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Design and Reliability Analysis of the Functional Safety Temperature Transmitter
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Abstract: To develop the safety control technology with our own intellectual property, and develop the first safety related product authenticated by the
third-party certification, the design and reliability analysis methods of the functional safety temperature transmitter are given. In accordance with the
IEC 61508 functional safety standard, and combining the features of functional safety temperature transmitter with 1oolD architecture,, the implementing
method of self-diagnostics for the transmitter is researched. In addition, the Markov model is established to quantitatively assess the reliability of
transmitter. The results of analysis show that the temperature transmitter meets the requirements of functional safety and safety integration level.
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Safety temperature transmitter with 1ool D architecture
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Fig.2 Diagnosis logic of the safety temperature transmitter

FE A/D BEHCR B B0 2 1, X A/D BLHURT D/A
BHGHATIZ W, i O A/D 040 R 4538 38 A D/A B4
ey A S AT OB A/D BT D/ A BB AT AR
I D/A FTA/D T X 8RS TRE . WA E
FAFELLT 3 AN,

O A/D 2 W, W A/D BEH, il s
R — A e, 20T A/D SR CRFE B HUk
Jei 83t T2 W D/ ABEHOR B R [, ) I 5
RN R [P A5 AR ], 20 SR 15 5 (B R R [R1ELAH [R] , D20
Sk A/D B R AR A 8 WA ) B AR AN TR], AR 2
oA,

@ D/A B W, D/A BB IZ W 7 i 5
A/ DAL B = A — AN e, 5 R MHE AT
oA, n ARG I HE 2 550, D/ A i RS O B R I R
B b BRICZAM, D/A T ELA WA B L 3 A {5
A2 T e | 4 B0 H HL AR ) — R Y Rl A R Bl 4 ol
w5 D/A R, W T HE
CHMEIGEYH 34 F 6 ] 2013 426 H

() Wkl 8 10 W7 362 A 0 0 7 A s
5852 A 1 TR U T PR T R4 A H, 92 B A
BRI AT CPU BT BS W7 LI 5 55
25 A/D R | A ) 6 0 L M 7
B SR JF R LS | 2 [ UL e, A
O 3o R 1

3 FAIEMRH

TEIT A2 A B 78 SR A W R v 2 A e Rk
L9 (safety integrity level , SIL) 1 A7 SR T (1) 4C 5 A1
{Tp P e S e AN A N e o Y e A i
— AT AT REAT B E AR AT R RE R LRE AR
FA WS FEAR B G, R REAR — 7 XU, 75 2
WOTESF LR T | N 2478k &% AR &2 W B
TR PRIELE A8 1K 4% I8 B T 2R 1 42 A e B AR 2
BT A SCHRAE T S A A SE e A R A e 4
PRI g I RE IR B 14 22 4 5 B AR S5 0, M R IE M D) g

71



R RETERZIUTNARESHN B T,%

LK R R

VEH 42 4> T g 09 T SE MR RE R Gl i — 2B 5t i 4R
BRI R SE R , IX LR AR AT -3 TE R A [R) B SR A
MR ( probability of failure on demand,PFD) K O
REORARAEREA, 22 42 58 BEVE SR R e B S ot B 2 ok
PEEORIN RS AR A B 9, [ 2 58 B A Y
e 5 % 4 K5 (safety failure fraction, SFF)
A, PRI, K o R I - 49 £ 86 2 S5HE 46 2 4
KRBT BUNE Ry Sy AT SR AL A B 2 B AR
3.1 RETXRA Markov {RE

Markov BB 2R 58 5 T AN [R] 9 22 4R 2 i i il
IR [RIIR A Z 1] (8 e 4 ok 73 B 2R B8 1 22 e, B AN AR
AT LA T (R s AY  da ] DA SA B 52 2 A 50 0 4 RS
L5 REARE LR Lool D RELLEH 12 Wil iE
15 RGN 28] P f6 5 SR A8 e R B A R A, A RLE TR T
1 W52 5 BRIV 4 5 0 TR o 2 R XL 3 25 0 T AR
e 0 BB s AT LA AT A8 52 FLAB 02 5 0 i e, AR 1R A
HA A ATIE R TAR, AL R i R AE TEC 61508-6
A TEAAIR

Lool D 1A & 45 ¥4 i B 78 2% 2% 1Y Markov IR 5%
K 3 fis . Fd BIA 3 R3S, H oK (IR
B 0) FRWHIRIEF IR FSCIRA 1) TR 2R E0R
A, FDUCIRZS 2) 2o AR A B (Y 16 K 28 ROIR 2 5 SD
FERAGIN B 1 22 4 R, SU 3o A I B 1 28 42 2k
R, DD Fe7n K il 2 1Y e B 2k 2%, DU 267 AR A 21 1y
FEBI R 0 Agy Ay Ay Aoy WA AT A R

ZspHsutipp

B3 Markov KEHEHSH

Fig.3 Markov state transition diagram
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Tab.4 SIL in low demand operation mode

SIL PFD,,, JRURS: AT AL

4 10 ~10°5 100 00 ~ 100 000
3 107 ~ 10~ 10 00 ~ 10 000

2 1072 ~1073 100 ~ 1 000

1 107! ~1072 10 ~100

X PEAR BOR FRAE AL U & e SR 3R H
T 107<0.001 04<107, At , AJ 201 1 Bof 725 36 & Fh) 22

L SR AL MRS GG R STL2 . 1ool D 1A 22 45 4y 1 B {2 i i
MEEE N 0, % 50 8RS 9k SIL2, T i I 90% <SFF<
99% 1 SFF 4 98.7% ., R, N LR 2w ik iy
BRI A DR T O 0 R E A e K

4 HFRIE

AR AR K AR R Tool D R R 25, 454 78 %

o T TP 45 0 45 R 5 o TU AR 45 4 B8 0 L D7 v

FIAAZ R E AR AR Z i XA B R AR e B d Ak

PRASE R 5 4 AR e AT 2 W, S B 1 D) Sl

TRz WT i A RS T RGER PRI AL

FMEDA 531 & RS R A A0 A8 26 48 ) 52 ol

7By JR AT RASERY ) 25 SR T S A

S &

(1] Jikfe, RoRZ. HAERARIT R SER[T]. hE %28
27224R, 2009,19(4) :159-168.

[2] PHZEH 50, R REMIIRL [ M]. dbat il HER
Rk, 2007 :36-59,68-95.

(3] EIZRF GRS KR, GB/T 20438. 1-2006 HLS/HL T/ 7] 4
BHFZEMXRGEMNIIREE S 515 —RESR[S]. dbat.
EFREL A 2006.:1-39.

(4] FEZKPu BB 87, GB/T 20438, 2-2006 HLL/HL T/
AR FEZLMCREIMRE S B2 Mo B/ BT/
AR TR M RG R EOR[S]. dbat. o = b pi i
2006 :28-51.

[5] Shishiba R. Implementation of a safety instrumented system[ C]//SICE
Annual Conference 2007,Society of Instrument and Control Engineers,
2007 :2493-2496.

[6] Goble W M, Cheddie H. Safety instrumented systems verification ;
practical probabilistic calculations[ M ]. ISA,2005 ;28 -343.

[7] Borcsok J, Schaefer P S, Ugljesa E. Estimation and evaluation of
common cause failures [ C ]//Second International Conference on
Systems, Proceedings of the Second International Conference,2007
1-41.

(8] FEI G FUih Wil 46 50 K5 2 B JR). GB/T20438. 6-2006 HL/T/HL T/ F]
G LT AR RGN YRR 225 6 #4r: GB/T 20438.2 Al
GB/T 20438.3 Y N FH 1 [ S 1. b st . v FAR o Hi AL, 2006 -
44-46.

(E#EE 69 ™)

PEREZER Ab B2 R AE BT i e | 4 45
AR L R IR RLIEEOR O — B R A A &R
e PRAEIX LU R IR B R A 50 I 52 B0 7 o A= A R 0 4 ok
R P AT 7 A BRI AT S 90, 4 DR Fb 0 R X A% P TE R
R A WIB AT RS LRI

SE 0k

[1] ASME. BPVC-TIMZE B A a2 M [ S]. 1. LRl %4t

CABIMALGEY S 34 4 6 1] 2013 4E 6 A

A STk AL, 2007

[2] JB/T 7352-2010 Tolkad #2456 R G0 H s i i [ S 1. 63T . HLAK
Tl Rt ,2010.

[3] Mkmids. dEfeshZe et Z i) AP1000[ M. dL5T. FFREH
it ,2008.

[4] AFCEN. RCC-M ¥ [ F /K A% B HLARIR 5 1 M [ S ]
¥ IR AR SCER S R4, 2010.

[5] AFCEN. RCC-E [ FEAK iR 5 s B BET T MU [ S ]
g PR R SR 2012,

73



