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1ISO 13849-1&(& 2

= YINDITEEH, FlH AT LDRZEEES (SRP/CS)DFHET R UHE D=
DRACET AL ELERBEHREVEHICOVLTHRE

» 34TBLIE - BEDREEWBIAE. T2EH. RELE. BE) (CETLHH
1%

» L RABELTEET TOFHIE AT LDLEHEEDXITEENIL. SBYDLANILD
5N —DIIRYDITENT, ZNIENTH—TIUALAR)L PLEFEIENS, _0)/\
TH—XALAN)LIE, PRH, (B BFE A=Y D ERAIMER EHEEDRZET
END

&2 INTA—=TIALRI)

PL HEFEEBEBA-YDORKRARERED FHHEE
(PFHL) [1/h]
a 105 < PFH, < 10°
b 3x10° < PFH, < 10°
Cc 10% = PFH, < 3x10°
d 107 < PFH, < 10°
e 10° < PFH, < 107
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» HETEEXEL. MDD ERMLIZPLOEBEEZRZICT =02, CORKRTIE, #5
EDHRARERUVEEEH T COREREDEH K I-EBENFBIZEDICHER
F1EBT 5. COREFEIE.5BYDLRILDSED—DIZIRY B IFoN., ENIEHT
I31).B, 1,2, 3, 4L EIEN B

s FRAINDFNEH AT LDREEEE

- RELE (BIAX. MFRERERKE. 1020V 0%E) . EXMBRAGRER
EWBIZAIX, LBH—TV). EHBRMNEE
- flE =y (FIZ X, FlEEEEDREI =y, T2, BERGL)
- BIAFIEER (BIZIE. JL— /NILTRE)
= P HIEFEDHEWEEIZE A
- BGIREAEE (BAE, DSEFERAEE. RIZEBNT7RUS—R)
- BLEFAOEMEE (BIZ X, SEREW. DRI, JL i)

4 2016/11/18  Presentation TOV Rheinland A TUVRheinland®

Genau. Richtig.



1ISO 13849-10) N 7E ]

3t

= 19994118  F1RFET
= 20065F11H  ZFE2fRFEAT
= 2009494 IEE525% (Corrigenda) #1T
= 2011441 IEC 62061L D EERETFICAN, F2kRELYI—HF—TL KR
—[ZF B=6DHRTE GEFMHFEIT) &RTE
(=T MMNREMAGN L BRELOIKTH-HDEFHREITTER)
- 201111 AE9RIWGEY., ISO 13849-11BF#I-xt 3 B A MEERAA
= 2012578 B#E1ZRITTHANWIP+CDAFIT, 108 I12&KEE
- 20131 A% 12[BIWGTCDIZX 9 5aAVMEZER T . CODVFEITF S
- 201453 AE 16[EIWGTCDVIZx{ 9 HaAMEER T . FDISEITF S
= 20149 A 1B#DFDIS(1ISO13849-1FDAM1) 1T

= 20154108 I1SO/TC199FE R K= TISO/IEC17305MDFAF P IE AVRE RV
1ISO13849- 1D FHAHAREXR T IERDFEITERTE

= 20155128 EE3MFEIT (B2hRICEMIZMELT)
- 201641 A LYEIZRIT TEERIR (WDD )
5 2016/11/18  Presentation TUV Rheinland A TUVRheinland®

Genau. Richtig.



1ISO 13849-10) B E R #&

= |SO 13849-2: 2012 Safety of machinery — Safety-related parts of control
systems — Part 2: Validation
- JISHEE
= |SO 12100: 2010 Safety of machinery —General principles for design — Risk
assessment and risk reduction
- JIS B9700:2013
» |ISO/TR 22100-2:2013, Safety of machinery — Relationship with ISO 12100 —
Part 2: How ISO 12100 relates to ISO 13849-1
» |ISO/TR 23849, Guidance on the application of ISO 13849-1 and IEC 62061 in
the design of safety-related control systems for machinery
= |EC 62061: 2012 Safety of machinery — Functional safety of safety-related
electrical, electronic and programmable electronic control systems
- JIS B9961: 2008+3:B##1:2015
= |EC 61508 series (part 1 to 7):2010 Functional safety of
electrical/electronic/programmable electronic safety-related systems

- JIS C0508 !)—X (/N\—k1/57): 2012/2014/2014/2012/1999/2000/2000
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s HEBEA (8%8) BER/NIT+—IVAURILPLIORTE
= [f{EEB (%) JOVvIAYYRRUVREEEIOAVIZATI I
- fEE®EC (%) E—a R—RUrOMTTFEDOEHE X (XEFE
s HEED (B8%) FyoRILTEOMTTF ZRES-HOHENLH
s HEBE (3%F) BRRUE S1—IILOZEHTEE(DC)DREY
 EEF (%) HERESECCHDREREY
= fiiEREGC (BF) JATITAVIHE
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9

FICHRIEDBEL ., HERVFRAETICES
- ISO/TR 13849-100M & LE .
- 1SO 12100:2010M F 17 (ISO 12100-1, -2, ISO 14121 DEEHZ ) .
- ISO/TR22100-2M %47 (1SO 12100 D B %)
- ISO/TR 23849M %17 (IEC 62061 DEH%R) .
- |IEC 62061:2012M F1T* .
A,
*21.1kR IEC 62061:2005+AMD1:2012
1.2k IEC 62061; 2005+AMD1: 2012+ AMD2: 2015

=GR BZMAGE, BRELLITITH-HDEMERELIZRTH S,

LURREHIIRTOEERZERRBLTLSDIT
TlEHBYFEEA.
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3E
s BNENT-EE
- 3.1.38: high demand or continuous mode/ &8 E X [L:EHEE—F
- HE:IEC 62061:2012, 3.2.27{&1F
- 3.1.39:proven in use/Ef&EIZ L5 F A
- W IEC 61508: 2010, 3.8.18{81F
= BIEN-EEB R URE
- RL(EFRK2)IZTop (AU R—R D 10%H IR BB E I FE S FE TOHFE )
Z B0

- WEECITXAE M STEHHY(HC.3) Tyaq = 2100
Table 1 {continued)

S){::nb | I Description Definition (‘)r occur- Dp
rrrrr tion rence
SIL Safety integrity level Table 4
SRASW Safety-related application software 1.6.3
] | o S
SRESW Safety-related embedded software 4.6.2 B R | - ,-IK_? > I~ 0) 10(y b‘f‘ @ﬁ“
SRP Safety-related part General 10D E’

SRP/CS | Safety-related part of a control system 311 m EE E l:é i_csw $ w -U- ’ra} b&
" ssontime faz N, 0D 15 E 8 E1 3

Tiop Mean time until 10 % ofthe components fail dangerously Annex C
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4%
= 4528 MTTFg
= &4 (IBRS) DX 1 DABZTRIEICT 570 (hTIJATMTTF,Z25005FF T
[CTESREEDEH) Z AR E2B5%ITERE
For each SRP/CS (subsystem) according to Table 5, the maximum value of MTTF, for

each channel is 100 years. For Category 4 SRP/CS (subsystems) the maximum value of
MTTF, for each channel is increased to 2 500 years

= [fifEEK. RK.LICMTTF,: 110-2500&F% &0
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ISO 13849-1MZEEH — 3 (2)

= 4555 #HREBM Description of the output part of the SRP/CS by category
- 6.221 {ET—FTIVFVY— DI DABTERAIEIZT LH=0HI,
- JFEEZEHIBR
SEER AR DEATHIRRERENSEL DD, XITFATCHRIEICE > TRES
N55E. SRPICSOLREBEEDN/INTA—T U R(E, PLrOEBMERLELIZH
TIAVICKOTIEFTERSNSGEZEENH D,
- UT4558ELTER

If for mechanical, hydraulic or pneumatic components (or components
comprising a mixture of technologies) no application—specific reliability data are available,
the machine manufacturer may evaluate the quantifiable aspects of the PL without any

MTTF-calculation.

W, HE. ZESATEREET 2N EWNGES . PLEMTTF DT E &
LIZIRETES
- R7DIEM
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ISO 13849'10)%En\\ e 3 (3)

Table 7 — PL and PFHp as worst case estimation based on category, DCayg, and use of well-
tried components

PFHp (1/h) Cat.B Cat. 1 Cat. 2 Cat. 3 Cat. 4
PLa 2*10-5 . 0 O 0 o
PLh 5*10-6 . o 0 o o
PLc 1,7%10-6 - r o1* 0 o
PLd 2,9%10-7 - - - « 1% o
PLe 4,7+10-8 - - - - + 1%
. Applied categoryis recommended.

0 Applied category iz optional.
Category is not allowed.

1# Proven in usze (see 3.1.39) or well-tried [confirmed by the component manufacturer PL 4
to be suitable for the particular application) components and well-tried safety principles

st be used.
¥ Well-tried componentz and well-tried safety principles must beuzed. 2 = 1
For safety-related components that are not monitoredin the process, the T10d value can be b 2
determined based on proveninuse data by the machine manufacturer. Z
c M3
d
: N
I I I | I I

Cat, B Cat, 1 Cat, 2 Cat, 2 Cat, 3 Cat, 3 Cat, 4
DCggnone  DCypnone DGy low  DCu medlum  DCyp low  DCyy medlum DG, high

Key

PL  performance level

1 MTTFp of each channel =low

2 MTTFp of each channel = medium
3 MTTFp of each channel =high

Figure 5 — Rel ationship between categories, DCavg, MTTFp of each channel and PL
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ISO 13849-1MZEEH — 3 (4)

» 4628 TEEEHAAVINIIT (SRESW)
- SRESWOERZH-LTULVEWLWIVR—RUMDIZE DB
For components for which SRESW requirements are not fulfilled, e.g. PLCs

without safety rating by the manufacturer, these components may be
used under the following alternative conditions:

- the SRP/CS is limited to PL a or b and uses category B, 2 or 3;

- the SRP/CS is limited to PL ¢ or d and may use multiple components
for two channels in category 2 or 3. The components of these two
channels use diverse technologies

ATIVIUZIEFERATEEL
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5E X

EHERe

= RS MBI O R EHEER UV Z DY A el sE L E R iR
» RO REMEERUVLREBEENTA—FDEREEEZRT EERIE
DIEE (SHRK:1SO 12100-1, -2 =>ISO 12100:2010)

SF3hR

Table 8 — Some International Standards applicable to typical machine safety functions and

certain of their characteristics

15 2016/11/18
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This part of ISO 13849

Safety function/ Requirement(s) For additional infor-
characteristic | Thispart of ISO 13849 180 12100:2010 mation, see:
Safety-related stop 5.2.1 3.28.8,6.2.11.3 IEC 60204-1:2005, 9.2.2,
function initiated by 9.2,5.3,9.2.5.5
safeguard a 1SO 14119
[SO 13855 % 2 ,ﬁ
Manual reset func- 5.2.2 — 1EC 60204 . i . i .
; Table 8 — Some International Standards applicable to typical machine safety functions
tion 9.2.54 . : I
and certain of their characteristics

Start/restart func- 5.2.3 6.2.11.3,6.2.11.4 1IEC 60204 — "
tion 9.2.51,9.2. Safety function/ equirement(s) For additional information,

characteristic 1SO 12100-1:2003 |1SO 12100-2:2003 see:

Safety-related stop 521 3.26.8 4.11.3 IEC 60204-1:2005, 9.2.2,
function initiated by 9253,9255
safeguard 2
Manual reset function 522 — — IEC 60204-1:2005, 9.2.5.3,
9254

" 523 — 4.11.3,4.11.4 |IEC 60204-1:2005,9.2.1,
Start/restart function 9251 9252 926
Local control function 524 — 4.11.8,4.11.10 |IEC 60204-1:2005, 10.1.5
Muting function 5.25 — — —

A TUVRheinland®
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6F NTIYEBEF YU RILDMTTR,, DC,,, kU CCFDE %R
=6.2.5 A731)2
» TREEDIREICRET DER DAL (PLr=d&PLr=cLA FIZKYELGSHEXK)
» PLr=Cc& T:
- AIRETHAHZE . COH AN (OTE)FZ &SRB IRELGITNIEGLEL, [EE
MNRESNLSET. RERBEMFLLZ TN IEGESL0
- SR AIEELRIGE S . B A (OTE)FXBEEH T ST THRDGZELHD
= PLr=d:
- COE AN (OTE)IFEELBRESNSIETHIFINLILTEKEZREBILETA
Ay A
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= 6.2.7 h7T 14
= Notel(AT3 DEEN) DIEIE

Category 4 system Category 4 system ATIVAD VAT LIZIE
behaviour is characterized behaviour allows that RDEEMNEFEEIND,

by

continued performance of when a single fault occurs BE—[EER4FR., T&H
the safety function in the  the safety function is RENFEIZE <,

presence of a single fault, always performed,

detection of faults in time  the faults will be detected [EZE(X. TEHEEENDE L
to prevent the loss of the  in time to prevent the loss Z#[hILT B 1=8H(Z. B

safety function, of the safety function, BRSNS,
the accumulation of accumulation of KEHEEEDEREZEE
undetected faults is taken undetected faults is taken 9 %
Into account. Into account.
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» 12D{EIE
- L1-O1fE. L2-O2f8 B UL1-L2fB D iR (m,c) MEHRIZE T (FREEETIE)

- BEREZTRIERE. ATIISDEET —FTI/FvIVLEVBSHERERT
53k

. m
; . _
1 — L1 im 01
c F2hR
|
i DL 'm <™
I m L i o2 I L1 in | O
c|
/ T ]
12 m L2 i 02
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fEEA BERNITA—TUALANJLPLIDRE
n A1 BR/INTH—IUVALARILPLIDRE
- BI1BEITEEEMIEM
- PLrz R1E5 77 EmIL5EH| TIEZELY
- CHETERINAPLIIKAITRELIGEERLHIENDHD
- FE2EEMDIELE
- YRITRRAVREFERAL TGN, (VRITERAAVMNE. ERTHRE
HEEDERERIDIKRERBTET 5, DHIR)
- FALDERBANIRITSTMBT SI~NER

{BLI1.2T"risk graph method (see Figure A.1)"ELVSREEIZFERINTLY
%
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" A22 FERIE~NDREBHERV/IXIERZFHFLRUF2
» FI/F2:ERIC DOV TR I IN=FAEREZE TR ZTHIR. L TORBIZER
- HEMNISFICIEZEBZ H=>F2MNEFLLY
- BRESN-ZREBRNEERBDL20% 823 "M DHEEMNISH(C1EFEE
2T NIEF1IFEATELLY

H & :1ISO/TC199/WG8 N119
Emergency Stop Devices - (WG-2010.03 rev.2_EN)
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ISO 13849-1NDEE R — 6(3)

= A.2.3 Possibility of avoiding the hazard event P1 and P2 and probability
of occurrence

=> |HA.2.3%A.2.3.1 Possibility of avoiding the hazard &A.2.3.2 Probability of occurrence
of a hazardous event|Z%Z]|

= A23

- A23.1EA2 32l ADHMAEHLEMN/NTA—E P
- P17 ER BRRENREL T, ERZEETINIEEDOMRZEZICERT 57-HD
REMEENFET HEET (EELL)
- P2OOZEIREMHELE
- P2 should be selected if there is almost no chance of avoiding the hazard.

- if there is a realistic chance of avoiding a hazard or of significantly reducing its effect;
otherwise P2 should be selected.

= A23.1
- |HA.2.3%{&1F
= A2.3.2

- AEOEBMEAMTHIBIEICED
- BUGREERSIHONTOEDIIHFEMNZLL
- EHEET 2. AFEOEBTOTILTUNDBEZELCEEETLERRIED
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ISO 13849-1DEER — 6(4)

= A.3 Overlapping hazards #r#R &0
- ETORKRFFEDERIFEFRIXBRRELLTEET S
- ERIRITERICFEE T HSENTES
- BICRAFICEETIERERVILERRIRERDHAE 1 (combination of directly
linked hazards which always occur simultaneously)l&!) RV Ri&Y T A& &1
TS CENEFELL
= {5l
- 1. FEORyh: FELEDFEIEX“combination of directly linked hazards”
- 2. AR OORyEAIFEIL TWLWSARY ML ENENDARYAIFI R EZZS
- 3. DRYTRAAVNDEER . VIVEV T RFEHDODA—R)—T—JILEITUE
DU RFIIAMNEBZDIENTED
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4

fEEC E—a R—RUrDOMTTFEDEFE X IXEE
= %C.1,2,3,4,5,6, TMOMTTF,. B10,M:&/0-181E

SB3hR

Table C.1 — International Standards dealing with MT TFp or Bgp for components

- SN 29500 (all parts), Failure rates of components

Basic and well-tried safe-

Typical values:

ty principles according to | Relevant standards MTTFp (years)
180 13849-2:2012 Biop (cycles)
Mechanical components Tables A.1 and A.2 — MTTFp = 150
Hydraulic components with Tables C.1 and C.2 150 4413 MTTFp = 150
top2 1000 000 cycles per
year
Hydraulic components with Tables C.1 and C.2 150 4413 MTTFp = 300

1000 000 cycles per year
> nop 2 500 000 cycles per
year

23 2016/11/18
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Table C.1 — International Standards dealing with MTTF; or 3,54 for components

Basic and well-tried safety
principles according to
1SO 13849-2:2003

Other relevant standards

Typical values:
MTTF , {years)

By, (cycles)

Mechanical components Tables A.1and A.2 —_ MTTF, =150
Hydraulic components Tables C.1and C.2 EN 882 MTTF, =150
Pneumatic components Tables B.1and B.2 EN 983 B,,4=20000000
Relays and contactor Tables D.1and D.2 EN 50205 B,,4= 20000 000
relays with small load IEC 61810

(mechanical load) IEC 60947
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fEED FyRILZEDMTTF, ZRIEAT-ODEZMLAE

« RD.1IOMTTF,DIEIE

_%;)lﬂﬁ Table D.1 — Example of the parts list of a circuit board
Uni MTTFp ; 1/MTTFp; | ny/MTTFp;
. nits
j Component n; typical typical typical
i vears 1/year 1/year
1 |Transistors, bipolar, low power (see Table C.2) 2 11 416 0,000087 6 | 0,000 1752
2 |Resistor, carbon film (see Tahle C.5) 5 228 311 0,000 004 4 | 0,0000219
3 |Capacitor, standard, no power (see Table C.4) 4 114 155 0,0000088 | 0,0000350
4 |Relay, value given by the manufacturer 4 315,7 0,0031676 | 0,012670 3
(B1op = 20 000 000 cycles, ingp = 633 600 cycles per
year)
5 |Contactor, value given by the manufacturer 1 31,6 0,0316456 | 0,0316456
(B10p =2 000 000 cycles, n,, = 633 600 cycles per year)
X /MTTFpj) 0,044 548 0 %2%
MTTFp=1/%(n /MTTFp;) [years] 22,4
Table D.1 — Exam ple of the parts list of a circuit board
Units MTTFdJ 1II\IITTFdJ njllVITTFdJ
/ Compenent 7y Worst case | Worst case | Worst case
years 1tyear 1/year
1 | Transistors, bipolar, low power (see Table C.2) 2 1142 0,000 876 0,001 752
2 | Resistor, carbon film (see Table C.5) 5 22831 0,000 044 0,000 219
3 | Capacitor, standard, no power (see Table C.4) 4 11 416 0,000 088 0,000 350
4 | Relay (with small load, see C.2) 4 315,66 0,003 168 0,012672
(B4 = 20 000 000 cycle, i, = 633 600)
5 | Contactor (with nominal load, see C.2) 1 31,57 0,031 676 0,031 676
(Bygq = 2 000 000 cycle, 1., = 633 600)
Z(nJ /M'I'I'Fdj) 0,046 669
MTTF = 1/ 501 MTTF,)  [years] 21,43
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1ISO 13849-1DZEE S

" fHREE HKERVED1—ILOD

g (DC)D RiFY

» RE.LDBIE(HHEEDRKY. F£5,61TH DHIKR)

§3HE§E.1EFH D= DHIZE

Qutputdevice

Monitoring of outputs by one channel without dynamic test

094 to 99 % depending on how often a
signalchange is done by the application

Cross monitoring of out puts without dynamic test

096 to 99 % depending on how often a
signalchange is done by the application

25 2016/11/18 Presentation TUV Rheinland

logic and test equipment

Cross monitoring of output signalswith dynamictestwithout detection |90 O
of short circuits [for multiple 1/0)
Cross monitoring of outputsignals and intermediate resultswithin the |99 %
logic (L] and temporal and logical software monitor of the program
flow and detection of staticfaults and short circuits [for multiple I/0) %2“&
Redundant shut-off path with monitoring of the actuators by logic and |99 24 Output device
test equipment M onitaring of outputs by one channel without dynamictest [0 % to 99 % depending on how often a signal change is
) ) - - - ) ) done by the application
Indirect monitoring (e.g monitoring by pressure switch, electrical |20 % to 99 %4, — - - - " . - -
position monitoring of actuators] Cross monitoring of outputs without dynamic test 0% to 99 % depen_dmg on how often a signal change is
done by the application
i o o4 ¢ . ; ;
Fault detection by the process 0 l/'”t‘) 99 %, ¢ Jorpes monitoring of output signals with dynarmic test a0 %
thicmeasnre byithout detection of short dircuits (for multiple 1/Q)
Cross monitoring of output signals and intermediate results |99 %
within the logic (L) and temporal and logical software
monitor of the program flow and detection of static faults
and shart circuits (for multiple 170)
Redundant shut-off path with no monitanng of the actuator {0 %
Redundant shut-off path with monitoring of one of the a0 %
actuators either by logic or by test equipment
Redundant shut-off path with monitaring of the actuators by |99 %

Indirect monitoring (e.q. monitoring by pressure switch,

80 % to 89 %, depending on the application

A TUVRheinland®
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1ISO 13849-1MZE&HEH — 10

MEEF HEREHE(CCFNDRIEY
= RE.1DEIE (53 B /FREE (< D180)

%3%—1 Table F.1 — Scoring process and quantification of measures against CCF

No. Measure against CCF Score

1 |Separation/ Segregation

Physical separation between signal paths, for example: 15
— separation in wiring/piping;

— detection of short circuits and open circuits in cables by dynamic test;
— separate shielding for the signal path of each channel;

— sufficient clearances and creepage distances on printed-circuit boards.

F2hR

Table F.1 — Scoring process and quantification of measures against CCF

No. Measure against CCF Score

1 [Separation/ Segregation

Physical separation between signal paths: 15

separation in wiring/piping,

sufficient clearances and creep age distances on printed-circuit boards.

26 2016/11/18  Presentation TUV Rheinland A TUVRheinland®

Genau. Richtig.



ISO 13849-1DZFHE & — 11

fEEGC LRATIT1vI8E

= G.3 VATITa4VIHIEZRIET HAEK

= NOTE 1D:EFE CRZEERMICH T HAEIHBROLEM)  4FB D' - DE

= NOTE 2MD:EBEE (X RTI T4y EIZEEL T, IEC 61508-2:2010, Annex FD#A
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* NOTE 2[ZPFH st & B DDCavgz it £k
- DCavg = low calculated with 60%
- DCavg = medium calculated with 90%
- DCavg = high calculated with 99%

20 2016/11/18  Presentation TUV Rheinland A TUVRheinland®

Genau. Richtig.



FED

» EIRELTRITINTLNEN., F2RRIZEFH1ORBEIYAAEED,
- 1B 11X1S0O 13849-1%7 AL AT T 5=0HIZ. FHMHLERNBEDEMELIC
ERk. BiTSNT=12 0D,

= R EEEL IR - (EE[WDERLERRE) . 201782 DWGE—T 1Y
J1&IZCDDHETFE,

30  2016/11/18  Presentation TUV Rheinland A TUVRheinland®

Genau. Richtig.



4/

Wvery much

Thank y@

BEVEDE
224-0021
BETHARXALILEA-25-2
TH/AS—kE—
Phone:045-470-1850 (£ &)
yoshihiro.sugita@tuv.com
WWwWWw.jpn.tuv.com




