (CCF):  beta  (β)  factor.  
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5 Examples  of rel iabi l i ty data for reed  swi tch-devices  

Examples  of safety systems appl ied  to  reed  swi tch-devices  operating  i n  a  l ow demand  
operation ,  in  a  h i gh  demand  operation  or con tinuous  mode  of operation ,  safety and  re l iabi l i ty 
requ irements  are  g i ven  i n  Clauses  1  of Annexes  A to  F .  

Typical  g roup  safety and  i ndustria l  standards,  national  standards  and  regu lations  are  se lected  
i n  Clauses  2  of Annexes  A to  F .  

Typica l  safety appl ications,  arch i tectures  and  con trol  ci rcu i ts  of reed  swi tch-devices  are  g iven  
i n  Clauses  3  of Annexes  A to  F .  

Usage cond i ti ons  of end-users,  E/E/PE  system  manufacturers  and  reed  swi tch-device  
manufacturers  are  g i ven  i n  Clauses  4  of Annexes  A to  F .  

Fa i lure  rates  based  on  the  requ i rements  from  I SO  1 3849-1  and  I EC  62061  or fie ld  fa i lu re  
rates  and  safety fa i l u re  fraction  based  on  the  requ irements  from  I EC  61 508  (a l l  parts)  are  
g i ven  i n  C lauses  5  of Annexes  A to  F.  

Examples  of acciden t damage  reduction  are  g iven  i n  Annex C.  

6 Examples  of classification  of involved  groups for responsibi l i ty 

I n  order to  success ivel y set up  the  main tenance cycle  and  the  bas is  for safety requ irements  
for each  phase  of the  l i fe  cycle,  examples  of classi fication  of i nvolved  groups  for responsib i l i ty 
are  g i ven  i n  C lauses  6  of Annexes  A to  F.  
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Annex A  
(informative)  

 
Hydraul ic and  pneumatic flu id  power 

A.1  Example of electric actuator in  hydraul ic fl u id  power 

This  appl ication  is  a  typical  example  of a  two-channel  system  wh ich  i s  used  to  ach ieve  a  
h igher safety l evel  for a  h igh  demand  or conti nuous  mode  of operation  in  accordance  wi th  the  
i ndustria l  s tandards  l i sted  i n  C lause  A. 2 .  

Cyl i nder equ ipment detects  the  pos i tion  of a  p i ston  wh ich  performs  motion  con trol  of an  
e lectric actuator wi th in  a  mechan ica l  control  system .  

A.2  Examples  of group safety standards  

I SO 441 3,  Hydraulic fluid power – General rules and safety requirements for systems and 
their components 

ISO 441 4,  Pneumatic fluid power – General rules and safety requirements for systems and 
their components 

The standards  mentioned  above speci fy the  use  of sequence  and  posi tion  detection .  When  
there  i s  a  poss ib i l i ty that a  functional  defect  of pressure  con trol  or time  control  can  generate  
danger or damage  in  i tsel f,  posi ti on  detection  i s  u sed .  

A.3  Example of safety requirements  

The safety-related-control  system  of a  servo  press  shal l  be  category 4  accord ing  to  
I SO 1 3849-1 : 201 5.  Categories  2  or 3  can  be  selected  accord ing  to  the  risk assessment 
standard ,  J I S  B  641 0: 2009,  5 . 3.  

A.4  Example of safety measures  for the reed  switch-device  

A.4. 1  Usage condi tions  of end-user 

The arch i tecture  of an  e lectric  actuator in  h ydrau l i c fl u i d  power i s  shown  i n  F igu re  A. 1 .  
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Figure A. 1  – Archi tecture  of an  electric actuator in  hydrau l ic flu id  power 

Based  on  the  fol lowing  techn ica l  i n formation ,  reed  swi tches  are  used  for the  contacts  of 
magnetic proxim i ty swi tches  of the  E/E/PE  system :  

– environmental  cond i tions  for reed  swi tches ’  use:  the  swi tch ing  l oad  vol tage  and  curren t of 
a  magnetic proxim i ty swi tch  are  s i gnal  l evel  to  detect the  p iston  pos i ti on  and  calcu late  a  
movement speed  by the  con trol ler:  

•  vi bration :  1 0  mm  p-p  max. ,  1 0  Hz to  55  Hz (accord ing  to  I EC  60068-2-6);  

•  shock:  98  m /s2  (1 0  gn)  max.  (accord ing  to  I EC  60068-2-27) ;  

•  EMC:  speci fied  test  l evels  (accord ing  to  I EC 61 000-4  (a l l  parts));  

•  ambien t temperature:  0  °C  to  +  50  °C;  

– the  system  suppl iers  demand  MCTF or B1 0  value  from  equ ipment manufacturers;  

– preventive  maintenance:  accord ing  to  the  MCTF or B1 0  va lue,  users  confi rm  and  main tain  
safety by a  dai l y check and  replace  the  device  after a  speci fied  number of operations.  

A.4.2  Usage conditions  of the  reed  switch-device  

Usage cond i ti ons  are  speci fi ed  as  fol l ows:  

– Swi tch ing  l oad :  the  swi tch ing  load  vol tage  and  curren t (5  V DC,  1  mA max. )  are  s ignal  
l evel  because  the  con trol ler on l y detects  the  pos i ti on  and  calcu lates  a  movement speed .   

– Fai lu re  mode:  when  the  swi tch  is  not magnetized ,  i t  i s  regarded  as  a  d isconnection  of the  
swi tch ,  a  cable,  a  power suppl y,  etc. ,  and  i t  i s  considered  fa i lsafe.  

– Diagnostic  coverage  for reed  swi tches:  i n  order to  improve  safety,  the  p i ston  travel  t ime 
between  both  swi tches  is  mon i tored  by the  con trol l er.  

The  con trol  ci rcu i t  of reed  swi tches  of magnetic  proxim i ty swi tches  is  shown  i n  F igure  A. 2.  

IEC  
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Figure A.2  – Control  circu i t  of reed  switches  of magnetic  proximity switches  

A.5  Example of calculation  of fai lure rates  for the  reed  swi tch-device  

A.5. 1  Dangerous  fai lu re  rate  of the  reed  swi tch-device  

λD1  =  5 , 79  ×  1 0
-7  (1 /h ）   

See  I SO  1 3849-1 : 201 5,  Formu la  (C.5) ,  where  

opn  i s  60  operations/h ,  24  h /day,  360  days  per year;  

1 0DB  i s  1 0  m i l l i on  cycles  (see  F igure  A. 3 ,  estimation  of B1 0D  accord ing  to  I EC 61 81 0-2-1  

by the  manufacturer of the  magnetic proxim i ty swi tch).  

 

Figure A.3  – B1 0  value  estimated  by Weibu l l  analysis  

NOTE  1  1 0  swi tches  corresponds  to  the  fa i l u re  mode  ' fai l u re  to  open '  (OFF  fai l u re  accord ing  to  
I EC 62246-1 -1 : 201 8,  D . 2 . 3).  

NOTE  2  1 0D 1 0
1 0

1 0
B B= ×  
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A.5.2  Estimates  for d iagnostic coverage (DC)  

90  %  to  99  % ,  i nd i rect  mon i toring  (e. g .  mon i toring  by e lectrica l  pos i ti on  mon i toring  of 
actuators).  

A.5.3  Estimates  for common  cause fai lu re  (CCF)  

A comprehensive  procedure  for measures  against CCF  for the  swi tches  and  separate l y for 
con trol  l og ic  i s  g i ven ,  for example,  i n  I SO 1 3849-2  and  I EC 61 508-6: 201 0,  Annex D.   

A.6  Example of classification  of involved  groups for responsibi l i ty 

An  example  of class i fication  of i nvolved  groups  for responsibi l i ty i s  g i ven  i n  Table  A. 1 .  

Table  A. 1  – Possible  sharing  of responsibi l i ty on  an  electric actuator 

Feature  Manufacturer 
of the  

reed  swi tch   

Manufactu rer 
of the  

magnetic  
proximi ty 

swi tch   

Manufacturer 
of E/E/PE  
systems  

accord ing  to  
ISO 1 3849  (al l  

parts)  

Manufactu rer 
of the  

equ ipment 
(mach ine)  

Owner/ 
user of the  
equ ipment 
(mach ine)  

Operator  
of the  

equ ipment 
(mach ine)  

Main tai -
ner of the  

equ ip-
ment 

(mach ine)  

Reed  swi tch  
standard   

yes  yes  no  no  no  no  no  

Component  
s tandard  a  

yes  yes  no  no  no  no  no  

Arch i tecture  b  no  no  no  yes  yes  yes  yes  

Control  
ci rcu i t  

no  no  yes  no   no  no  no  

Proof test  no  no  no  no  no  yes  no  

Repl acement 
cycle  

no  no  no  no  no  no  yes   

a   Con tact rati ngs  of reed  swi tches  s tandards  are  avai l ab le.  The  B1 0D  value  i s  speci fi ed  by the  manufacturer of 
safety devices.  

b   The  arch i tectu re  of the  system  i s  g i ven  by the  design .  The  owner/user,  operator and  main tai ner have  to  
ensure  that  the  g i ven  safety s tandard  has  not  changed .   
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Annex B  
(informative)  

 
Safety of machinery 

B.1  Example of guard  interlocking  device  

This  appl ication  is  a  typ ica l  example  of a  dual  channel  system  wh ich  i s  used  to  ach ieve  h igher 
safety performance  in  accordance wi th  the  i ndustrial  standard  l i s ted  i n  C lause  B. 2 .  

I n  order to  improve  the  safety l evel ,  add i tional  measures,  such  as  an  over-curren t protection  
device  and  dual  channel  mon i toring  system  are  i ncluded  i n  the  guard  in terlocking  swi tches.  

B.2  Example of group safety standards  

I SO 1 41 1 9,  Safety of machinery – Interlocking devices associated with guards – Principles for 
design and selection  

B.3  Example of safety requirements  for the system  

B.3. 1  Description  of Type  3  i n terlocking  device – example   

A Type  3  i n terlocking  device  consists  of one  or more  non-mechan ical l y actuated  pos i ti on  
swi tch(es)  (magnetic  swi tch)  actuated  by an  uncoded  actuator l i nked  to  a  movable  guard  (see  
Figu res  B. 1  and  B. 2).  

To  fu l fi l  requ i rements  for safety i n tegri ty i n  most cases,  two  s i ng le  pos i ti on  swi tches  wi th  
mon i toring  wi l l  be  requ i red  un less  the  s ing le  pos i tion  swi tch  is  designed  to  meet the  
requ i rements  of I EC  60947-5-3  (see  a lso  I SO 1 41 1 9: 201 3,  5 . 4) .  
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Figure B. 1  – E lectric  in terlocking  device  wi th  a  proximity switch  
actuated  by a  magnet actuator 

 

 

Figure B.2  – E lectric  in terlocking  device  wi th  two proximity switches  

B.3.2  Typical  characteristics   

See  I SO  1 41 1 9: 201 3,  C lause  C. 2 .  

– no  moving  parts;  

– h igh  res istance  to  dust,  l i qu ids;  

– eas i l y kept  clean ;  

– due  to  the  l ack of cod ing ,  add i tional  measures  against defeating  are  requ i red ;  

– l im i ted  appl ication  possib i l i ti es.  

B.3.3  Remarks  

For measures  to  m in im ize  defeating ,  see  I SO  1 41 1 9: 201 3,  C lause  7 .  
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B.3.4  Description  of Type  4  i n terlocking  device – example   

A Type  4  i n terlocking  device  wi th  a  pos i tion  swi tch  actuated  by a  coded  magnet actuator 
associated  wi th  the  movable  guard  opens  i ts  contacts  when  the  guard  i s  not  closed  (see  
ISO  1 41 1 9: 201 3,  F igure  D. 1 ).  

B.3.5  Typical  characteristics  

– no  moving  parts;  

– h igh  res istance  to  dust,  l i qu ids;  

– eas i l y kept  clean ;  

– due  to  the  l ack of cod ing ,  add i tional  measures  against defeating  are  requ i red ;  

– l im i ted  appl ication  possib i l i ti es.  

B.3.6  Remarks  

For measures  to  m in im ize  defeating ,  see  I SO  1 41 1 9: 201 3,  C lause  7 .  

B.4 Example of safety measures  for the reed  switch-device  

B.4. 1  Usage condi tions  of end-user 

A typica l  arch i tecture  i s  shown  i n  F igure  B. 3.  

 

Key 

MG1 ,  MG2  magneti c  actuators  

R1 ,  R2  reed  swi tches  

F1 ,  F2  contact wel d ing  protection  devi ces  (fuses  a ,  b)  

K1 ,  K2  e l ectromagneti c  con tactors  

a  See  I EC 62246-1 : 201 5,  6 . 27,  and  I EC 62246-1 -1 : 201 8,  Table  2 ,  Test  no.  A. 4.  

b  See  qu ick acti ng  h i gh  breaking  capaci ty fuse  type  FH  i n  accordance  wi th  I EC 601 27-2: 201 4,  
s tandard  sheet  1 .  

Figure B.3  – Typical  arch i tecture of guard  i n terlocking  device  
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Based  on  the  fo l l owing  bas ic techn ical  i n formation ,  reed  swi tches  are  used  for the  contacts  of 
non-contact  magnetic  safety swi tches  that are  des igned  to  i n terlock h inged ,  s l i d i ng  or 
removable  guard  doors:  

– Envi ronmental  cond i tions  for reed  swi tches ’  use:   

•  vi bration :  1 0  mm  p-p  max. ,  1 0  Hz to  55  Hz (accord ing  to  I EC  60068-2-6);  

•  shock:  98  m /s2  ( 1 0  gn)  max.  (accord ing  to  I EC  60068-2-27) ;  

•  EMC:  speci fied  test  l evels  (accord ing  to  I EC 61 000-4  (a l l  parts)) ;  

•  ambien t temperature:  0  °C  to  +  50  °C.  

– Preventive  main tenance:  month l y – check a l i gnment of actuator and  l ook for s igns  of 
mechan ica l  damage  to  the  swi tch  casing .  Check wiring  for s igns  of damage.  Check each  
swi tch  function  by operati ng  and  clos ing  each  guard  i nd ividual l y i n  turn  and  ensuring  that 
the  appropriate  LEDs  on  the  safety relay are  i l l um inated  when  the  swi tch  is  cl osed  and  are  
exti ngu ished  when  the  swi tch  is  open .  Check that the  mach ine  stops  and  cannot be  
re-started  when  e i ther swi tch  is  open .  Never attempt to  repai r any swi tch ,  actuator or 
i n tegra l  cables.  Replace  any swi tch  d isp laying  s igns  of mechan ical  damage to  the  cas ing  
or cables.  

B.4.2  Usage conditions  of the  reed  swi tch-device  

The reed  swi tches  of guard  i n terlocking  devices  are  used  under the  fol l owing  cond i tions:  

– typical  swi tch ing  l oad :  24  V DC,  200  mA,  i nductive  l oad ;  

– fai l u re  mode:  when  the  swi tch  i s  not magnetized ,  i t  i s  regarded  as  a  d isconnection  of the  
swi tch ,  a  cable,  a  power suppl y,  etc. ,  and  i t  i s  considered  fa i l safe;  

– d iagnostic coverage  for reed  swi tches:  au tomatic  mon i toring  by a  programmable  log ic 
con trol l er and  cross-mon i toring  between  the  two systems  are  performed  by the  PLC.  

B.5 Example of calculation  of fai lure rates  for the  reed  swi tch-device  

B.5. 1  General  

Accord ing  to  the  fol l owing  evaluations,  a  dua l  channel  i n terlock device  speci fi ed  i n  F igure  B. 3  
is  des igned  to  meet performance levels  PL  e  or PL d  (accord ing  to  I SO  1 3849-1 : 201 5)  and  for 
use  in  a  S I L  2  or S I L  3  system  (accord ing  to  I EC  62061 : 2005)  depend ing  on  appl ication  
characteristics  when  applying  the  basic  safety measures  speci fied  i n  Clause  B .4 .  

B.5.2  Dangerous  fai lu re  rate  of reed  switch-device  

λD1  =  6 , 00  ×  1 0
-7  (1 /h)   

See  I SO  1 3849-1 : 201 5,  Formu la  (C.5) ,  where  

opn  i s  the  1 0  operations/h ,  24  h /day,  360  days  per year;  

1 0DB  i s  2  m i l l i on  cycles  (estimation  of B1 0D  accord ing  to  I EC  61 81 0-2-1  by the  manufacturer 

of the  guard  i n terlocking  device).  

B.5.3  Estimation  for d iagnostic  coverage  (DC)   

99  % ,  cross  mon i toring  of i nput s ignals  and  in termed iate  resu l ts  wi th in  the  l og ic  (L)  and  
temporal  and  l og ica l  software  mon i tor of the  program  flow and  detection  of static fau l ts  and  
short ci rcu i ts .  

B.5.4  Estimates  for common  cause fai lu re  (CCF)  

A comprehensive  procedure  for measures  against CCF  for the  swi tches  and  separatel y for 
con trol  log ic  i s  g i ven ,  for example,  i n  I SO 1 3849-2  and  I EC 61 508-6: 201 0,  Annex D.  
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B.6  Example of classification  of involved  groups for responsibi l i ty 

An  example  of class i fication  of i nvolved  groups  for responsibi l i ty i s  g i ven  i n  Table  B. 1 .  

Table  B . 1  – Possible  sharing  of responsibi l i ty on  a  guard  i n terlocking  device  

Feature  Manufactu rer 
of the  

reed  swi tch   

Manufactu rer 
of the  

magnetic  
safety swi tch   

Manufacturer 
of E/E/PE  
systems 

accord ing  to   
IEC  62061 ,   

ISO 1 3849  (al l  
parts)   

and  ISO  1 41 1 9  

Manufacturer 
of the  

equ ipment 
(mach ine)  

Owner/ 
user of the  
equ ipment 
(mach ine)  

Operator  
of the  

equ ipment 
(mach ine)  

Main tai -
ner of the  

equ ip-
ment 

(mach ine)  

Reed  swi tch  
standard  

yes  yes  no  no  no  no  no  

Component  
s tandard  a  

yes  yes  no  no  no  no  no  

Arch i tecture  b  no  no  no  yes  yes  yes  yes  

Control  
ci rcu i t  

no  no  yes  no   no  no  no  

Proof test  no  no  no  no  no  yes  no  

Repl acement 
cycle  

no  no  no  no  no  no  yes   

a  Con tact  rati ngs  of reed  swi tches  standards  are  avai l abl e.  The  B
1 0D

 val ue  i s  speci fi ed  by  the  manufacturer of 
safety devices.  

b   The  arch i tectu re  of the  system  is  g i ven  by the  des i gn .  The  owner/user,  operator and  main tai ner have  to  
ensure  that  the  g i ven  safety s tandard  has  not  changed .  
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Annex C  
(informative)  

 
Automatic electrical  controls  for household  and  simi lar use 

C.1  Example of automatic  electrical  burner control  system  

This  appl ication  is  an  example  taken  from  Japan  of a  s i ng le  channel  system  for a  h i gh  
demand  or con tinuous  mode of operation  wh ich  is  used  to  ach ieve  a  h igh  safety l evel  i n  
accordance  wi th  the  i ndustria l  standards  in  au tomatic e lectrica l  con trols  for household  and  
s im i l ar use  l i s ted  i n  C lause  C. 2.  

A m icrocomputer type  gas  meter equ ipment i s  an  au tomatic  e lectrical  bu rner con trol  system  
wh ich  supervises  measurement and  the  flow of gas.  I t  a lso  i n terrupts  the  fl ow of gas  
au tomatica l l y at  a  speci fi ed  time  or i n  the  event of an  earthquake.  

C.2  Examples  of group safety standards  

I EC 60730-2-5,  Automatic electrical controls – Part 2-5: Particular requirements for automatic 
electrical burner control systems 

National  J apanese  standard :  Legal performance standard (law enforcement standard Article  
44)   

C.3  Example of safety requirements  for the system   

Gas  meters  i ncorporati ng  au tomatic shu t-off devices  tri ggered  by a  gas  flow sensor and /or 
seism  scopes  are  a  requ i rement i n  J apanese national  standards.  

The  reed  swi tch-device  (flow sensor)  i s  requ ired  for use  in  a  s i ng le  channel  SI L  2  system  
accord ing  to  I EC  62061 : 2005  as  i npu t sensor.  

Table  C. 1  shows  the  bas ic safety functions  wh ich  shou ld  behave as  a  safety system  ( in  the  
even t of emergency,  detection  methods  and  action  to  prevent  al l  gas  accidents) .  

Table  C . 1  – Detection  methods  and  action  in  the  event of emergency 

 Emergency usage 
condi tion  

Risk of 
accident  

Detection  
method  of gas  

si tuation  

Judgement Action  Effect  

Basic 
safety 
system  

gas  l eakage  

a  l arge  amount  of 
gas   

gas  
exp los ion  

gas  fl ow sensor 

(Gas  meter)  

abnormal  
fl ow quanti ty  

 

 

 

au tomatic  
shu t-down  

 

 

 

prevent  a l l  
gas  
accidents  

forgot  to  erase  gas  
poi son ing  

fi re  

gas  fl ow sensor abnormal  
fl ow quan ti ty  

earth-quake  fi re  

gas  
exp losion  

sei sm  scope  more  than  a  
speci fi ed  
sei sm ic 
coeffi cien t  
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C.4 Example of safety measures  for the reed  switch-device  

C.4. 1  Usage conditions  of end-user 

The arch i tecture  of a  m icrocomputer type  gas  meter equ ipment i s  shown  i n  F igure  C. 1 .  

 

Figure C. 1  – Archi tecture  of a  m icrocomputer type gas  meter 

Based  on  the  fo l lowing  techn ical  i n formation ,  reed  swi tches  are  used  for the  con tacts  of fl ow 
sensors  wh ich  measure  the  gas  fl ow of the  equ ipment:  

– envi ronmental  cond i tions  for reed  swi tches’  use:  

•  vi bration ,  shock:  the  m icrocomputer type  gas  meter shal l  shut-down  au tomatical l y i n  
the  even t of an  earthquake wi th  a  se ism ic i n tens i ty greater than  5  on  the  7-poin t  
Japanese  scale;   

•  EMC:  wi thstand  wi th  l evel  2 :  3  A/m  and /or l evel  3:  1 0  A/m  (accord ing  to  
I EC 61 000-4-6) ;  

•  ambien t temperature: -30  °C  to  +40  °C;  

– user checks  that the  i n terrupting  device  operates  normal l y by operation  of a  con trol l er as  a  
da i l y check;  

– proof test period :  at  l east once  a  year,  a  test  i n terruption  wi th  a  seism  scope  or a  gas- leak 
a larm  mach ine  is  performed ,  to  check that  the  i n terruption  system  operates  normal l y;  

– preventive  main tenance:  replacement after a  period  of 1 0  years  is  carried  ou t.  

  

IEC  

Provided by IHS Markit under l icense with  IEC



 – 28  – I EC TR 62246-3: 201 8  © I EC  201 8  

C.4.2  Usage conditions  of reed  switch-device  

Usage cond i ti ons  are  speci fi ed  as  fol l ows:   

– Swi tch ing  load :  the  swi tch ing  l oad  vol tage  and  curren t of a  flow sensor are  CMOS l evel  
(3  V DC,  30  μA max. )  to  i n terface  wi th  a  m icrocompu ter.   

– Fai lure  mode:  d isconnection  of the  swi tch ,  a  cable,  a  power suppl y,  etc.  are  taken  i n to  
cons ideration ;  when  the  swi tch  i s  not magneti zed  i t  i s  cons idered  fa i l safe  ( i t  sends  a  s i gnal  
to  shu t-down ,  triggers  an  a larm  d isplay and  is  therefore  considered  as  a  safe  fa i l u re).  

– D iagnostic  coverage  for reed  swi tches:  the  count d i fference  between  a  gas  measurement 
and  a  flow sensor is  mon i tored .  I t  has  at  l east  one  sel f-d iagnostic  function  during  a  
con tinuous  mode of operation .  

The  con trol  ci rcu i t of a  reed  swi tch  in  a  fl ow sensor is  shown  in  F igu re  C.2 .  

 

 

Figure  C.2  – Control  ci rcu i t  of a  reed  swi tch  in  flow sensor 

C.5 Example of calculation  of fai lure rates  for the  reed  swi tch-device  

C.5. 1  Dangerous  fai lu re  rate  of reed  switch-device  

λD1  =  5 , 79  ×  1 0
-7  (1 /h)   

See  I SO  1 3849-1 : 201 5,  Formu la  (C.5) ,  where  

opn  i s  the  1  200  operations/h ,  24  h  per day,  360  days  per year;  

1 0DB  i s  1 00  m i l l i on  cycles  (estimation  of B1 0D  accord ing  to  I EC  61 81 0-2-1  by the  

manufacturer of the  fl ow sensor) .  
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C.5.2  Estimates  for d iagnostic coverage (DC)  

90  % ,  cross  mon i toring  of i nput  s ignals  wi th  d ynam ic test i f short  ci rcu i ts  are  not detectable  
(for mu l tip le  I /O).  

C.5.3  Estimates  for common  cause fai lu re  (CCF)  

A comprehensive  procedure  for measures  against CCF  for the  swi tches  and  separatel y for 
con trol  log ic  i s  g i ven ,  for example,  i n  I SO  1 3849-2  and  IEC 61 508-6: 201 0,  Annex D.  

C.5.4  Accident damage reduction  

Figure  C. 3  shows  occurrences  of fatal i ty and  in j ury LPG  acciden ts  i n  the  past  i n  J apan .  

The  occurrences  of fata l i ty and  i n j ury LPG  accidents  have  been  decreasing  s i nce  1 993  when  
the  m icrocomputer type  gas  meter equ ipment wh ich  carried  reed  swi tches  were  adopted .  

 

SOURCE:  Reproduced  from  the  Annual report on liquefied petroleum gas (LPG)  related accidents  (201 3  vers ion )  
wi th  the  perm iss ion  of the  H i gh  Pressure  Gas  Safety I nsti tu te  of J apan  (KHK).  

Figure C.3  – Accident  occurrences  and  casualties  by year (Japan)  

C.6  Example of classification  of involved  groups for responsibi l i ty 

An  example  of class i fication  of i nvolved  groups  for responsibi l i ty i s  g i ven  i n  Table  C. 2 .  
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Table  C .2  – Possible  sharing  of responsibi l i ty on  m icrocomputer type  gas  meter 

Feature  Manufactu rer 
of the   

reed  swi tch  

Manufactu rer 
of the  

magnetic  
proximi ty  

swi tch   

Manufactu rer 
of the  E/E/PE  

systems 
accord ing  to  
IEC  62061  

Manufacturer 
of the  

equ ipment 
(mach ine)  

Owner/ 
user of the  
equ ipment 
(mach ine)  

Operator 
of the  
equ ip-
ment 

(mach ine)  

Maintainer 
of the  
equ ip-
ment 

(mach ine)  

Reed  swi tch  
standard  

yes  yes  no  no  no  no  no  

Component  
s tandard  a  

yes  yes  no  no  no  no  no  

Arch i tecture  b  no  no  no  yes  no  no  no  

Control  
ci rcu i t  

no  no  yes  no  no  no  no  

Proof test  no  no  no  no  no  no  yes  

Repl acement 
cycle  

no  no  no  no  no  no  yes   

a    Con tact rati ngs  of the  reed  swi tches  standards  are  avai l able.  The  B
1 0D

 va l ue  i s  speci fi ed  by the  manufactu rer 
of safety devices.  

b   The  arch i tectu re  of the  system  i s  g i ven  by the  des ign .  
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Annex D  
(informative)  

 
Household  and  simi lar electric appl iances  

D.1  Example of automatic  electric washing  machine  

This  appl ication  is  a  typica l  example  of a  two-channel  arch i tecture  for a  h i gh  demand  or 
con tinuous  mode  of operation  wh ich  i s  used  to  ach ieve  h igh  safety l evel  i n  accordance  wi th  
the  i ndustrial  s tandards  for household  and  s im i lar el ectrica l  appl iances  l i sted  i n  C lause  D . 2 .  
Th is  appl ication  effects  an  emergency brake  appl ication ,  i f the  perm issib le  l i d  open ing  i s  
exceeded  i n  an  au tomatic e lectric  wash ing  mach ine.   

The  l i d  detecti ng  device  of an  au tomatic wash ing  mach ine  refers  to  the  equ ipment wh ich  
con trols  rotation  of the  laundry drum ,  by stopping  or rotati ng  the  d rum  or preven ting  i t  starting  
to  rotate  when  the  l i d  i s  opened .  

D.2  Examples  of group safety standards  

I EC 60335-1 ,  Household and similar electrical appliances – Safety – Part 1 :  General 
requirements  

I EC  60335-2-4 ,  Household and similar electrical appliances – Safety – Part 2-4: Particular 
requirements for spin extractors 

IEC 60335-2-7,  Household and similar electrical appliances – Safety – Part 2-7: Particular 
requirements for washing machines 

D.3  Example of safety requirements  for the system  

The reed  swi tch-device  (reed  swi tch)  i s  requ ired  for use  in  a  s i ng le  channel  SI L  2  system  
accord ing  to  I EC  62061 : 2005  as  i npu t sensor.  

D.4 Example of safety measures  for the reed  switch-device  

D.4. 1  Usage condi tions  of end-user 

The arch i tecture  of an  au tomatic e lectric  wash ing  mach ine  i s  shown  i n  F igu re  D. 1 .   

Based  on  the  fo l l owing  bas ic techn ical  i n formation ,  reed  swi tches  are  used  for the  contacts  of 
magnetic proxim i ty swi tches  wh ich  detect the  l i d  pos i ti on  of these  mach ines:  

– Envi ronmental  cond i tions  for reed  swi tch  use:  s i nce  the  swi tch ing  l oad  vol tage  and  current 
of a  l i d  detection  swi tch  are  TTL l evel  to  i n terface  wi th  a  m icrocompu ter,  con tact weld ing  
does  not take  place.  Moreover,  i n  order to  improve  safety,  when  the  l i d  opens  more  than  a  
speci fied  d istance,  a  brake  i s  appl ied  d i rectl y to  the  motor and  the  rotation  is  s topped  
immed iatel y:  

•  vi bration :  N /A;  

•  shock:  0 , 5  J  – 3  t imes.  (accord ing  to  I EC 60335-1 ) ;  

•  EMC:  speci fied  test levels  (accord ing  to  I EC 61 000-4  (a l l  parts));  

•  ambien t temperature:  N /A;  
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Figure D. 1  – Archi tecture  of an  automatic electric wash ing  machine  

– Preventive  main tenance:  the  au tomatic electric  wash ing  mach ine  is  replaced  wi th in  
1 0  years  to  1 6  years.  

D.4.2  Usage conditions  of reed  swi tch-device  

Usage cond i ti ons  are  speci fi ed  as  fol l ows:  

– swi tch ing  l oad :  TTL level  (5  V DC,  1 0  mA max. )  to  i n terface  wi th  a  m icrocomputer;  

– fai l u re  modes  of poor contact of the  l i d  detection  swi tch ,  a  cable,  a  power suppl y,  etc.  are  
taken  i n to  cons ideration ;  i f the  OFF  state  occurs  wi thout  magneti zation ,  i t  sends  a  s i gnal  
to  prevent motor operation  and  is  therefore  a  safe  fai l u re;  

– d iagnostic coverage  for reed  swi tches:  by the  sel f-d iagnosis  of the  m icrocomputer;  

The  con trol  ci rcu i t of a  magnetic  proxim i ty swi tch  i s  shown  i n  F igure  D. 2.  
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Figure D.2  – Control  circu i t  of a  magnetic proximity switch  

D.5 Example of calculation  of fai lure rates  for the  reed  swi tch-device  

D.5. 1  Dangerous  fai lu re  rate  of reed  switch-device   

λD1  =  5 , 97  ×  1 0
-8  (1 /h)   

See  I SO  1 3849-1 : 201 5,  Formu la  (C.5) ,  where  

opn  i s  the  5  operations/h ,  24  h /day,  360  days/year;  

1 0DB  i s  1 0  m i l l ion  cycles  (estimation  of B1 0D  accord ing  to  I EC  61 81 0-2-1  by the  

manufacturer of the  magnetic proxim i ty swi tch).  

D.5.2  Estimates  for d iagnostic coverage (DC)  

90  %  to  99  %,  ind i rect  mon i toring  (e lectrical  posi ti on  mon i toring  of actuators).  

D.5.3  Estimation  for common  cause  fai lu re  (CCF)  

A comprehensive  procedure  for measures  against CCF  for the  swi tches  and  separate l y for 
con trol  l og ic  i s  g i ven ,  for example,  i n  I SO 1 3849-1  and  I EC 61 508-6: 201 0,  Annex D.  

D.6  Example of classification  of involved  groups for responsibi l i ty 

An  example  of class i fication  of i nvolved  groups  for responsibi l i ty i s  g i ven  i n  Table  D . 1 .  
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Table  D . 1  – Possible  sharing  of responsibi l i ty 
on  an  automatic electric washing  mach ine  

Feature  Manufactu rer 
of the   

reed  swi tch  

Manufactu rer 
of the  

magnetic  
proximi ty  

swi tch   

Manufactu rer 
of E/E/PE  
systems  

accord ing  to  
IEC  62061  

Manufacturer 
of the  

equ ipment 
(mach ine)  

Owner/ 
user of the  
equ ipment 
(mach ine)  

Operator 
of the  
equ ip-
ment 

(mach ine)  

Maintai -
ner of the  

equ ip-
ment 

(mach ine)  

Reed  swi tch  
standard  

yes  yes  no  no  no  no  no  

Component  
s tandard  a  

yes  yes  no  no  no  no  no  

Arch i tecture  b  no  no  no  yes  no  no  no  

Control  
ci rcu i t  

no  no  yes  no   no  no  no  

Proof test  no  no  no  no  no  no  no  

Repl acement 
cycle  

no  no  no  no  no  no  no  

a  Contact  rati ngs  of reed  swi tches  standards  are  ava i l able.  The  B
1 0D

 value  i s  speci fi ed  by the  manufacturer of 
the  magneti c  proxim i ty swi tch .  

b  The  arch i tectu re  of the  system  i s  g i ven  by the  des ign .   
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Annex E  
( in formative)  

 
E lectric power systems 

E.1  Example of measuring  and  protection  relay system  

This  appl ication  i s  an  example  taken  from  Japan  of a  s ing le  channel  system  for a  l ow demand  
mode of operation  wh ich  is  used  to  ach ieve  h igh  safety levels  and  h i gh  re l i ab i l i ty i n  
accordance  wi th  the  i ndustria l  s tandards  for e lectric power systems  l isted  i n  C lause  E. 2 .  

The  measuring  and  protection  re lay i s  an  equ ipment wh ich  issues  con trol  s ignals  so  that 
detected  abnormal  cond i tions  such  as  a  short-ci rcu i t to  g round  i n  power equ ipment,  a  
transformer i nsta l l ed  i n  e l ectric power systems,  a  power l i ne,  or a  substation ,  can  be  qu ickly 
(for example,  20  ms)  separated  from  other heal thy parts .  Reducing  the  damage  to  the  
equ ipment i s  i nd ispensable  to  a  stable  operation  of an  electric  power system .  

E.2  Industrial  standards  

I EC 60255-1 ,  Measuring relays and protection equipment – Common requirements 

JEC 2500,  Protection relays for electric power systems 

E.3  Safety requirements  for the system  – example 

A safety related  system  having  a  SI L  3  ( I EC 61 508  (a l l  parts))  wi th  ri sk reducing  measures  
based  on  risk assessment has  been  developed .  

E.4 Safety measures  for the  reed  swi tch  device  – example  

E.4.1  Usage condi tions  of end-user 

The arch i tecture  of a  measuring  and  protection  re lay system  is  g i ven  i n  F igure  E. 1 .  
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Figure E.1  – Arch i tecture of a  measuring  and  protection  relay system  

Based  on  the  fo l l owing  techn ical  i n formation ,  reed  swi tches  are  used  for the  con tacts  of tri p  
command  reed  re lays  i n  measuring  and  protection  re lays  designed  for e l ectric power systems:  

– envi ronmenta l  cond i tions  for reed  swi tches’  use:  operation  at h i gh  speed  wi th  h i gh  contact  
re l i ab i l i ty i s  requ i red  s i nce  poor con tact causes  a  dangerous  fa i l u re,  and  a  making  
capaci ty of several  1 0  s  of A is  needed :  

•  vi bration :  accord ing  to  I EC 60068-2-6;  

•  shock:  accord ing  to  I EC 60068-2-27;  

•  impu lse  vol tage:  3  000  V between  con tacts,  4  500  V between  i npu t  and  ou tput  wi th  

1 , 2  ×  50  μs  waveform ;   

•  ambien t temperature:  0  °C  to  +40  °C;   

– through  a  LAN ,  a  PC  i s  u ti l i zed  to  supervise  the  operating  state  of measuring  and  
protection  relay equ ipment,  and  the  re lay i s  replaced  when  necessary;  

– proof test period :  dependent on  the  users,  the  proof test  cycle  can  be  6  years;  

– preventive  main tenance:  under cons ideration .  

E.4.2  Usage conditions  of the  reed  switch-device  

Usage  cond i tions  are  speci fied  as  fo l l ows:  

– Swi tch ing  l oad :  the  h i ghest contact  re l i ab i l i ty and  qu ick response  are  requ i red  s i nce  a  poor 
con tact causes  a  dangerous  fa i lu re:   

•  operati ng  time:  less  than  5  ms;  

•  l im i ting  making  capaci ty:  1 0  000  times  wi th  1 1 0  V DC,  1 5  A,  5  ms  max.  L/R  ≦  5  ms;  

•  l im i ting  breaking  capaci ty:  1 00  000  times  wi th  1 1 0  V DC,  0 , 3  A,  L/R  =  40  ms;  

NOTE  Contact rati ngs  are  accord i ng  to  I EC 62246-1 -1 : 201 8 ,  D . 2 . 1 2 .  

– Diagnostic  coverage  for reed  re lays:  au tomatic  mon i toring  function  us ing  a  processor.  

The  con trol  ci rcu i t  of a  reed  swi tch  in  a  measuring  and  protection  relay is  shown  i n  F igure  E. 2.  
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Figure E.2  – Control  ci rcu i t  of a  reed  switch  in  a  measuring  and  protection  relay 

E.5 Example of the calculation  of fai lure rates  for the reed  switch-device  

The fi el d  fa i l u re  rates  are  provided  i n  use.  The  example  of the  fi e ld  fa i l u re  data  based  on  the  
cond i ti ons  accord ing  to  C lause  E .4  i s  shown  i n  Table  E. 1 .  

Table  E. 1  – Fai lure  rates  of reed  relays  in  a  measuring  and  protection  relay system  

Symbol  Rel iabi l i ty data  F ield  fai lure  rates  

λ
s
 Safety fai l u re  rate  (1 /h )   9 , 9  ×  1 0 - 1 0  

λ
D2

 Dangerous  fai l u re  rate  （ 1 /h ）  1 , 9  ×  1 0 - 9  

NOTE  1  The  fi l ed  fai l u re  rates  and  fa i l u re  mode  databases  are  accumu lated  resu l ts  of 2 1 , 2  ×  1 09  component  
hou rs  of fi e l d  data.   

NOTE  2  The  accumu lated  operati ng  t ime  i s  1 1  ×  1 2  ×  24  h  ( from  2004  to  201 5,  24  hou rs  a  day).  

 

E.6  Example of classification  of involved  groups for responsibi l i ty 

An  example  of class i fication  of i nvolved  groups  for responsibi l i ty i s  g i ven  i n  Table  E. 2.  
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Table  E.2  – Possible  sharing  of responsibi l i ty 
on  a  measuring  and  protection  relay system  

Feature  Manufactu rer 
of the  

reed   swi tch  

Manufactu rer 
of the  

reed   relay 

Manufacturer 
of E/E/PE  
systems  

accord ing  to  
IEC  61 508  

Manufacturer 
of the  

equ ipment  

Owner/ 
user of the  
equ ipment  

Operator 
of the  
equ ip-
ment  

Maintai -
ner of the  

equ ip-
ment  

Reed  swi tch   
standard  

yes  yes  no  no  no  no  no  

Component   
s tandard  a  

yes  yes  no  no  no  no  no  

Arch i tecture  b  no  no  no  yes  yes  yes  yes  

Control  
ci rcu i t  

no  no  yes  no   no  no  no  

Proof test  no  no  no  no  no  yes  no  

Repl acement 
cycle  

no  no  no  no  no  no  yes   

a  The  con tact  rati ngs  of reed  swi tches  s tandards  are  avai l able.  Contact  rati ngs  are  speci fi ed  by the  
manufacturer of the  measu ring  and  protection  relay.  

b   The  arch i tectu re  of the  system  i s  g i ven  by the  design .  The  owner/user,  operator and  main tai ner have  to  
ensure  that  the  g i ven  safety s tandard  has  not  changed .   
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Annex F  
( in formative)  

 
Rai lway appl ication  

F.1  Example of automatic  train  control  (ATC)  system  

This  appl ication  i s  an  example  taken  from  Japan  of a  two-channel  system  for a  h igh  demand  
or con tinuous  mode of operation  wh ich  is  used  to  ach ieve  the  h i ghest safety l evel  and  h i ghest 
re l i ab i l i ty i n  accordance wi th  the  group  safety standards  for ra i lway s ignal l ing  systems  l i sted  
i n  C lause  F. 2 .  Th is  au tomatic  train  con trol  (ATC)  system  supports  an  emergency brake  
appl ication  i f the  perm iss ible  speed  i s  exceeded  by e lectric  tra ins .   

The  au tomatic tra in  con trol  system  requ ires  accurate  subsystems  as  a l l  the  operati ng  actions  
are  under the  control  of the  system .  That i s  true  not  on l y for the  system  i tsel f bu t  a lso  for the  
ou ts ide  data  that wi l l  make  i t  safe.  Th is  i ncludes  the  speedometer system ,  the  local i zation ,  the  
d ynam ic and  s tatic characteristics  of the  train ,  and  l ine  data.  The  system  avai l ab i l i ty i s  a lso  a  
dom inan t factor,  so  there  wi l l  be  no  d ramatic change  i n  the  fa i l -safe  l evel  wi th  a  degraded  
mode.  

F.2  Examples  of group safety standards  

I EC 62278,  Railway applications – Specification and demonstration of reliability,  availability,  
maintainability and safety (RAMS)  

I EC 62425,  Railway applications – Communication,  signalling and processing systems Safety 
related electronic systems for signalling 

National  s tandards:  The seventy-first article,  Shinkansen super-express Bullet train  structure  
regulation  (Automatic train control equipment)  

F.3  Example of safety requirements  for the system  

The ATC system  is  a  requ i rement i n  J apanese  national  s tandards.   

A safety re lated  ATC system  having  a  SI L  4  wi th  ri sk reducing  measures  based  on  risk 
assessment has  been  developed  accord ing  to  I EC  62278  and  I EC 62425.  

F.4 Example of safety measures  for the reed  switch-device  

F.4. 1  Usage condi tions  of end-user 

The arch i tecture  of the  au tomatic tra in  control  system  is  shown  in  F igure  F. 1 .  

Based  on  the  fol lowing  bas ic techn ical  i n formation ,  reed  swi tches  are  used  for the  contacts  of 
reed  re lays  for use  i n  emergency brake  appl ications:  

– Envi ronmental  cond i tions  for reed  swi tches ’  use:  the  reed  re lays  are  cons idered  as  a  
two-channel  (regu lar brake  and  emergency brake)  system  wi th  two  contact pai rs  
connected  i n  series  to  avoid  the  risk that contact  weld ing  wi l l  cause  a  fa i lu re  to  open :   

•  vi bration :  accord ing  to  Category I ,  C lass  2  of I EC 61 373: 201 1 ;  

•  shock:  accord ing  to  Category I ,  C lass  2  of I EC 61 373:201 1 ;  

•  EMC:  speci fied  test  l evels  (accord ing  to  I EC 61 000-4  (a l l  parts)) ;  

•  ambien t temperature:  –1 0  °C  to  +60  °C.  
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– Proof test period :  several  t imes  a  year by users .  

NOTE  1  To  prove  the  qual i ty of reed  re lays  i n  ra i lway app l i cations,  operati ng  vol tage,  re lease  vo l tage  and  con tact  
res i stance  are  confi rmed  accord ing  to  the  peri od ic  proof tests  by end -users .  

– Preventive  maintenance:  the  au tomatic train  con trol  system  is  replaced  wi th in  1 0  years  to  
1 5  years .  

NOTE  2  Based  on  the  report  for main tenance  cycle  of rai lway s i gnal l i ng  devices,  201 1 -J une,  J apan  Association  of 
S i gnal  I ndustri es  

 

NOTE  Based  on  the  arch i tectu re  of ATS  & ATC Rai lway s i gnal l i ng  equ i pment,  Apri l  201 2 ,  J apan  Rai lway 
E lectri cal  Eng i neeri ng  Association .  

Figure F . 1  – Arch i tecture of the  automatic  train  control  (ATC)  system  

F.4.2  Usage conditions  of the  reed  switch-device  

Usage cond i tions  are  speci fi ed  as  fol l ows:  

– swi tch ing  l oad :  1 00  V DC,  230  mA,  L/R  =  1 5  ms  i nductive  load  wi th  varistor;  

NOTE  1  The  con tact rati ngs  are  accord ing  to  I EC 62246-1 -1 : 201 8,  D . 2 . 1 0.  

NOTE  2  n
op
:  usage  rate  of 360  days/year,  1 2  h /day,  20  operations/h ,  l ess  than  1 00  000  operati ons/year.  

– fai l u re  modes  such  as  the  d isconnection  of the  re lay coi l ,  a  cable,  a  power suppl y,  etc.  are  
taken  i n to  cons ideration ;  when  the  ou tpu t re lay i s  not magneti zed ,  i t  i s  cons idered  as  a  
safe  fai l u re;  

– d iagnostic coverage  for ou tpu t incl ud ing  reed  swi tches:  the  operating  s tatus  i s  mon i tored  
con tinuousl y by CPUs  and  the  fa i l u re  i n formation  of the  system  is  recorded  on  a  paper 
tape.  

NOTE  3  90  %  to  99  % ,  i nd i rect  mon i tori ng .  

The con trol  ci rcu i t  of reed  re lays  in  the  ATC system  is  shown  i n  F igure  F. 2 .  
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Figure F .2  – Control  ci rcu i t  of reed  switches  i n  the  ATC  system  

F.5 Example of calculation  of fai lure rates  for the  reed  swi tch-device  

The fie ld  fa i l u re  rates  are  proved  in  use.  The  example  of the  fie l d  fa i l u re  data  based  on  the  
cond i ti ons  accord ing  to  Clause  F. 4  is  shown  in  Table  F . 1 .  

Table  F .1  – F ield  fai lu re  rates  of reed  relays  in  the  ATC  system  

Symbol  Rel i abi l i ty data  F ield  fai lure  rates  

λ
s
 Safety fa i l u re  rate  （ 1 /h ）  1 , 1 7  ×  1 0 -9  

λ
D2

 Dangerous  fa i l u re  rate  （ 1 /h ）  l ess  than  2 , 9  ×  1 0 -1 0  

SFF  Safety fai l u re  fracti on  99  ％  

NOTE  1  The  fi l ed  fai l u re  rates  and  fai l u re  mode  databases  are  accumu lated  resu l ts  of 1 , 7  ×  1 09  component  
hou rs  of fi e l d  data.  

NOTE  2  The  accumu lated  operati ng  t ime  i s  1 1  ×  1 2  ×  1 2  h  ( from  2004  to  201 5,  1 2  hou rs  a  day).  
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F.6 Example of classification  of involved  groups for responsibi l i ty 

An  example  of class i fication  of i nvolved  groups  for responsibi l i ty i s  g i ven  i n  Table  F . 2 .  

Table  F .2  – Possible  sharing  of responsibi l i ty on  reed  relays  in  the  ATC  system  

Feature  Manufactu rer 
of the  

reed   swi tch  

Manufactu rer 
of the  

reed   relay 

Manufacturer 
of E/E/PE  
systems  

accord ing  to  
IEC  62425  

Manufacturer 
of the  

equ ipment 
(mach ine)  

Owner/ 
user of the  
equ ipment 
(mach ine)  

Operator 
of the  
equ ip-
ment 

(mach ine)  

Maintainer 
of the  
equ ip-
ment 

(mach ine)  

Reed  swi tch  
standard  

yes  yes  no  no  no  no  no  

Component  
s tandard  a  

yes  yes  no  no  no  no  no  

Arch i tecture  b  no  no  no  yes  yes  yes  yes  

Control  
ci rcu i t  

no  no  yes  no   no  no  no  

Proof test  no  no  no  no  no  yes  no  

Repl acement 
cycle  

no  no  no  no  no  no  yes   

a   The  con tact  rati ngs  of reed  swi tches  standards  are  avai l able.  The  B
1 0D

 va l ue  i s  speci fi ed  by the  
manufacturer of the  reed  re lay.  

b  The  arch i tectu re  of the  system  i s  g i ven  by the  des ign .  The  owner/user,  operator and  main tai ner have  to  
ensure  that  the  g i ven  safety standard  has  not  changed .   
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