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Abstract - In order to find out which equipment failures were mostly contributed to
the rupture of a continuous stirred tank reactor, the sensitivity analysis was carried
out. The uncertainty of likelihood of the rupture of reactor was studied by the
uncertainty analysis. And the cost effectiveness analysis resulted in the recommendation
of the exchange with a better reliable unit if you want to maintain the process
efficiently from the view point of cost.

The uncertainty analysis showed that the likelihood of catastrophic rupture of the
reactor was distributed from 809x10* to 550x10%/year. As a result of
cost-effectiveness analysis, it was proposed to exchange the voting logic unit for a
better safer system.

Key words : Sensitivity Analysis, Uncertainty Analysis

Yz} : inwon@kkucc.konkuk.ac kr - 70 -



agal

7 ;(ﬂ Ao ut
A 2 g =
45l 24
ersl e

Al xojxl setBAE
5 = =i

s AL L e
@ 45T g8 24 Add dAd F
4897 Fe AL TIVTE HFFIH
SAH AAH &2 % ARYAT Wz
Suew AYY Aoz FRHT =9 3
4 4 Sl AgtE BEEe ne
el wgse 2AR F4sH0 o,
o AN Ftay 2 z2ad4

, B2 FAAEE X

. ool wEtA 1996 EHE 93
#HFe= FetFFoAAE PSM(Process
Management) EJJ‘i HEo] R3S
qu 7 EER Be o¥A Wk wHEe] )
bk = o1, (2. olEe $iEA Hot v
A g Aol g FHete] Al
o] Alade i HEEE Hrtske
] "ol F2 oj&xojgrt waEhA
Al&aEo] ol ALY FQ%ZE 7R
H7tg = gem A7 AL =
Hojelo] M2 E344d EXE AT

2,
o
ot
<

U A o 0 mg oot 1o
rlom

ox Mt
X
5 o

l-ﬂ——\rifim

2
J

ol

A > ¥ o2t it

=y

H2z B d7dAe FAL AAE A
doleig 7lEozste] Axgsl B3y
Arbsn wY RAZ AL Qe A

g n3g dolEg ez A

99 FaEE Bobstach

O
(E m‘o i *" k2

R

> 1o o W
é_%
o

=
2

2. ol X Hi H

-

aZE 24
%‘E £ A (Sensitivity Analysis)S 7] BA}
_’I/H_S_)\oﬂ AAHo 2 7]0;}—3}‘- 7} 2
AL 7 35S 8¢ & F Ue
ook AARAS A5 \:'/51%1_ A
3}04 Zdo dg J1gE gAE 5 A
oA M delHE B HE -‘?‘lfé
Brle] $2% ABE o] &3] wiAW
Fo d3 FEE WS wigle wela] o
7He g4y Wz 298 5 Uk
VA RE diziwige dig 9=
AL 7jRHoR ofgje} Z& Wl utetA

o .0 N
L gt
o M ¢
o}-m .J,\‘l
|

=)

ox £ & AE ol ox
e 1>

_71..

i whgrlel did N %

Axb s o} A

ol ETAE, dAuE T sl oW
T+ #@e nystd dAR e dwHgd g
(normal value)& SensFactorel &8 Y& 7t
# 2t} SensFactord 1BOE & & 714
o, 7l1EH o g 1008te #he JHXTh 7] &4t
A o dEd A%, aFlY BE JTEAMY
of 3 o] g E54dE= SensFactord] 93
s EiR=

HargddETE 49 74]*}3359@1 9
__5_05_‘ cl:‘— HLA(E)ﬂ o)
Abdel EARE
Qrop, 1ol2k3L T}

ol WANE E: AuHl
Eﬁ’ra _1_340}-031 }\416]%_ %k\?. =
(normal value)l SensFactor® J3 k3
o} A EA A gt 2Fe HA$, BE

J

o

L

o]

hu

=
My iy

=X
Aol g ol §EF Bl Wd gl 108
gach wer 102 B8 Fol ojw# ghol
A8 dolgod FEHE ¢ Ay goz
e

FHargdyE £49 A &S o) &
E5E B TANEE ngoR N2 A4
Agel AxE AAted RS 2 g2
Qrop, vetI gt

Ui EE ofdfe Hog FHHA, VHREE

Hot - FHE & °1EH3].
Q@ ropy
Sens=—10Rt (1)
@ rop.s
A7) A,
Qror, U unavailability, frequency or
individual parameter value®l
10& ¥ g
Qror. 1 unavailability, frequency or

individual parameter valuel
102 Y 3

olg|d Tig= —Er’“/l AZE Sens, Qror,
u, Qror, & T2 Y3t ¥ - B

22 EEAN 24

APE AL A §& agn AAH
A7let AAdAAEe gANA Fa% d8e &
Fatm Q. ol s NFE: AL uHe +

7288 A5E Al43 20019 124



23
o%
Lot
anA
e
=

Pz 9@ Fx9 £ zn Ay Hie
e fHPHe Hrtser) 9% _8_2‘51— Erg
o]£¥L} o] AMHE A9 3 Roz B
344 B4 (Uncertainty Analysis)e] &2 @

Azgel AN T Y

E844& H7tstr] A8

FalHojA) ol EBHAAH BEAE FYily]
ANMEe AFH JFEAH EAM(Quantitative Risk

Analysis)o] X2 o2 Fysojo} 3n, AHHFH
A¥A BAo] g & EAAA A= &
448 Frely) 98 BEEEN B4 g 9
b Beayg B4 AZH - ALY A
25 #3330, Uzx AL BEAY B4
o 223 d8g dFdd. EFgdAde] uE
Ue olf2E F 7HA 9] Wi EAsHA
Hed A HAs 74 nFol d9g= A
al7] wWEoln, T HAZE deolHe AL
Z(Confidence Level)9] #& w&oltt 9
Az A7lE ofE o8 A A% A
A7 AEEE AFoly FHEAE AWE @
7] fEFA nZge] E2A Uegd £ U

o213t o HAlo] & AV|= ﬂ M—S—
E0}717} "i$ YA, A8 -ri?ﬂi g
P ESAAde 2 zRFY 3
g 4 sttt EEAAE AFsIE %%t g
&% (probability functiom)yt EEI=TSF
(probability density function)7} 7} ZF WA

.{

AHEE T ok A Aol g FFH 9
HA4 BMo| T 7|EAM W FEY
s827 ZolxW g‘t_luuq v‘}ﬁ% Monte

Carlo ZAPLH S o] &3l EFAE S FH
gt} Monte Carlo A H S FaA 284
Ag Fusiste dye 4 7]%*}’2}91 Q%—E—
232 EE shue] vEAY
dolz F3h Yo AHE
2aad g8 [PXy). i=1, 2,++, n}7} 782
o, HiAGdTdT 7| 2AE Y] A8 E PXOE
ol &3l 3l Alm ZAFE P(TE A
gt 919 BAE v Aabsle zhzbe] 78
Aol i3 WAEBES At 7] EARG
g LARE P(TY & 27 IWE Fsd
Al B EEY FAE E‘é}-r(cumulatlve
distribution function)& Z+&3 AN F U

&, no W% F AL Az 2 P(De
B39 i/nx100%5 gtol vl vl 3
50%(median) &< n/2¥A gtelil 95% &
95/100x nA A kel ok

otefe) A& BEUTIFo] g 4

-

EHdA

KIGAS Vol.5, No.4, December, 2001

434 - 1494
BEA EAste yee dehd Aol 1
o Zgol t@ BFEE AT AG Aol
A3

o1 __Unx-p)°
flx)= P expl 257 1 @

0 =In(EF)/1.6449 (3)
M=expu) (4)

o2
E(x)=exp (Ll+7-) 5

ge] oA EFHAE A7) fEME
error factor®] gko] ¥R 3t} Error factore
B8N 2AS 55ty A& dod EF
Q@M G oln, error factors &3HA AlAbo] 2
3} 3~104to) o} ke JHI4] B AFA
£ 3~104t0]9) error factor &< U3 B
A4 B¥J ojgA MEdtex HI
ah5d ¢,

=]
-84

23. 88 -53 £4

ol &o| @ AdHA e FHd=u Ao
AH2] A A 7 Xl%%ﬂ% e dAe HEe FY
o2 EAF g TIo4] e of
e 2E %ﬂ‘:% %M«l A=, g, FY
24, ey 27 §& 2std $FS 4A
gt Yty oz sstgAeM AL Sle
AN Aarsts A wetA shA 7‘(}0}7}
2T P ot A wekN Fu W
A2 n{e 2F& HolHE 7}21; Ack. 2
A7 AND YE S HolHE JEo2
ste] A= T2 stgel ety Azd 4
qM o= FES HYAol FaHER =
gl FrtElER date] BAMEHTh %

A7k AAE daAme] WE A F - o
gepa el SABEe] o= AR F
- gasdEd BAsd FAS AR o
= AT 9949 wnt 2AsGEA A

7] fg Aolch Aol W AR F - 2
o de AR F7- dae & otdel
Hoz BEY 4 loHs),

YSYs | fwon] (6)
2

Reliability Upgrade= X, X

_72_



A& Nl e UPE L BAUY RH B A

Y,/Y, A RE7(CSTR; Continuous Stirred Tank
X, %, /0] (D) Reactor)oll cha) AT 24E Aol ol
AR AP el g =elsg

Reliability Degrade =

714,
3.1. 389

X Xo X3 22 FAAREA 1, 2 3 stk A ES AHE37] 98 wdAHdol =
o] 72 2 Bg g AtgstE ALuntega vhgrlel A
Y, Yo Yy 2 FAAER 1, 2 30 AF LAV AFudRa @ere dF
ek AALAbe] Al THHY {2 - BE4LE ¥ A3 2FHE 2
55 dol HAHCHS6) Fig. 12 dLuwreza g
71 tid FH=E e agelth AA
oo] AelM AEE X, & 1A @ Agws S AEAEA gl FF dd whg
A we B TIH Xp= 27 S X o] WAt AL antga wrgv|e HET A
£ 714 e Afse vk by o ogx AT @A G A2 dsand
2 wag 99 AojHE= stA o Agkne 2 ¥l Wi 237 dAle] A 25 o4
W7 270 e AAE oW ZHE szom 2F %Y “H water-filled sump& 9o 2
9o Ao A}, el gl WE EFES AASE 24y AF
2 omedE 1483 e mey of BURI Weole @I W (Vs Vool o)
o 3= 2o XS RESAG. d Rizgo WwH dAFdoleie 7|94
S 152 e 3R HHBBS sAHH A (pneumatic)el®™ B ®=8#&X(VLU; Voting
Ao w 7ol e A Logic Unigell X Aojgct, Re=ajdals #
- 25F ¢ 1SERGE 1¥ BARge w ST I AL T Y nE Eng 5
on 7tAo] e A of XAE w debe BWH S WH Hddo
353 99 E =3pg nd wygsyg 4 <% AdLE Z]-XJI-J 2 AAeA
o] wonl slHe] =& 3 (temperature sensing element), &% E A1)

¥l (temperature transmitter) R 2% 291X

o] L= A

3. Apajol 7 (temperatu‘r:e sw;tch 7ZFA 3 Yo =% =

AXE BE 72 2% (High-High)dlM zH%
HEE AAHAATG

AAAFANE dnHoE Tl
SEEE BEEY) 8 ol &HE ALy
FlIELD
—_—
| SRIER-
CSTR T 1 |ND'CAT|O-I|—\'SHH 4 —
TE 1 |
voTING |
e
TE 2 T 2 I—‘;r?H_H\Z 2 oUT OF 3 i
TE 3 TT 3 [-—' TSHH 3
A
INSTRUMENT Ve v________—-——____-_——___EJVU;DLT‘:_\:—G—
AR Vi1
as—{ ]
DuMP
VALVES
\__/
SUMP

Fig. 1. Line Diagram of Continuous Stirred Tank Reactor.
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Both Valves V1 and B _ 5
V2 fail to open (0.05) 25
fV V1
CCF of Valves 0,02 1 0.01 10
and V2 to open
Voting logic unit
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Temperature channel :
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6 293E-08 | 0.00 [TC 1 TC 2

7 2.93E-08 | 0.00 |TC 1 TC 3

8 293E-08 | 0.00 |TC 2 TC 3

Table 2& AES
HAGErES AAT 1£°]‘:P 248 ZAdE
AERE A& ¥rer]e FIAE ofFF
Ho@ 832x10 m/yeari A5tk Table 2
ogagel A gEd 7Y 2 Jue
71mw01_ CCF TCZ 60%9 u]Z
st Qe Aoz BAHAeH, o
H«l dump valveZt 7H¢ 2 d%&
2 EAEACE Table 2004 AAH
]_g_g}oq u]7Lr: 1;4 E;].Mx—}

89tk Table 3© ASuRrE =

o 2
b
ﬁ

.
10

s
)
°"=ﬁ1

b N jo a2 g
m]o

to B 0ir

P
22 HI!

Qb

§71d A 9dxz 24
Table 3ol digt A9} A3
5‘)\ —lL‘E- =

) of =
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Sens
Low

Nom. Sens
b Vave | " | High
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for Error Factor 3 and 10.

Error Factor = 3 |Error Factor = 10
Mean 8.32E-03 8.32E-03
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95% 2.14E-02 5.50E-02
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Table 5. Cost Effectiveness Factor for Continuous Stirred Tank Reactor.

: i Comp. . Cost Top Event i )
Number Name Failure Rate (% 10'won) Probability Degrade Upgrade
1 1.70E+00 80 5.94E-01
2 VLU 1.08E+00 90 4.84E-01 8.15E-05 6.78E-05
3 2.95E-02 110 167E-01 |
1 1.03E+00 20 3.97E-01
2 Valve 3.14E-01 50 4.84E-01 4.06E-05 5.56E-03
3 2.40E-02 80 2.90E-01
1 4.94E+01 200 5.74E-01
2 IA 1.25E+01 170 4.84E-01 2.81E-05 2.31E-05
3 270E-02 150 2.26E-01
1 2.89E+02 30 3.04E-01
Temp.
2 2.87E+01 100 4.84E-01 7.96E-05 7.96E-05
Channel
3 9.46E-01 120 3.04E-01
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