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PL
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Cat.| B 1 2 2 3 3 4
DC | none | none | low | medium | low | medium | high
=low 3years MTTFd <10years

_JHIN

high

=medium 10years
30years

SRP/CSs
5
PLr
4.3 A
l<
v
4.4
PL 45
— 6
—MTTFd c D
—DC E
—CCF F

none DC<60%
low 60%s DC<90%
medium 90% DC<99%

high 99% DC

MTTFd <30years
MTTFd <100years

1 (IS0 12100)
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2 1/100 for category 2,
demand rate 1/100 test rate
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MTTFd

3 MTTFd 10

7 10 MTTFd 30
7 30 MTTFd 100
1 MTTFd
PL
3 MTTFd SRP/CS
30% 1
100
MTTFd
SRP/CS
SRP/CS
MTTFd 3 MTTFd
100 SRP/CS
MTTFd

D.1

S %
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DC

7 DC 60 %

c 60% DC 90%

c 0% DC 99%

c 9% DC
1 SRP/CS DC DC DCavg
5 6 E E.Z2
2 DC 60 % 90 % 99 %
IEC 61508
DC 100 DC %

60 % 90 % 99 %

100 DC % PL
60 % DC
7 99 % DC

DC 5% 17
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CCF

3.1.6 common cause failure (CCF)

IEC 60050-191 Amd. 1 04-
23
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No. CCF Score
1 /
15
2 )
/ 20
3 /
3.1 : 15
3.2 5
4 /
(FMEA) 5
5 )
: 5
6
CCF (EMC)
6.1 25
6.2 10
Total 100
Total score Measures for avoiding CCF
65 or better Meets the requirements
ZU

Less than 65

Process failed — choose additional measures
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K1B

SWi1B
1.4 4

—1 SW2 PLC
RS
.(.:hl | ! 1 L MTTE, =30
MTT Fyy 30 d—
ch2 L =44 =L1  MTTF =67

MTTFgeny 20 20 20 67

1

MTTFy = 2{30 +6.7 - i} =208 - MTTFg=

30 6.7

099 ,06,03 09

DCayg = 42 =067 - 6%

30 30 20 20

23



K PL IEC/TR 62061-1 8.
IEC/TR62061-1:2010

o———— ™

B1: B10d=1 000 000 cycle

B2: B10d=500 000 cycle

L

K1

\
KL PFHO=231>10°1H | o

AT

¥ ;t — Q1: B10d=2 000 000 cycle
Q2: B10d=2 000 000 cycle
- 900 365 24 —
35040 Nop=35040




Bl Q1 Bl

Q1

K1

B2 Q2 B2

Q2

MTTFd B1=1000000/(0.1>35040)=285
MTTFd B2=500000/(0.1 > 35040)=143

MTTFd Q1=2000000/(0.1>35040)=571
MTTFd Q2=2000000/(0.1>35040)=571

1
MTTFchl = =190 — 100 MTTFch2 =

% 1

1

71 133 7 571

=114 — 100
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a1 01 B1 Q1

K1

B2 Q2 B2 Q2

1,2 100 100

Bl1,B2 DC 99%

Q1,Q2 DC 99%

DCavg=99%

PLe PFHd=2.47><1038 1/H

PFHd =2.47><108 2.31=<10°9= 2.70<10% 1/H PLe
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Figure G.1 - Hazardous event severity matrix —
example (lllustrates general principles only)
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A6 SIL

Cl
3 4 5 7 8 10 11 13 14 15
4 SIL2 SIL2 SIL2 SIL3 SIL3
3 OM SIL1 SIL2 SIL3
2 OM SIL1 SIL2
1 oM SIL1

OM: Other method SRECS

Cl=Fr+ Pr+Av




SIL IEC61508

Table 2 — Safety integrity levels — target failure measures for a safety function
operating in low demand mode of operation

Safety integrity | Average probability of a dangerous failure on
level demand of the safety function
(SIL) {PFD“E]
4 = 10-% to < 104
3 =104 to < 10~
2 > 102 to < 102
1 > 107 to < 107!

Table 3 — Safety integrity levels - target failure measures for a safety function
operating in high demand mode of operation or continuous mode of operation

Safety integrity | Average frequency of a dangerous failure of the
level safety function [h'")
(SIL) (PFH)
4 > 107 to < 1070
3 > 10~ 1o < 10~
2 z 107 to < 1075
1 2 105 to < 1075




SIL
PFH,,

PFHy [probability of dangerous
fallure per hour |

SRECS 1
PFH, D PFD 2
1) SIL
PFH PFH
S T 0 Ao
1 6.7.8.2 (A) (B) (C) (D1) (D2)
2) PFD  IEC 61508 SIL

SIL PFD



PFH,

SIL 3 108 PFH, 1077
SIL 2 10- PFH, 10-
SIL 1 10- PFHy, 10-

SRCF
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SRCF: Safety-Related
Control Function
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SIL

5 SIL
SRCF SIL
1
SFF 0 1 2
SFF 60 SIiL1 SIL 2
60 <SFF 90 SIL 1 SIL 2 SIL 3
90 <SFF 99 SIL 2 SIL 3 SIL 3
99 <SFF SIL 3 SIL 3 2 SIL 3
1 N+1
2 SiL4 SIL 4 IEC61508-1
3 6.7.7
(safe failure fraction)
SFF = X=X AS > ADD / S AD = ZAS DC>=xZ=Z AD /
AS ADD
AD DC

> AS

> AD

SIL



SILCL

JIS B 9705-1:1996

B SIL1

SIL
SFF
0 60
0 60 90 SIL1
1 60 SIL1
1 60 90 SIL2
60 90 SIL3
90 SIL3
1 2 JIS B 9705-1
JIS B 9705-1 60 SFF
JIS B 9705-1
2 4
90
4 90 99




PFHp
MTTFsubsystem,Ttest DC
DC ( 1
1 0 0 D
2 0 60 90 PFHp> 10°
3 1 60 90 PFHp > 2x10"’
2 60 90 PFHp > 3x10®
4
1 >90 PFHp > 3x10®
1 PFHp MTTF
SRS 1SO
13849-2 3.5
JIS B 9705-1

2 JISB9705-1 B SIL1




PFD

Tp
(T, —t) f (t)ct P P P P
PFD:jo i _ 1 [ F(t)oh::ijT (1-R(t))o|t:ijT (1-e‘ﬂt)o|t=ijT Atdt =
T, T, %o T, b T, %o T, %o
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1 2 3 4
i, | brf | brnf | L)
2 3 4 5
(1o001) (1002) (1003) (1004)
i, | b f | b f
(2002) (2003) (2004)
3/12Tp 2( P Tp)z
(3003) (3004)
24T,
(4004)
P FD 1 2 3 4
. yl XT, AT, AT,
o) 1 1002) | (1003) | (1004
24 30°T, 45T,
2
(2002) 1 2003) | (2004
34 64°T,
3
(3003) (3004)
44 45
4
(4004)




pPED=2le  %le _ppp 4 pFD,
2 2

MTTF = MTTF, + MTTF, -— 1 :
+
MTTF, MTTF,
2
PFD::&@gﬂl (27)
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(26)
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45



IEC62061

R =
| B !
! !
I 1 I
M | i
i iDel (l_ﬂ) |
i ) |
| BT
| i 2 B (Apert Apez) 12 !
| ipez (15) :
.

Apsss = (1 B)? < Apgy X Apey X Tp+ B (Apest Apez) /2 (B)
PFHDSSB: ADssB > 1h



