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' Design for safety
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y.Process design

v.Basic Process control Systems

v.Critical Alarms and Human Intervention

f.Safety instrumented Function (SIF)

o.Physical protection (relief valves, rupture discs, etc)
#.Post release protection (Dikes, Blast Walls, etc.)

\ . Independent Protection Layers



www.betsa.ir

v.Plant Emergency Response
A.Community Emergency Response
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. Layer Of Protection Analysis
. Active Layers

. Passive Layers

. Evolutionary

. Objective Function

*. Genetic Representation

O M~ 1t t —



www.betsa.ir Lty ige %Lw.-;_-: et

slad ;o eminz aiejls b Yl 5l cuS 5 e a4 08l caws lp g of Bl o St bl gla
el (oo (ol ot slo (B9, 9 b o sl (6 50 sieils &8ly 50 eetl (o0 P Sl S bl
Gz sl ) wnssl cnl )lo 1) oy (L Slez slad gomiva Ul (S p o8 aSl @ azgi b oS
ool ools 18 eolatul 8590 oauds by allus jo Bolas

ol e cal ol ol o las Jlast 5 abl o ajpy g 8 Gyl sl S p0 cws cile &Sl s @
S8das &ls,0 el (oo 518 ooliiul 3)50 Sy, w0 low Sl ) S geelS ildae 5 (il Al By allie
IPL aJql s wol> £939 3l L &5 o p VUSS 0 0als gl Ojge 4 b Y o 5l e Sy, C o
5lanligsl mls Sjge cnl 50 ool igie ol ()] Cayo 0 Shae Jlaiol Gulo g 05 (o ollad 4y g9,
A o 7y diol>

€ Jee a3 IPL

adgh ol

v

w35 ¢ PL Ceilas diay o sllasls aas

A 4

A (anIPL)

_ > IPL 4%l Jiday 30 &) st 4
o sills g - d Cand 23S0 Canilas

20 Jee Sy 530 <A [PL

ootacl axys slas ) pas b olas ) jo  gdadlors 4Y 50 ) IS
iy o a5 (gl Wl Lol s g o035 i o5 ) 0 (glo a5Ls allucs (gl pite Jobas a5 ulul 0l
b ke SLL Clyx 4 b a3ls Gl sl JIg oy 3l s oo VUSE o gl |y Bud a5 unly>
Sy M‘ﬁ" ol At

&3l s 5951 V)
9 S35 minsN O LS (e85 Jelad Sk oS 005 5 JS8 4 allass (nl sl ooleinig oyl
A3 oo olaggy C o
@ 0ly (oo s (oo Sleiiy Sy, S0 sl &5 (e g S el Joe G Jols sl b &l o
S o0 555k 1 el ol Jeles maly job 4y 5 Ojlargls e, b @Y Gl 5 e S oS S



www.betsa.ir

olaygy o

b aY coi yy cdb o
S pgigeg s 5l dadlxo
]

A 4

3 (L A 3 g Ol prass iy 30 daslona
eyl s S ol 50 Sl Calsg

o9y (rmn g ool
adgl

sl oz s8IV S



www.betsa.ir Ly (oohio LSS

g olag, S Jaw g Sy 02,08l e el adads oals ools Gl Sylagld jo 4 jghiles

Ol byt &0 4y S o eSSl Dledlol il 45T i 5 (10l (o S Sue 5 jlade sl

anie Al jlade gy Oole a4 b Bas b Jlade slayg, <350 Jaw )0 g 0ad soliw 8 slayg, 350 4y iy 6N

sl o5 5 b ¥ s Yol el o8 Wb Sz 99 50 w,s80l cnl Joo S35 5 S5 Lo sl

3o Y 53,55 Jos s s & o3l 51 AU (s A3 5 Slest 5 (600K A2 (S dmmlone s
Al ooy, g ol w8 yiny

0l gy oo )98l 0 Slos KoK g b JKlos (Olasine VLY

Sy Joe ol 50 Al (go S S5 S w09 d (o0 Sty Al (nl (Gl a5 (S35 5N
hleasl oo b 4 cpl lizee LSl @l jo Sesy Slor lad 5wl (oo sy 59,5 s ub 4 ils
plS 52 dlae ol )o soleriiny S35 5Nl SLs) fpmled (aiae 1) o po3909,S S5 Cagd Cenls (o
odd (i shadle la Y olawi b ply b pgigeg,S (sled) slass adly s wijls |y gladlxe Y S i
Sl oo Do ] 03 4 bgrye Dleogas g o (Fho plaS o b aY Gl all e s b S Sl
Dl o s b Y citKl> b Jee (ol a5 wias o dl)l ) o Y 5l Oglae Gl 5 calie sla pgig0e9,S
oailed slag) &0 5l Al pa aildl (oo Slag) S0 la 639y «ilite Sl (nl b b pgiees S ()
(e g5 b aY Gl sl (Shg sl sl oo o 1) Jolae (adls a4 plos &8ly 0 L 5 p5j9e9,5 07 S
s meleS s Ll ay Joe (nl )0 45T A8l go Dl ey (55l Sl i ol b eSSk

Wlano (5L o g Bud &l cyns YT
D3k oo a3 (6l perie S p,0N] Bas &l

Fitness function :MINZCost
o)

e lo i
X olidlone slo Y (slaoloss

ol oS 05y 4z (slo oo allus (ol 5 Ban sl i

CM Vb K0 Ssast 5 (60 el i 51 36 slo a0
CS  Tolos 655k po b ol iy Sl oS5k 53 3 51 (G50 sl 4o

il Cost = ZCM +CS

M) 2k auy»
oad ad F Ll o atie ol S Sl 0 )l S0 Ol ey (65K e LS 9,50 Cele - i

M

Olore @ wims o S5 1) S5 sla pgjeeg S sl plen a5 oadlre sla 4Y Sluogas g o Sy

Al (o Sl gy S50 (63959 syl g e e

i i=1...,X _
A e sla Y (o> 2

MTTF,  i=L..Xx b ¥ > oloj oeSiles

' . Maintenance and Repair Cost

" . Severity Cost



www.betsa.ir s mrdigen WL,J
Dl o s Slaggy 350 Jow 5l eslanl b ity v, Cames 93903, 2 sl Ban ol laie
Al A sal L Sl w95 syl bl ol JBs mb a5 Sley R(E) o 4Y casjo o Shee o>

Hdlre &Y 52 (sl Sl reniy (6l Sl -85
¢y Rei = Ri M xtx K

K Sy 92ly I3l & Dl et el = 5 o 4o
S Sy 9xly o slil 4 53l Culsg aue
Qi)

aY g s o Jlasl
COS'[ZZCM +CS Az ol Jaw

S5 i 950 35 .Y
asg MATLAB 158l 65 j0 a5 (6l asliy 10 oS (o0 0dgs el Bolas b 5l oolieal b 1) Solas

Sl o1as5 gl 5 X 5o o s e elital adg] Lok Emar a5 o, RANAPEF(X)

[“*-‘569"\*'!5" ‘) 4...]5‘ éoL@W‘W o)‘\.\." Q‘..\Ju:\.ueb d‘)‘)&bjwb@bﬁj)%ﬁ;

é’b )\ IR

Slay gy & 10 (g ludun g Bud b awlxe O,
S Sl e 4 Gy 5 S 0mysSIl Bae b 95T ey gl 05 Gl U Ceond 0 45 jshailen
5 oS 6 @l baolayg, i Culdg ) (LBU ange e 5 ) Sod Slpesi 5 6)IKS
oolainl b aS e )lo b ¥ licadsl bl Sloiws 4 5L alles () jo Lo adly o il oo dlayg, o5 y0 5JLI
P 2D oy BliBre Dlpgmd (o Eolg> b i g bolbg, 5l 6T el Jleisl s cpl 4 qeuilen o )

Y ol Fp sl eolaiwl b ol pls il ﬂ“i 5l b Sles b Y a5 Jlaz! J&s mb a5 oS
Jleix! yuizmon g ((Coddae Jloixl) liebl coblB polie 4 ol co sy 4 sl ool laie Y o a5 o
8l cews b Y (CuSy ) ol >

gl 4 cuoo o Slee Jiml g oS o0 w8 1) Slagg, Co o sl 4Ll slass e Y slaw b ol
oS (oo e cond a8 S L5 50 Sloj axly bl | Ll ol 0 Shes 5 (5 et eizeen

O gy Frr ST Al ol jo a8 Sl gl ST bl ally 6l 85509, (Bl Al dwlore 31
sl ly la pgiges,S 9 998 (o0 Wl sla pgjeeg,S Sl 4 Bl QLRSI £ 5 4y a2 g5 b g 09d (o0 w85 S
iy o S35 5 5] s Al ples] Lo ol

“SQM ,oLéé‘ £y
S 0 5 (5l alaii g0 b gl alais S5 plesl alax 5l calisee 5,k 4 pliol Jgome S5 b w55 o
Sl Ty 4 4z bl pgisenS it 4 e O] plalss Lo aSil s & 50l alls 3 (J5 955 (o0
Plos S plesl wlibos )3 gl slwl 0ij 8 Glaie 4 b 4 o e Gk 4 by Wsd adg b 4

'. Proposed crossover



www.betsa.ir Ly (oohio LSS

pall oo Sl ae b Y 08 & jasie o Sy Slles ol o &dlyye 4 cewl oald sleaioy (oSSl pléo
S5 ws LSS e 5l e a5 mees 3 Slaise ) sl (Shy il eoged (o a3 )5 planil Slalllas bl
0 il S A A o) @Blgyd e pgjeeg)S (0 i Jlere a5 WAL lie 5 S wead adgs sy
Gl Wil i 2l ol xSk Gl a5 6l A je oy, ey e o aSl 4 g b adl,
5 gy plolid a4 gyt Jliml by eog 5 pliebl BB o1 cdyin 5l 6ol 5 ol alolis
ol @ ml ools S5 it o3 pley oeSile il 1y plesl Ko Gl 33l (oo 0T iy 5l 55l
LI Comaz jl pgjseg,S o (s il (able Y Ve (lls pias b S S oS (58 1485 O 50
o2 b lly sla pgjs09,S slods BL ¥ USE D90 a4 Wiy sl pgi9eg,S led) i ST wBk (0 05 )
ke eSilen ()15 CSaoldS 4S5 sigd o ol i b ai s L5 gl elKale 0 a5 ols 4 adly ;5 cod awnlie
g 4l Jaml Jol ally 4 conl i 5 G oley 0nSle syl oS (5 ratis sty MTTF) ol 5

gl (g0 dunliie (Gomr S5 S et

Vol
YIf| sl o[ V[ ALYV | YA
Y Wl
sl vy vl als] el Al

Vaj 8
YIE[ Y| o[ V[ Al &V Y]Q

Va8
DIy v Y Ay f] Al

Ol 8 g dllg sl pg a9 S ¥ SO

Ogd (o0 0033 45 pshailes aril ot QL pleol Slibes plonil Sz YUSS poj909,5 99 05 (258
Oy eSiles Jlaie &5 o p (S5 4 45 (Sloj U025 (oo plonil dnlie 9 00,5 £9,0 1o py)9e9,S Jol sla )5 5]
5 pso Ally pa3s09,S e 5 )0 a5 Y Y Lrtyl 0wl sl pgi9es)S 5l b psd po3s09,S 50 o ol
O )l 18 ol Wy pons p33909,5 50 oS F Y ) Cod Bl i 2 Oloy el lls o)l
1S (503 5 LIS 18 poas poieeg S 1o VY aSul Lo 5 Wed oo L 4 br po39e9,5 50 poe Sl S
h CslSS Y)Y Y (e 5 03,5 gxiw Jol poi9ag,S JS 19 5 5 pw 2Lk 5 3L 4 a2 5 b
il o Gl Ll )0 5 w0 ol e S g 09 (o0 (st gom poi909,S o Ol Jolee () 5 WS (o0 g
09 Nigd b 4 lr 5 sl ply g Jobee slo 4 5 i a5 wigd oo lr 4 lr o pgjans S sless Sloj ol 5o
D98 (o0 § xS sl 6185 Y S92l i 5 Bl
Coows g At ydn (25 £ Sl gl &5 plo Y s Sle b e ) S5 e
55 0boj 53U & arg b il ange & e O Az a8 00k 03l Gom bl o e8! sl
e glolils Jol (slo a¥) L5 Lawgs dol> aSul Jlaal o oy 5 abl (o0 slayg, g adol> Culsg

D9 oo adg Jol e 5l 6 Jad 9 Comez g ojls Jlis ) ase gl g ead pliy



www.betsa.ir Ly (oohio LSS

Stz V.Y
045 2 pgjsas)S Sl gz F5 4 az g b aS wdl e i Slles 4 Zugi pleol Jes Sl g

Pl Gz 5 o0 Sl b pgigeg,S (Bolal &jgo &) s fodds (asuiie 9,25 sl ol (59) Lz Sl
o b alr Koo by oud Sl pgjeeg)S 5l () 90 9 4B D 9o i Sldes coS 05 (o

YIS Y] 0] Y] A] 2 Y| A
Y e
YIS Al O] Y] Y] 2 A
M}QLAA&:\CJSM

gy Slox lad o (Sew Sl e 4 g 09d 185 o oSl aBgs g (Ll byl as Sle; b
byl b cpl jo 05l iy o Dglitte Wilgs (o0 Al g9 4yl (Ll byl a5 s oo aalol 1) oy )65
oS oo L8 aseiie JI ST slass 5l e LSy Clez 4y 8L cews 1 L

ol sl b g )l Ko 59, oo 3w ool ¥

peplym ool 00l muogh iyl b Blhe Jlw Koo ol e SO sy p 4 GiBisd Gl o
Comgm ) [V ] €33 dalgs 5 ooliiwl 0,90 § Lialpg OREDAY gy aia sla ools 5 oledlbl .esls
9 035 uaM Q9 <? Le;] dl.‘b‘ JLQ..}‘ )L?.' Aj.n) sSJ LS‘)J as d.an‘ uo‘? ‘saLoa OREDA sSyM )é.( \
drwg il ol Yl lp oy oo |y Jow adl ol S8 wies o Glis Soly> opl a5 ol sleill>
Cond el 0 55,05 AIR (Abnormal Instrument Reading) i 5 <> g, dlie opl 4o 0ls

Sl 00 UWOREDA o )L7.L.) u_ild g_is Lg‘)'.’ L5:‘).> LQLQ»JL’> S A.JS
List of failure modes
AIR  Abnormal instrument reading
ELU  External leakage-Utility medium
SER  Minor in-service problems
OTH Other
PDE Parameter deviation
PLU  Plugged/Choked

STD  Structural deficiency
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Figure 3 - System hierarchy
The failures and comective maintenance actions are as shown i Figure 3 linked to the
component where they occurred.
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Heafers and Boilers

Inventory description
The boundary definition is shown in Figure 19 and corresponding subdivision in Maintainable
Items in Table 14,

The boundary definition applies to hydrocarbon {HC) fired heaters and (re)boilers supplying
energy to heat or boil a medium. The energy may be supplied through combustion of
hydrocarbons, through supply of a high temperature medium (e.g. steam) or by electricity.

The heater and boiler components will tvpicallty include a vessel/shell in which the heating
process is performed. For heaters and HC-fired boilers, a burner device and exhaust system
are included. Unlike most boilers, the heaters contain a tube coil through which the medium
to be heated is flowing.

For HC fired heaters and boilers, the fuel control valve is inside the equipment boundary,
while fuel conditioning equipment (e.g. scrubbers) and ESD/PSD valves are oufside the

boundary.

Inlet, outlet, pressure relief and drain valves are specifically excluded. Valves and instruments
included are those locally mounted and/or which form a pressure boundary (e.g. block valves,
calibration valves, and local indicaters/gauges).

! |
1 I
| Exhaustflue Col r
X "
! |
| <
! |
|
| Heated medium
: External Intemal —;—N—'
| |
I | Outlet
| |
_lﬁ,; |
| |
Energy supply :
(Foel gas, staarm, |
elactricity, ate) Conbrol & ) |
: monitoring Misceallansous |
|
| I
| |
L e e e e e e e ——— J
——————— Boundary

Figure 19-Heaters and beilers, Boundary Definition
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Tahle 14 Heaters and Boilers, Subdivision in Maintainable Items
HEATERS AND BOILERS
Column Control & External Internal Miscellaneous
monitoring
» Bodyfshell * Actuating device | » Bodyfshell « Badyfshell = Fan
» Packing s Cabling & » Piping = Burner
« Reflux coilf junction boxes * Support + Exhaust stack
condenser = Control unit s Yalves » Fire tube
= Instraments = Support
» Internal power = Tube coil
supply
= Monitoring
* Yalves

{For all subunits the Mis "Unknown" and "Subunit” are included.)

List of failure modes

ATR
ELP
ELU
[HT
INL
SER
OTH
OHE
PDE
PLU
STD

Abnormal instrument reading
External leakage - Process medium
Lxternal leakage - Utility medium
Insufficient heat transfer

Internal leakage

Minor in-service problems

Other

Overheating -
Parameter deviation
Plugged/Choked

Structural deficiency

@ OREDA,
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Taxenomy no Itemn
33 Mechanical Equipment
Heaters and boilers
Population | Installations Aggregated time in service {10¢ hours) No of demands
<] G Calendar timse * Operaticnal time T
0.2505 0.2262
Failure mode No of Failure rate {per 10* hours). Active Repair {manhours)
Faitures | Lowsr Mean Upper 5D nk rep.hrs | Min Mean Max
Critical 13" 8.07 47.31 1347 34.08 51.9% 1449 1.0 224 1.0
13t 8.28 52.89 129.68 39.49 57.4%
Abnormal instruimnenl veading 4* 0.2 12.34 50.67 19.21 15.97 12.4 13.0 24.B 41.0
a4t og| 1357 5495 2071 17.86%
Insufclent heat ransfier 3 0.00 171.48) 2Z2.32 20185 11.98 2.8 1.0 2R 4.0
at poo| 1431 eaol| 2789 1326
Crerhieating 1" BRLT 3.04 19.57 B.32 3.99 3148 35.0 35.0 350
‘IT 0.00 £.32 21.37 9.05 4,42
Farameter daviation 2" (LK 6.50 28.42 11.10 780 20.5 41.0 41.0 1.4
21' 0.00 7.4 31.06 12.07 .84
Structural deficiency 3 1.1 12.77 3544 11.52] 11.98 16.0 190 22.0 254
at 148 1382 7os| 19 132
Degraded 92+ 0.00 316,53 166938 75782 35728 12.7 0.5 22.3 513.0
vl 0,05 41877 216648 95149 406.78
External leakage - Lility medium 2r 1.67 8,39 19.25 5.65 7.98 98.8 2.0 196.5 2910
il 167 9.41 22,33 6.66 5.84
Insufficient heak transfer a8 0.00 296.91 G 25 746,821 34732 0.4 0.3 154 g12.0
a7t (LN 395,94 207687 93585 3IB4GT
Internal leakage 1 0.25 £11 12,04 3.99 3.5% - - - -
1t 0.00 2,50 23.05 b.uy 4.43
Farameter devialion 1 Q.00 R 14,58 5.55 3.59 9.5 XN 19.0 19.0
1T 0.00 2.7 15.91 6.04 442
Flugged/Choked 1 0.00 3.83 19.50 §.29 399 8.0 8.0 B.O 8.0
il 0.28 £.56 1334 442 4,42
Incipient 53" 3.7 197.23 600.46 214531 21159 57 0.5 9.4 113.0
53T 1.99 229.21 T65.18 2B0.54 234.34
Abnarmal instrument reading 18¢ 4.8 73.99 215.09 1.7 .86 5.8 LR 9.6 4.0
'|81r 3.30 #a.69 258.42 B7.81 79.59
External leakage - Pracess g 0.03 7.68 30.45 11.25 7.93 2.5 2.0 2.5 30
medium ot 000 9.53 41.85|  16.25 6.84
Extermal beakage - Utility medium 1" 0.0} 3.04 1357 8.32 3.99 45 8.0 9.0 8.0
1t 0.00 822 2137 9.0 4.42
Minor in-service problems 17 0.03 62,13 266,14 102,91 &7 .87 7.1 1.5 11.2 113.0
17t oo 7693 33798 1323 7507
Oher 14" 13.05 51.42 11057 30,99 5589 2.6 1.4 4.2 7.0
147 7.358 57.49 14720 45 B4 £1.90
Orerheating 1" 0.00 3.5 14.58 5.55 3.99 289.5] 510 57.0 57.0
1t 0.00 387 1591 £.04 4.42
Unknown 1" 0.00 8.46 39.70 16.17 3.99 - 124 12.0 1249
1t 0.0 8.94 214 1un 442
Abnormal instrument reading 1" (01.0K} 8.46 39.70 16.17F 393 - 120 12.0 1241
1t 0.00 804 4214 17.21 4,42
Comments
[cont.]
& OREDA
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OREDA-2002 490 OREDA-2002
Taxonomy e Item
3.3 Mechanica! Cquiprment
Heaters and beilers
Population | Installations Aggregated lime in service (10% hours) No of demands
g & Calendar time “ Operational time T
9.2505 0.2262
Failure mode No of Failure rate {per 10¢¥ hours). Active Repair {manhours}
failures | Lower Mean Upper 5D nit rephrs | Min Mean Max
All modes 159 012 855.60] 2469.51 973.30| 63476 105 0.5 18.0 813.0
1597 013 70423  3141.33| 124098 703.02
Comments
© OREDA
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491

OREDA- 2002

Maintainable item versus failure mods, to be continued

Item: Heaters and boilars

AR ELP ELL IHT INL CHE
Actuating device 000 Q.00 .00 0.63 0.00 0.00
Bodyishell 000 0.00 .00 0.00 0.00 0.00
Burner(s) 0.63 0.63 .63 6.29 0.00 $.00
Catling & jundtion boxes 252 0.00 0.00 6.60 {.00 063
Control unit 0.63 0.00 0.00 0.94 {.00 0.00
Instrument, fiame 0.00 .00 0.00 3553 0.00 0.00
Instrument, flow 0.63 .63 0.00 0.00 0.00 0.00
Instrument, general 1.89 0.00 0.00 063 0.00 0.00
Instrumertt, level 1.89 0.00 0.00 0.00 0.00 0.00
Instrument, pressure 1.89 .00 0.00 (.00 0.00 0.00
Instrurment, temperaturs 2.52 .00 0.00 4.00 0.00 0.63
Internal power supily 0683 0.00 .00 1.26 0.00 0.00
Manitoring .63 0.00 0.00 0.37 0.00 0.00
Othar {1.00 0.00 £.00 £.00 0.00 0.00
Piping .00 0.00 0.62 0.00 0.1 0.00
Subunit 0.00 0.00 03.00 0.00 0.0 0.00
Support .00 0.00 .00 0.00 0.00 0.00
Tube coil 0.00 0.00 0.00 0.00 0.63 0.00
Unknown 0.63 0.00 0.00 377 0.00 0.00
Yalvas 0.00 0.00 063 0.63 0.00 Q.00
Total 14.47 1.26 1.89 56.60 0.63 1.26

The figures are parcentages of the iotal failure rate for the actual maintainable item/failure mode combination.

© OREDA
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Malntainable item versus failure mode, continued

Itern: Heaters and boilers

OTH FDE FLU SCR 5TD Sum

Actuating device (.00 .00 (.00 0.00 0.00 1.63
Bodyfshel 0.00 0.00 0.00 0.63 0.00 0.63
Burner (s} 0.63 0.00 0.00 1.89 0.00 163
Cabling & junction boxes 0.00 0.00 0.00 0.00 0.00 3.75
Contrel unit 0.00 0.00 0.00 1.26 0.00 2.83
Inslrument, Rzme 0.0 .00 0.00 1.26 0.00 36.79
Instrument, flow 0.63 0.63 0.00 0.00 0.00 2.52
Instrument, general 0.00 0.00 .00 .63 0.00 3.74
Instrument, level 0.00 0.00 0.00 0.00 (.00 1.83
Instrument, pressure 0.00 0.00 0.00 0.00 0.040 1.83
Instrument, temperalure 0.00 1.26 0.00 .63 0.00 5.03
Internal power suppHy .00 .00 0.0 0.00 0.00 1.89
Manitoring 0.00 .00 0. 0.00 0.00 0.94
Other 314 .00 [PELY] 0.63 1.26 2.03
Fiping 0.00 0.00 0.00 0.63 0.00 1.26
Suburnit 0.0 0.00 0.00 0.00 0.3 0.63
Support (.00 0.0 0.00 0.63 0.00 0.63
Tube coll 0.0 0.0 0.00 0.00 0.00 0.63
Urikncwi 1.88 n.00 .63 1.26 0.00 B.13
Vales 2.5¢ .00 0.00 1.26 (+.00 5.03
Total 3.81 1.8% .63 10.69 1.83 100.0

The figures are percentages of the total failure rate for the actual maintainable itemAailure mode combination.

AR

© CREDA
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Failure dascriptior versus failure mode, to be continued
tem: Heaters and boilars

AIR ELP ELU IHT INL CHE
Blockage/pluggad 0.0 0.00 0.00 0.0¢ 0.00 0.00
Breakage Q.00 0.00 0.00 1.26 0.00 0.00
Cavitation .00 0.00 0.(H) Q.00 0.00 000
Clearancef aligriment Failure 0.00 0.00 0.00 0.00 .00 .00
Caontamination: (.00 0.00 0.00 5.66 0.00 Q.00
Control failure 1.26 0.00 (00 1.26 0.00 0.00
Corrosian 0.63 .63 (.00 2.52 .00 .00
Defomation .00 .00 0.00 0.63 (.00 .00
E ectrical failure - genesal 1.89 .00 (.00 1.89 .00 0.63
Fauly signalfindicationfalarm 2.52 0.00 0.00 0.63 n.0g 0.00
Instrument Failure - general 2.52 (.00 0.63 33.96 0.00 0.63
| eakage 0.00 0.00 1.26 £.00 0.0} 0.00
Lopseness 0.0t {1.63 0.00 0.63 0.0 0. (KD
Material failure - general 0.00 0.00 0.00 0.00 0.63 0.00
Mechanical Failure - general 0.00 000 0.1 4 40 0.00 0,00
Misc. external influences 0.0 040 .00 0.00 0.00 0.00
Miscelfangous - general 0.00 0.00 0.00 0.63 .00 {100
Mo powerf valtage 1.26 0.00 0.00 0.00 0.00 .00
Mo signalfindicationalarm 2.52 0.00 0.00 0.00 .00 0.00
Opcn cireuit Q.00 0.0d 0.00 1.26 .00 0.00
Cther 0.00 .00 0.00 0.00 0.00 0.00
Out of adjusanent .26 0.00 g.00 0.63 0.00 0.00
Short circuiting .63 0.00 o0 .00 0.00 .00
Sticking 0.00 0.00 .00 0.63 (.00 .00
Unknown 0.00 0.00 .00 .63 £.00 .00
Total 14.47 1.26 1.88 56,60 0.63 1.26

The figures are percentages of the total failure rate for the actual failure descriptorffailure mode combination.

© OREDA
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Fallure descriptior versus failure modae, continued
Itemn: Heaters and boilers

OTH PDC PLU SER STD Sum
Blockage/plugged .63 0.00 0.00 0.63 0.00 1.26
Breakage 1.26 0.00 0.00 0.00 0.00 2.52
Cavitation 0.00 (.00 .00 0.63 0.63 1.26
Clearanced alignriert failure Q.00 0.00 0.00 0.63 .04 0.53
Comamination 0.00 .00 .00 4.00 0.00 566
Contral failure {1.03 0.00 0.53 0.00 0.00 3.14
Comrgsion .63 0.04 .00 1.26 .00 5.66
Deformation 000 0.00 Q.00 (.63 .00 1.26
Electrical failure - general 0.00 0.00 0.00 0.00 0.00 4,40
Faulty signalfindicationfalarm 0.00 0.63 0.08 0.0 0.00 377
Instrument failure - general 1.89 1.26 .00 2.52 0.00 43.40
Leakage 0.63 0.00 0.00 000 0.00 1.88
Looseness 0.00 U.og 0.00 063 0.00 1.83
Material failure - genaral 0.00 LU0 3.00 0.00 0.00 0.63
Mechanical Failure - genesal .63 0.00 0.0 0.63 1.25 6.92
Misc. external influences 0.63 0.00 Q00 (.00 .02 0.63
Miscellanecus - ganeral 0.63 0.00 0.00 0.00 .00 1.26
No power! voltage Q.00 0.00 0.00 0.06 (100 1.26
Mo swnaliindicationfatarm Q.00 0.00 .00 .63 Q.00 3.14
Clpen circuit .00 0.00 0.00 0.00 .00 1.26
Other 0.63 .00 0.00 0.00 0.00 0.63
Dt of adjustment 0.00 0.00 0.0 2.52 0.0 4.40
Short circuiting 000 0.00 0.00 0.00 0.00 0.63
Sticking 0.63 0.00 0.00 0.00 0.00 1.26
Unknown 0.63 0.00 0.00 0.00 0.00 1.26
Total 8.81 1.83 0.63 10.68 1.89 160.0

The figures are percentages of the total failure rate for the actual failure descriptorffailure mode combination.

© DREDA,
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% Setup the GA

global pop
npar=\Y; % # optimization variables
Nt=npar; % # columns in population matrix
%
% Stopping criteria
maxit=)++; % max number of iterations
%
% GA parameters
popsize=Y +; % set population size
mutrate=+,°; % set mutation rate
selection=",¢; % fraction of population kept

keep=floor(selection*popsize);% #population members that survive
M=ceil((popsize-keep)/Y); % number of matings
odds=);
for ii=Y:keep
odds=[odds ii*ones(),ii)];

end
Nodds=length(odds);
%
% Create the initial population
iga="; % generation counter initialized

for iz=) :popsize
pop(iz,:)=randperm(npar); % random population

end

pop

cost=feval('mm’',pop); % calculates population cost using ff
[cost,ind]=sort(cost); % min cost in element

pop=pop(ind,:); % sort population with lowest cost first
minc())=min(cost); % minc contains min of population
meanc())=mean(cost); % meanc contains mean of population
pop)=pop

%

% Iterate through generations

while iga<maxit
iga=igat+); % increments generation counter
%
% Pair and mate
R=[+,3¢), 8, A0F, o ¥a) ¥ £, 00,8000, Y0V, Y ), A, 400, Y %total failure
rates
y=[* A ST A FA I (-1 SRY-FRUL VYRS I FRIE F PRI A P ¥ 1 RIS Z-FR IS =P ,'K‘\];% for AIR
failure mode
mutrate=+,*°;
tt=-;
M=ceil((popsize-keep)/Y); % number of matings
prob=flipud([ ) :keep]'/sum([  :keep])); % weights chromosomes based upon position
in list
odds=[+ cumsum(prob() :keep))']; % probability distribution function

Y¢
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pickY=rand(),M); % mate #)
pickY=rand(),M); % mate #Y

% ma and pa contain the indicies of the chromosomes that will mate
ic=);

while ic<=M
for id=Y:keep+"
if pick) (ic)<=odds(id) & pick(ic)>odds(id-")
ma(ic)=id-);
end % if
if pickY(ic)<=odds(id) & pickY(ic)>odds(id-")
pa(ic)=id-);
end % if
end % id
ic=ict+);
end % while
ma;
pa;
%
% Performs mating using crossover
%ix=":Y:keep;% index of mate #)
for io=Y:M
for i=) :npar
h=pop(ma(io),1);
g=pop(pa(io),i);
MTTF =) /y(h);
MTTEY=)/y(g);
if MTTFY<MTTFY
q=h;
h=g;
g=q;
end% end if
xi(i0,1)=h;
yi(io,iy=g;
end% end for

for we=):npar
for qr=" :npar
if qr~=we
if xi(io,we)==xi(i0,qr)
for qw=":npar
if yi(io,we)~=xi(i0o,qw)
tt=tt+);
end
end
if tt==
ss=xi(i0,we);
xi(io,we)=yi(io,we);
yi(io,we)=ss;
else
ss=xi(io,qr);

Yo
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xi(io,qr)=yi(io,qr);
yi(i0,qr)=ss;
end% end if

tt=-;
end%if
end%for

end%if
end%if
end% end for
cost=feval('mm',pop); % calculates population cost using ff
[cost,ind]=sort(cost); % min cost in element
pop=pop(ind,:); % sort population with lowest cost first
for po=':M
ee=xi(po,:);
1= yi(po,:);
for ix=":keep
for p=):npar
pop(keep+ix,p)=ee(p);
pop(keeptix+),p)=rr(p);
end%end for
ix=ix+Y;
end
end
pop;
% Mutate the population

mutrate=+,*°;

nmut=ceil(popsize*npar*mutrate);

for ic = Y:nmut
row Y=ceil(rand*(popsize-)))+);
colY=ceil(rand*npar);
colY=ceil(rand*npar);
temp=pop(row,col));
pop(rowY,col))=pop(row,colY);
pop(row,colY)=temp;
im(ic)=row);

end

%

% Sort the costs and associated parameters
part=pop; costt=cost;

[cost,ind]=sort(cost);

pop=pop(ind,:);

%

% Do statistics
minc(iga)=min(cost);
meanc(iga)=mean(cost);
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end %iga
%] cost,ind]=sort(cost)
popY=pop

% Displays the output

disp(['optimized function is ' mm])

format short g

disp(['popsize ="' numYstr(popsize) ' mutrate = ' numYstr(mutrate) ' # par ="'
numYstr(npar)])

disp([' best cost="numYstr(cost(}))])

disp(['best solution'])
disp([numYstr(pop(,:))])

% cost function for problem

function dist=mm(pop)

global pop

R=[~,°lc\,ﬂ\ﬂ,/\oc\‘,dﬂ‘\,Yiw,‘\w,q;\c\,\‘ ~s\/,7'~c\,/\‘\‘\,C\Tc\'ﬂ\‘];%faﬂure rates
IPLs

X=1,0 0 EA;

%PFailure mode

popsize=Y +;

npar=\Y;

k=+;

=+

h=+;

e=Y,YA;

v=ry

SEV=[tercrenirinininincnincnincnincrcncncnen;
y:[~,*ic\,V\c\,YocY,~°c~,Q/\c~,Y26~,2/\c~,VYcT,VT‘s',VOﬂ,Voc\,ic\];%total failure
rates for AIR failure mode

rr:[q\/c/\\/c\ . ~c‘“fcoicYY’c\//\ci06/\‘1cTVcV'\sV\'];%Repair(man hours)
U=[~s~s~c~c~‘~];

O=[~c~c~c~c~c~];
Repair=[+crcrcrcrcncncncncncncncncncncncncncncn;

w())=x;

for i=) :popsize % cost of each chromosome
for j=Y:\Y
U()=R(pop(i,j));
O()=y(pop(i.));
MM(j)=rr(pop(i,));
end
U;
O;
t=) e
for z=Y:\Y
W:[\s\g\‘\c\c\s\]
w())=x;
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if (O(z)~=")
=0(z)/V * +;
w(zH) )=w(2). *(£*(e. (D). *1));
k=(w(z+)).*t)+k;
h=U(z)/\ *+;
d=MM(2),
v=d.*((V-(h.*(eN((-h).*1)))).* (O (£ *(e. (D). %)) +v

t=t-)71;
end%end for

dist(i)=(°.*k)+() *.*v); Y%sev(i)+Repair(i)
k=+;

V=l

end% end for

dist

end%% Create figure

figure) = figure;

x=VY:V e

plot(x,r,'b";x,z,'d");
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