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Nasrul Asawawiriyahkul 2007: Risk Assessment and Design of Safety Instrumented
System for the Steam Generation System in Petrochemical Industrial Plant. Master of
Engineering (Safety Engineering), Major Field: Safety Engineering, Interdisciplinary
Graduate Program. Thesis Advisor: Assistant Professor Nanthiya Hansupalak, Ph.D.

100 pages.

This work was aimed to study the risk assessment and design of the safety instrumented
system (SIS) for the steam generation system, based on IEC 61508 and IEC 61511 standard.
By processing the risk assessment, the safety integrity level of equipment under control (SIL )
could be obtained and, in turn, used to compare with the safety integrity level of the related
safety instrumented functions (SILg). If SILg, is lower than SIL; ., the SIS is needed to be
improved to acquire higher safety integrity level until it equals to the value of SIL .. It was
found that there were 7 safety instrumented functions (SIF) in the steam generation system, 3 of
which, having the values of SIL; lower than those of SIL,,., were SIF no.1, 2 and 3. For the
SIF no.1 and 2, increasing the frequency of proof-test interval (7" ) of the SIS from once every
6 months to once every 3 months was enough to obtain the same value a SIL .. As for SIF
no.3, to obtain the same goal, 3 sensing elements (SE) using architectures 2003 and 2 sets of
logic solver (LS) using architectures 2002 should be used instead of one SE using architectures

loo! and one set of LS using architectures lool in the current system.
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LOCAL MARSHARING RELAY RACK DCS PLC
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MIMAUNALANUAAWAIAD UATIBDINUNUN WA U 3T

LAAIMIMIAURAEANNAANDIABUATIY (PFDave) Iannunumndn 'l daaasly
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] =1
n e 1l

PFDavg(SIF) = PFDavg(SE) + PFDavg(LS) + PFDavg(FE)
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XV-770 1oz Relay

XV-771 uaz Relay

XV-772 L1a2 Relay

0066606OCIC/CNC)

PED(SE) = (AxBxC)H{ AxBMHAxC)+{BxC)+Re
nes | PFDNLS) = (I/P+C/PHO/PIX2

PFI(FE) = (794Y x797Y }(T95YXTIRY JH(T70x772)HT70x771x772)

MNEUINT Al uﬁﬂmwumwﬁ'u“lﬂmm SIF iy 1 tas 2



PFDavg(SIF) = PFDavg(SE) + PFDavg(LS) + PFDavg(FE)

PFDavg(SIF)
SIF viuemawy 3

[ I |
PFDavg PFDavg PFDavg
Sensor Logic Solver Final Element

(L@

0

A

2

; o o o
wanuninazneavglngoi

[ TEMPRETURE SWITCH |

ajaya

PFD(SE)

OO OO

I Duct A ” Duct R | | Main Fuel (_};‘L‘il

PFD(FE)

I

pes | | DCS

|

MmN a2 udasusunndulfues SIF minemy 3 (15u1lgan

PFDavg(SIF)

PFD(LS)

PFDavg(SE) + PFDavg(L8) + PFDavg(FE)

PFDavg(SIF)

PFD(SE) = (AxB)
PFD(LS) = (I/P+C/P+O/P)x(I/P+C/P+O/P)
PFD(FE) = (794Yx797Y )JH795YxT98Y H(770x772)HT70x771x772)

SIF vy 3
| 1 |
PFDavg PFDavg PFDavg
Sensor Logic Solver Final Element

TEMPRETURE SWITCH

A
R&

A

OO O

| Duct A ][ DuctR | |Main Fuel Gas|

PFD(SE)

PFD(FE)

?@@@@@

pcs | [ pcs |

PFD(LS)

TISHH-564A 1nz Relay
TISHH-564B uaz Relay
DCS Input Module

DCS Central Parts

DCS Output Module
ZY-797Y uag Relay
ZY-798Y unz Relay
ZY-794Y 10z Relay
ZY-795Y uag Relay
XV-770 uaz Relay
XV-771 unz Relay
XV-772 ung Relay

AOPDOBDRIOOOO

Y 1
v A

5N 1)

anuainazninoavlngo

=1
=

TISHH-564A ung Relay
TISHH-564B unz Relay
TISHH-564C taz Relay
DCS Input Module

DCS Central Parts

DCS Output Module
ZY-T97Y unz Relay
ZY-T98Y unz Relay
ZY-794Y unz Relay
ZY-795Y unz Relay
XV-770 ung Relay
XV-771 unz Relay
XV-772 unz Relay

60060600Cel0le[0]0)

PFD(SE) = (AxBxC)-(AxB)+H{AxCH(BxC)
PFIMLS) = (/P+C/P+O/PIx(VP+C/P+O/P)
PFD(FE) = (794Y x797Y)+(795Y x798Y )} H(770x772)(770x771x772)

v 9 [
Mweni a3 uaaaununndu lifves SIF nanea 3 (U5u1l3ansai 2)
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PFDavg(SIF) = PFDavg(SE) + PFDave(LS) + PFDave(FE)

€

ar (3 o
yanvaiazimnoavglasal

PFDavg(SIF)

LSHH-255 1% Rel
SIF Hanuay 4 N R

DCS Input Module
DCS Central Parts
DCS Output Module

EOO®

LV-255 uag Relay

PFDavg PFDavg PFDavg
Sensor Logic Solver Final Element
(o) €9 €9
[ s ] | LEVEL CONTROL VALVE |

PFD(SE) PFD(LS) PFD(FE)

PFD(SE) = LS

PFD(LS) = I/P+C/P+O/P

PED(FE)=LV

MNEUINT A4 uﬁmuwumwﬁ'u‘lﬁ'mm SIF viaiav 4

PFDavg(SIF) = PFDavg(SE) + PFDavg(LS) + PFDavg(FE)

e

w g ) o
i1 i!ﬂ'l:l%ll!l.ﬁz'iT'lJ'IUl's'IiH:!lJﬂ’)m

e

PFDavg(SIF)
SIF vinuau 5

A

| ] |

BS-782 nnz Relay

BS-782 1y Relay
BS-784 1y Relay
DCS Input Module

PFDavg PFDavg PFDavg @ DCS Central Parts
Sensor Logic Solver Final Element @ DCS Output Module
a XV-770 uaz Relay
() XV-771 uaz Relay
(72) XV-772 uaz Relay
() OO0 Q) Y D) ) [ 6 venne
XV-779 uag Relay
ODEOOOO OO E®E DO VOO & xvasue: ey
[ FLAME DETECTOR | | Pilot Fuel Gas| | Main Fuel Gas|
PFD(SE) PFD(FE)

@ PFD(SE) = (AxBxCI{AxB)HAxC)+BxC)
PFD(LS) = I/'P+C/P-Q/P

PFD(LS) PED(FE) = (770x7721{770x 77 1xT72H(778x780)+-(778xT79x780)

MWHUINA A5 taaawunnau ldued SIF g 5



PFDavg(SIF) =

PFDavg(SE) +

PFDavg(LS) + PFDavg(FE)

PFDavg(SIF)
SIF a6

[

]

PFDavg
Sensor

PFDavg

Logic Solver

PFDavg
Final Element

Eh

| PRESSURE SWITCH |

PFIXSE)

Cd

| Pilot Fuel Gas |

| Main Fuel Gas]

PFD(FE)

PFD(SE) =

PFD(LS) = I/P+C/P+O/P
PFD(FE) = (770x772)H770x771x772)H 778X T8O+ T78xTT9xT80)

MWHUINT A6 taaawunInay v SIF vy 6

PFDavg(SIF) = PFDavg(SE) + PFDavg(LS) + PFDavg(FE)
PFDavg(SIF)
SIF vunoau 7
| | ]
PFDavg PFDavg PFDavg
Sensor Logic Solver Final Element
PRESSURE DIFFERENTIAL [ Pilot Fuel Gas |
TRANSMITTER PED(FE)

PFD(SE)

1

5656 5&® o
PFDMSE)

I Main Fuel Gas]

PFD(LS) = (I/P+C/P+0/P)x2

PD

82

- - o v
duanymiazny wm'uqﬂmm

®
®

00 0666Cl6l0]0)

)

(AXBxC)+(AxB)+{AxC)HBxC)

PSLL-373A uaz Relay
PSLL-373B uaz Relay

PSLL-373C unz
DCS Input Module

DCS Central Parts

DCS Output Module

XV-770 unz Relay
XV-771 uag Relay
XV-772 unz Relay
XV-778 unz Relay
XV-779 ung Relay
XV-780 ung Relay

Relay

g Ed
dydnuoinaznomugngol

PDTLL-374C 1oz Relay

OARRROOORBG

DCS Input Module
DCS Central Parts
DCS Output Module

XV-770 1nz Relay
XV-771 unz Relay
XV-772 ung Relay
XV-778 uaz Relay
XV-779 ung Relay
XV-780 unz Relay

PFD(FE) = (770x772)+(770x771x772)+(778x 7T80)+(778x779x780)

MWHUINA A7 aaauwunIndu ldves SIF vuneaay 7
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< 1A o [ { 1w a Y
Wumneeusuluszavang 1AM NAUINT 91 LEAIAIDATIANUHANAIAOUATIBVDY
JN Y A a do a o Aq Y a g’ @ 9 Aa v s
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Y 1w a @ v a o 1
minwmnﬁ 41 LLﬁﬂ\iﬂTE]G]iWﬂTﬂlINﬂ‘WﬁW]fJuGﬁ18%0\1@1]?15‘@11’)@]?}%1&5518@]1\1‘]

wineravgUnsel winesavgUnsel viinvesginsal swazidenvesginsal 2NIINNURANAIABUATIY
A uszuumanlesh 210 Vstnwaa (Failure Rate, A.") (ﬂ%&ﬁ])
Lower Upper
DCS C/P DCS @ Any DCS Central Parts Generic DCS type Logic Solver-Central Parts 5.80E-05 2.30E-04
DCS I/P DCS @ input DCS input Generic DCS type Logic Solver-input channel non- 2.10E-03 2.20E-02
redundant
DCS O/P DCS @ output DCS output Generic DCS type Logic Solver-output channel non- 2.80E-04 1.50E-03
redundant
BS-781/782/783 Flame det @any Flame detector UV/IR flame detector,electronics and signal line to LS 7.47E-03 5.33E-02
(for use burner)
LTHH-252A/B/C L dp.E @ water Ldp.E dp cell type level Transmitter with inpulse lines 5.06E-03 3.84E-02
Trans.&signal lines to LS
LTLL-252A/B/C L dp.E @ water Ldp.E dp cell type level Transmitter with inpulse lines 5.06E-03 3.84E-02
Trans.&signal lines to LS
LSHH-255 L sw.mech @ water L sw.mech. float type level sw.&signal lines to LS 2.12E-03 2.50E-02
PDTLL-374C PE @ fuel gas PE pressure & differential (press.meter with impulse line 5.40E-03 2.80E-02
trans.&signal lines to LS
PSLL-373A/B/C P sw. @ flue gas P sw. pressure sw. with impulse line &signal lines to LS 6.73E-03 7.92E-02
TISHH-564 T sw. @ any T sw. local tempreture sw. with signal line to LS 6.50E-03 8.89E-02

S8



MS1WUINT 91 (9D)

wineravgUnsel winesavgUnsel viinvesginsal swazidenvesginsal 2NIINNURANAIABUATIY
A uszuumanlesh 210 Vstnwaa (Failure Rate, A.") (ﬂ%&ﬁ])
Lower Upper
XV-778/779/780 sov @ any sov de-energise to trip sov for instrument air (as used on valve 6.43E-04 3.05E-02
actuature) with signal line to LS
XV-770/771/772 Vlv ball @ flue gas Vlv ball on/off ESD pneumatic ball valve on/off non-TSO with sov & 9.11E-03 5.25E-02
signal lines from LS
LV-255 Vlv glb @ water Vlv globe TSO on/off  ESD pneumatic globe valve on/off with sov 2.75E-03 3.53E-02
ZY-794Y/795Y/798Y/799Y  Vlv Lvr @ gas gen Vv louvre ESD pneumatic louvre type (as in air ducts) valve on/off 1.45E-02 7.50E-02
with sov & signal lines from LS
Relay Relay @ any Relay Signal industrial relay only 2.93E-04 2.89E-03

17: Shell (2003)
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v Y
(Y a [ 4 a o
minwmnﬁ 2 Ll’ﬁﬂ\1ﬂ'li“H'Iﬂ'IE]15]5’Iﬂ’JTJJNﬂWﬁWYE]HG]iWEJ“U@\‘]Q“]Jﬂim SIS Glmzuuwm"lam

wineravgUnsel ?}aqﬂnm‘i 9NN C{ERLPREY
IAUHINY IARUHINY AANEIAOUATIE AANAINOUNTIE
(Upper Failure Rate , A ) (Failure Rate , A’ )
@5ai)) (Woyannu3inwas) (ﬂ%v’a/%"ﬂm)
DCS C/P DCS central part 2.30E-04 2.63E-08
DCS I/P DCS input 2.20E-02 2.51E-06
DCS O/P DCS output 1.50E-03 1.71E-07
BS-781 uag relay Burner Frame 5.62E-02 6.42E-06
Failure Switch
BS-782 uag relay Burner Frame 5.62E-02 6.42E-06
Failure Switch
BS-783 1 relay Burner Frame 5.62E-02 6.42E-06
Failure Switch
LTHH-252A Level Transmitter 3.84E-02 4.38E-06
LTHH-252B Level Transmitter 3.84E-02 4.38E-06
LTHH-252C Level Transmitter 3.84E-02 4.38E-06
LTLL-252A Level Transmitter 3.84E-02 4.38E-06
LTLL-252B Level Transmitter 3.84E-02 4.38E-06
LTLL-252C Level Transmitter 3.84E-02 4.38E-06
LTHH-252A ua¢ relay Level Transmitter 4.13E-02 4.71E-06
LTHH-252B (1a¢ relay Level Transmitter 4.13E-02 4.71E-06
LTHH-252C ua¥ relay Level Transmitter 4.13E-02 4.71E-06
LTLL-252A ua¢ relay Level Transmitter 4.13E-02 4.71E-06
LTLL-252B ua& relay Level Transmitter 4.13E-02 4.71E-06
LTLL-252C uag relay Level Transmitter 4.13E-02 4.71E-06
LSHH-255 uag relay Level Switch 2.79E-02 3.18E-06
PSLL-373A ua¢ relay Pressure Switch 8.21E-02 9.37E-06
PSLL-373B 11a¢ relay Pressure Switch 8.21E-02 9.37E-06
PSLL-373C g relay Pressure Switch 8.21E-02 9.37E-06
PDTLL-374C 11a¢ relay  Diff.Pressure 3.09E-02 3.53E-06
Transmitter
TISHH-564A 118¢ relay 9.18E-02 1.05E-05

Temperature Switch



MSWUINT 92 (9D)
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wineravgUnsel #aqﬂnm‘i 9NN C{ERLPREY
IAUHINY IARUHINY AANEIAOUATIE AANAINOUNTIE
(Upper Failure Rate , A ) (Failure Rate , A’ )
@5ai)) (Woyannu3inwas) (ﬂ%v’a/%"ﬂm)

TISHH-564B 11a¢ relay Temperature Switch 9.18E-02 1.05E-05

TISHH-564C t1a¢ relay Temperature Switch 9.18E-02 1.05E-05

XV-770 Lo relay ESD Valve (ball 5.54E-02 6.32E-06
on/off)

XV-771 Uag relay ESD Valve (ball 5.54E-02 6.32E-06
on/off)

XV-772 1lag relay ESD Valve (ball 5.54E-02 6.32E-06
on/off)

XV-778 1ae relay ESD Valve (sov) 3.34E-02 3.81E-06

XV-779 uag relay ESD Valve (sov) 3.34E-02 3.81E-06

XV-780 L1ag relay ESD Valve (sov) 3.34E-02 3.81E-06

LV-255 uag relay Level Control valve 3.82E-02 4.36E-06
(globe)

ZY-794Y uag relay Damper (louvre) 7.79E-02 8.89E-06

ZY-795Y g relay Damper (louvre) 7.79E-02 8.89E-06

ZY-798Y 1ag relay Damper (louvre) 7.79E-02 8.89E-06

ZY-799Y 1ag relay Damper (louvre) 7.79E-02 8.89E-06

Relay Relay 2.89E-03 3.30E-07
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o 1 @ [ 1 o Jdo o a o a
lumstunammszauanuilasanovesunazilenduiaquilsne (SIL,) (FUAY
9/

91NN1311 PFD v0duaaz3z1uuges (SE, LS, FE) lagldununiiau 1l (@amanuin a) 1da m

AnnagANUAANaIneUAT 181U NABINT (PFDave) Yeaudassruvdey Taglemanns

1 F4
M lugumsn 9 1az10 WATINYBIAIAINAIVDINN 3 TZUVYOBITHN PFDavg U84

Jo v A v W 1
Wanduianuiisseaaaaluaumsn 16
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MINWHINN D1 LFAINITAIUIVNIA PFDavg 994 SIF rivamv 1 uag 2

sTUULDE aumMs PFD @uN3 PFDavg NadNs PFDavg
d Y] 1\¢m 3.3 1) 2.2 1T — -3
ginsainsia (AxBxC)+(AxB)+(AxC)+(BxC)+Re =(TJL (2°)’t dt+(TjL 3(2°)°tdt +[T}j0 (A2 ytdt i.0925x10
SE Tag A, B uaz C fawmnu (minu A°t) uazm A5 60 6 1D
SE) :l(ﬂuD)ST3 +(/1D)2T2+l(/1§e)T
Re = (Ap)t 4 2 (SILy, = SIL2)
=(A°)’ +3(A°)* 7 + (Ap )t
' -2
W C[1/P)+(C/P)+ O/ P2 - (Tl]j(: 20 )+ (3 0)+ (28 o)) et St
A59 A0 6 1RO

tszurama lag 1/P Tawniny (A° )t , C/P Iauniny
1/P

e =)+ (A2,0)+ (A0, )| T
(LS) (A2, o)t uag O/P U MnU (A9, )t [( e+ (Aesp) +( O/P)]

= 2l(A00) + (A2,0)+ (43,

(SILg, = SIL1)

d v 1 T 1 T 1 T 343
QUASBIGAME  _ 704y x 707+ (795Y x 798Y ) + (770X 772) + (770x 771 x 772) =(;jjo 2z Vtzd”(;jfo (ﬂiv)ztzdt{;jfo (23 )'tdt
FE Tae 794, 795Y, 797Y 1ag798 UAUMINU (1N1HU AD, t 2 1 1
" pres I A =3 o) TP 42 (o) TP 4 (A%
wag 770, 77148772 UAUMIAY (AL A, t)

= Z(ﬂ?x )2t2 + (ﬂgv )2t2 + (/13\, )3t3

=1.272x10"
A5 4D 6 1ADU

(SILg, = SIL2)

A1 PFDavg U949 SIF #iaNgnav 1 uag 2 1mnu PFDavg g, = PFDavg o, + PFDavg, s, + PFDavg .,

= 1.422x10"

Y
A543 4D 6 1ADU

SIL¥®4 SIF nanetav 1 4ag 2 1y

SIL 1

16



MINAUING D2 UAAINITAIUIUNIAT PFDavg 93 SIF Huneiay 1 1oy 2 1adlsuilge

szUULdY aums PFD auM3 PFDavg HAdNE PFDavg
Y 1 1 1 4 ¢
gunsaimsia =(AxBxC)+(AxB)+(AxC)+(BxC)+Re =(Tjﬂ (ﬂD)3t3dt+(TJLT3(/1D)2t2dt+[TJIJ(l§e)tdt =4.536x10 A39
ISP ' o 1w 1 1 A
(SE) Tag A, B uaz C Tauninu ninu A°t) uag 1 1 919 3 10U
=—A°)VT + AT += (A )T
Re = (Ap)t 4 2 (SILy, = SIL3)
=(A°)’ +3(A°)* 7 + (Ap )t
. PRy
ddszanana - [(| /P)+(C/P)+(O/ p)]x2 D )+ (ig/P)_'_ (ﬂg/P)]-tdt =5.93x10" A
(LS) Tag 1/P Uaumifiy (A7)t , C/P uaumniu ] A9 3 1A
M a e +(A2,0)+(AQ,)|'T
(A2, o)t uag O/P U MnU (A9, )t )+ ep) + (ore) (SILg; = SIL2)
= 2(A00) + (28,0) + (AR, )
< 3. T 52D 242 LT b 2,2 LT 0D \3g3g — 4
QUASBIGAME  _ 704y .« 707Y) + (795Y x 798Y) + (770% 772) + (770x 771 772) ijo 2(2z0)°t dt+(;)f0 (2 )t dt+(;)f0 (Zx)'thdt = 3.172x10 " A33
(FE) Tag 794, 795Y, 797Y 1az798 UAWMINY (N1 A0, 1) D 3 1ADY

wag 770, 77108772 AWMU (MY AR, t)

= Z(ﬂ?x )2t2 + (ﬂgv )2t2 + (/13\, )3t3

BT R T ()T

(SILy, = SIL3)

A1 PFDavg ¥4 SIF ¥ianenay 1 uaz 2 vaslsuilge minu

PFDavgs, = PFDavgg, + PFDavg, s, + PFDavg,

=6.7x10" R34

1 =
#1093 1o

SIL¥®4 SIF Hanatay 1 waz 2 nasSuilge iminu

SIL 2

6



MINEHINN 3 UAAINMTAIUIUNIA PFDavg Y94 SIF riuaav 3

szUULdY auMm3 PFD auM3 PFDavg HAdNE PFDavg
ginsaimsia =TS _ (ljr 2Ptdt =2.3x10" A53
O 1
(SE) Tag TS wny A°t 0 6 LD
1 AT
= A"t ) (SILy, = SIL1)
U o 1 T _ 3
aulszaana =(1/P)+(C/P)+(O/P) :(?]L [(ZIID/P)+(ﬂ“8/P)+(ﬂg/P)]'tdt i.93x10
(LS) Tag 1/P Uiy (A7)t , C/P uaumniu . N33 7D 6 1A
_ 2,0 D D )
(A2, twaz O/ P NA1 Ay (A3t ) [(Z'/P)“L MC/P)“L(’%O/P)] T (SILg; = SIL2)

D D D
= [(ﬂl/P)“‘(ﬂVC/P)"‘(/AiO/P)]'t
:ddy LY\, 0 (2,2 LY, b \2,2 LY b \apag — 39
QUNTRGAME 704y x797v) + (795Y x 798Y) + (770x 772) + (770x T71x772)  =| 7 [I, 20487 Cdt+| — |[ | (25 )*Cdt+| — [ 1(25,)*t'dt = 1.272x10°" A3
(FE) Tag 794, 795Y, 797Y 1az798 UAUMAY (MU A, t) 70 6 1ADY

Y 2772 UAWMNU (Y A2 2 1 1 SILg, = SIL2
ag 770, 7714188772 UAUNINY (110U Ay, t) =§(/1§X)ZT2+§(/1§<)V)2T2+z(/1§v)3T3 (SILgg )

= Z(ﬂ?x )2t2 + (ﬂgv )2t2 + (/13\, )3t3

v v -2
A1 PFDavg U84 SIF vivgay 3 1y PFDavg g, = PFDavy s, + PFDavg, s, + PFDavg ¢, = 3.02x10

v
A5 6D 6 1Y

SIL¥®4 SIF vanenay 3 1mny SIL 1

€6



= 0 ' v o & 2 o ~ o 3
MINAUING 94 LAAINIIAINIUNIAT PFDavg U943 SIF vanatay 3 Usuljansan 1 (Teeiiuginsal SE uag LS TaeNziuunnsiianuilu 2002)

szUULdY axns PFD @33 PFDavg HAdNE PFDavg
gUnsaimsia  _ Ay _ TL)J'OT (A°)2tdt = 1.762x10"°'A33
(SE) Tag A tag B faumnu (o A°t) YT Ao 3 1Aou
1D \242 ==
=(47)°t 3 (SIL,, = SIL3)
' - T ’ — 1.172x10° Asa
aIu =[(1/P)+(C/P)+(O/P)]x[(1/P)+(C/P)+(O/P)] =(?jjo [(AP/P)JFME/P)JFM&P)] t2dt : 7dx 0
dszanawa  lag |/P Uawmny (A0 )t , C/P Uaumiiy (A2,,)t | A9 3 1ADU
I ) D D \[T2
(LS) wag O/P WA MIAY (A7,,)t "3 [(’1'/P)+(’1€/P)+(/10/P)] T (SIL, = SIL4)
2
= [(AF/P)+(/IJ“([?)/P)+(/18/P)] t’
< 3. L), 0 y2q2 LT/ b 2,2 LT 0D \3g3g — 4
QURSAIGATIE  _ (704v .« 707Y) + (795Y x 798Y) + (770% 772) + (770x 771 772) =(;jjo 2(2z0)°t dt+(;)f0 (2 )t dt+(;)f0 (Zx)'thdt = 3.172x10 " A33
(FE) Tag 794, 795Y, 797Y 1az798 UAWMINY (N1 A0, 1) D 3 1ADY

wag 770, 77108772 AWMU My AR, t)

=2(A )t + (A )2 + (A )t

=§u§x )T +§<ASV)ZT2 +%<A§V>3T3

(SILy, = SIL3)

v
w

A1 PFDavg Y04 SIF #ianenaw 3 U5uilzansan 1 imn

PFDavg(S,F) = PFDavg(SE) + PFDavg(LS) + PFDavg(FE)

=5.051x10" A9

1 =
#1093 1o

SILY@4 SIF Hisnenay 3 Y5uilgensan 1 iy

SIL 3

¥6



= 0 ' v o & 2 o ~ o 3
MINAUING D5 UAAINIIAIUIUNIAT PFDavg U943 SIF vanatay 3 Usuiljansan 2 (Teeiiuginsal SE uag LS Taelziuunnisiianuilu 2003)

sTUVHOE aumM3 PFD @uM3 PFDavg NadNs PFDavg
d [ - 3
qUnsaimsIa  —(AxBxC)+(AxB)+(AxC)+(BxC) = Gjﬂ (/1D)3t3dt+(T1jLT 3(A%)2t2dt =532x10" A3Y
(SE) Tag A, B uaz C fawninu nnu A°t) 1 A0 3 10U
:_(ZD)3T3 +(2«D)2T2
:(){,D)StS +3(/1D)2t2 4 (SILSE:SIL3)
aIu =[(1/P)+(C/P)+(O/P)|x[(1/P)+(C/P)+(O/P)] :(ljr [(i?/p)+(/15/p)+(/18/p)]2t2dt =1.172x10° A59
IS ' v a1 ' o 0 1 A
dszanawa  1ag 1/P Uawmny (A2 )t , C/P TaAwmny (A2,,)t T A9 3 1ADY
D D 22
(LS) uaz O/P A iy (A3,)t )+ (220)+ (1] T (SILy, = SIL4)
2
= [(AP/P)"'(lg/P)"'(/lg/P)] t?
< D 242 1 D 242 1 D — . v
QUNSRIEATIY 704y 7977 )+ (795Y x 798Y) + (770x 772) + (770x 771x 772) jﬂwzx) t dt+[;)ﬂ ()t dt+[;)ﬂ (2)tdt =3.172x10" A5
(FE) Tae 794, 795Y, 797Y Haz798 BAUNIAY (1D AD, t) A 3 1ADY

wag 770, 77148z 772 UAUMIAU Ay A, t)

=2(A5 )t + (A )2 + (A )t

%u?x )T +§<ASV)ZT2 +%<A§V>3T3

(SILg, = SIL3)

A1 PFDavg 404 SIF #ianenav 3 YSuilzansan 2 minu

PFDavg(S,F) = PFDavg(SE) + PFDavg(LS) + PFDavg(FE)

=8.61x10" A59

1 A
#1903 1A

SILY@4 SIF Hisnenav 3 Y5uilgendan 2 i

SIL 3

S6



MINEHINN 26 LAAINMIAIUIUNIA PFDavg Y94 SIF rilgnv 4

szUULdY auMm3 PFD auM3 PFDavg HAANE PFDavg
d (Y] _ 1 T _ -3 QaJJ
gunsaimada = LS :(Fjjo 2Ptdt 6.964x10 " A3
(SE) Tag LS minny APt #0 6 1D
_ Loy
= 1"t 2 (SILg, = SIL2)
1 T _ -3
WU =(I/P)+(C/P)+(O/P) =(Ti]jo [(A00)+(22,0)+ (23 )] 1t e
dszanawa  Tae 1/P dauiiny (AP ,)t , C/P Tauninuy A59 @0 6 1ADU

(LS) (A2, twaz O/ P NA1 Ay (A3t
= [(/’i’IID/P)'i_(ﬂ“E/P)'i_(ﬂ’g/P)]'t

;_[(ﬂqD/P)"' (AC,p) + (ﬂ’g/P)].T

(SILy, = SIL2)

ginsaigahe = LV

R
—(?jfoitdt

=9.548x10" N34

(FE) Tag LV mny APt 70 6 1ADY
_ Lt
= 1"t ) (SILy, = SIL2)
A1 PFDavg U094 SIF #Ngnay 4 iy PFDavg g, = PFDavg s, + PFDavg, s, + PFDavg ., = 2:244x10” A3Y
A9 6 1ADU
SIL4@4 SIF Haenay 4 1(mny SIL 1

96



MINEHINN 7 UAAIMIATUIUNIA PFDavg 984 SIF gy 5

sTUULDE auMs PFD @uM3 PFDavg NadNs PFDavg
d -
qUnsal = (AxBxC)+(AxB)+(AxC)+(BxC) = Gjﬂ (/1D)3t3dt+(T1jLT 3(A°)2t2dt =7.963x10"
R Tag A, B wag C uawnu ninu A°t) 1 e, s A79919 6 1ADY
D\343 D\242 :_(i ) T +(i ) T —
(SE) =(A°)’ 7 +3(2°)°t 4 (SILg, = SIL3)
1 1 T _ -3
@M _(1/P)+(C/P)+(O/P) = (;)L [(280)+ (22,0) + (48, 9310
dszanawa  Tag I/P lawmdy (A0 )t , C/P laumny . A59 @0 6 1ADU
= 2 a0 D D )
(LS) (A2, tuaz O/ P NA1 Ay (A3, )t ) [(iu p)t (Aeyp) + (Aoyp )] T (SILg; = SIL2)
=[(200)+ (20) + (A5 0]
ginsal = (770x772)H(770x771x772)+(778x780)+ :[leﬂ(/li’v)ztzdt+[Tl)jg(l'§v)3t3dt+(%Jf§(ﬂ§v1)zt2dt+[Tl)ﬂ(/1§v1)3t3 =3.547x10"
game (778x779x780) A51 70 6 AU
(FE) Tag 770, 77108772 BAUMINU (AU AR, 1) (SILg, = SIL3)

tag 778, 779 1az780 UAWMINU (1 NU AR, t)

= (ﬂ'l;v)zt2 +(ﬁ~l>j<v )t +M’§V1)2t2 "‘(ﬁ~l>j<v1)3t3

SRR T L (R T+ (R T

1 PFDavg Y04 SIF Hangay 5 1mnu

PFDavg g, = PFDavg s, + PFDavg s, + PFDavg

=17.081x10"

Y
A543 4D 6 1ADU

SIL¥®4 SIF Hanenay 5 1mny

SIL 2

L6



MINEHINN 28 LAAINMTAIUIUNIA PFDavg 994 SIF gy 6

sTUVE e auM3 PFD NN PFDavg WAdNs PFDavg
d -
qUnsal  —(AxBxC)+(AxB)+(AxC)+(BxC) = [Tl)j; (/1D)3t3dt+(leLT 3(A°)2t2dt = 1.702x10”
Mmsia  Tag A, B uaz C daumnu (minu A°t) 1 e o A59AD 6 1ADU
D\343 D242 =, AT +(A0)T _
(SE) =AYt +3(4°)°t 4 (SILg, = SIL2)
\ 1 T _ -3
W = (I/P)+(C/P)+(O/P) {;)L (2D 0)+ (22,0)+ (33, )t ;oo
dszanawa  Tag I/P dawmdu (A0 )t , C/P Laumniy . A59 @0 6 1ADU
- 2 |csp D D )
(LS) (A2, )t wag O/P a1 iy (A3, )t =3 (22 o)+ 22,0+ (28, T (SIL,, = SIL2)
:[(lllj/P)"‘(/lg/P)"‘(ﬁ*g/P)]'t
gunsal = (770x772)+(770x771x772)+(778x780)+ :[Tl]jg(zzv)%zolt+[TleJu§V)3t3dt+[Tl]j:(zgv,)2t2dt+[TleJu§w)3t3 =3.547x10"
qaihe (778x779x780) A51 60 6 1O
(FE) Tag 770, 771182772 UAUNIAY (1IAY AR, t) (SILg, = SIL3)

wag 778, 779 1Az 780 UAWNINYU (AU A, t)

= (ﬁvliv)2t2 +(/1l>3<v )3t3 +(/1|>3<v1 2t2 "‘(/?J)D(w)}t3

UL UR )T (R TR 4 () T

A1 PFDavg Y043 SIF ¥natav 6 1mny

PFDavg(S,F) = PFDavg(SE) + PFDavg(LS) + PFDavg(FE)

—7.986x10"

Y
A5 610 6 190U

SIL¥®4 SIF Hangtav 6 1mny

SIL 2

86



MINEHINN 29 UAAINMITAIUIUNIA PFDavg Y84 SIF vivgmy 7

szUULRY auMm3s PFD auM3s PFDavg HAdNE PFDavg
ginsei = PD - (ljr 2Ptdt =7.731x10"
(v 1w T 0 &’f 1 N
M3IA Tag PD iy A°t 1 ATIND 6 LADU
_ 1D
(SE) = APt 2 AT (SILg, = SIL2)
v 1 T — 2
alu =[(1/P)+(C/P)+(0/P)]x2 :(?)L 2[(/1F/P)+(/Ig/p)“‘(/lg/p)]'tdt i.186x10
dszanawa  Tag I/P Hawmidy (A0 )t , C/P laumny A59 @0 6 1ADU
s 1 1w = /1D + /1D + /1D ‘T
(LS) (A2, tuaz O/ P NA1 Ay (A3, )t () + 22,00+ (35,0)] (SILy, = SIL1)
= 2(AD0) + (28,0) + (A, )
ginsal = (770x772)H(770x771x772)+(778x780)+ :[leﬂ(/li’v)ztzdt+[Tl)jg(l'§v)3t3dt+(%Jf§(ﬂ§v1)zt2dt+[Tl)ﬂ(/1§v1)3t3 =3.547x10"
game (778x779x780) A59 7D 6 1ADY
(FE) Tag 770, 77108772 BAUMIAU (AU AR, 1) (SILg, = SIL3)

tag 778, 779 1az780 UAWMINU (1 NU AR, t)

= (A% )T+ (A%’ + (A% )T + (A’

SRR T L (R T+ (R T

1 PFDavg Y04 SIF Hiangay 7 tmnu

PFDavg g, = PFDavg s, + PFDavg s, + PFDavg

=1.995x10"

Y
A3 4D 6 1ADU

SIL¥®4 SIF Hanenay 7 14mny

SIL 1
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