““\“)ﬁﬁ}}‘}fﬁ"‘o)ud\ a))b MLZALA})

(RBD) (59l p1,513 i3y 4 CNG Gl y £ gw 0l (sl St (L

AN A b pdy Fu,

AV YA il g o

Tl (6 pn Lo yhesn o st i

A/ SV redlys gl

oS>

(3

oS iy o Llato g (5 qolie (3o 53 Cudgionn g (slaosiy¥T (318 13 SU g lyis 4 (CNG) 04 03,88 anbs 5 Coanl 1800 g dino
e Lol (o sl 05 0 0 ol sy sl oSl dmg al3l el 3l gl Jlo (b 35315 5 23k 4 G a5 odlisl g e
55 Ol 313580 bgrye bt (ol Sl Jl (S0 il VL (3 oy 0 b (hlasi | ot (250 4030 (L2 ENG Gy o claolSil>
3y3e o bl ololis pslate 4 CNG il g oSl livab! bl (RBD) luebl colls Soby o155 Jo 5 solizl b adllas oyl 5

£8)S 5 bl

Pl ) Jlw 53 )b g ol 5 @l Hlpes CNGIYV- oSl )5 & ol (Case StUAY) (g 3550 adlllae Syl imghy oy 2 (99
bl Loj)l (b )33, asiie pin S CunSid )3 juS 8 ke ¢3S 0 Olisebl Cubll g cunSl 5 4 a2 95 b oS nl )3 by
s o Ooly Sliaas (sl oS> osad ¢ s i 3 3NS5 Sl il B SddE g s oy 5 lolid I g lizel

P e s (Sl gl Glall ¢ b)) Sl Jlod g dogiye sla Jge 8l esliiul ¢ (8 plaasiie § GLulis)lS (i 650 L
laplall +/AY lisebl ol b 2b o (K, jub g +JAFS lisabo] bl ygupsa cr/8 lisalol s b PLC cliugos ol s oy o golis il

VPRI e

33,5 Sty iselsl bl Uil g il slalell 1Sy sl (Sigsl 5 oslisiel cadllan ol )3 26 05 A

S5958l anSs (RBD) labl bl (Sl pl,5Ls Jao CNG by b guo ol a0 lgals

S132] Slabod a8 ol s (lisabl oL
Jio O_g.\ bﬁ)l_f Dol sy ‘_'j ol JSis
RPN JU EYWV A  SPI OVN 2 G V1 L R PR 3 UV
3l 5 Sgiagn Jold il Clilas g 039,
Cps (oS ) ol s sl o5
Oglogil i (S LS stz L (gjludas
— ol (S 5 lisebl < b8 RBD jl edlal
V] il 035—od dwls g (il Iy e ilo
035 plodl Clallle (55) p 48)5 ©jg0 (Sl )
aS ob lis RBD Suss digej g0 0S5l )5 o
RBD Juo (Suilius J5il (e Sl Smgy
s B adls s sl g sly 1) oS
&)= RBD o, 5l 92> gula ¥] Caol 03l dawes

EVRER

Slizl Gl 5 wsine lapiuge (5 odomy b
lagsgy L Lal 5 )Shos 5956 o (sl gy ]
ool LS 5l b 1l Sas il (550l Bl
g > S 589 crge piu 5 o Jgae
Slizrge (> Dlgie ol s & g 2500 o
JSd iy larome g anel> (gl SUjls cnnes
iyl Sl by jledlail cplpls )-8
0950 (i Uy 9 Bt 3Ses (6 Gliebo]
DV el Sl 5 6p908 syl il 1)

(Reliability Block Diagram)RBD Ji -
61}—?'] O QLBLS)l u_i.a‘)f dul_m ‘_51).} Lg)l}g]
sl 51 So o b as el piun S wilise
Joe cnl 3 290 )18y Ssby S G904 e

shahnazmahdavi71@yahoo.com . |l (s <yl xs Olaiss 5 pale o&uiild (65 5] 9 Camnj Lawore 0aSCisly HSE ady wid )l aoliss )8 (Jgiams 0diamyg) =)
Ol el ey lisios g pole olRuiily (65l 5 Con Laoeo 04Siils HSE 055 skl Y



Ciaw oLl an yolaid! o] o devr dgus &S
MIEIY 20,5 0 ol Sl ol 5, CNG Sl
3)9 9 ol Sl j9 oS )by S b bawgs
i La el I cowl 8 )3 )1, 8 (g)lby 00
Ail e eSS oLl )0 eolaiwl 5y9e iljpes
3l (o pj dlge Jold Budod ol ploxl ol
plas hl )3 5 el Ol i ot il
L)l sl &5 505,90 oGl &) by pe ML
Ol 23)5 )9l gex Cunl L5 3550 (linebol il
P&ID L (63)lso ol IS jo b 4y cole ML
9 b Sl wl L ls > odlaiwl 5y9 0 lj a0
ool Clias )5S g g s Jodllygid
oLl 3 39290 (bl Sljigod e 23l
5 &35 )8 plulid )90 CNG Sl cégu
0,5 (s 3RS e bgye aidsg
ad>po ol 3 1 3RET B eSS E 5 oS
&wd 90 4y CNG Sl cédaw oSl wljes
Gl 55 85 Slimes Jgl awd 0 (s
L g 43l> 3¢9 [A] (OREDA',2002) g 50 ;5 Ll
9 5,5 gl Sliaos cwss F ol ) eslatul
Sy @2l 3 o) Sl £ &5 i pgd et
dilsjl &S Sl bl ) eslizl b o azsl
g 0y 30,8l i e (69l ger bt (sla s
&t O ptore | (S 48 )y 0yt paasiis
@bgyye gl Jgoyd 3l ookl b ¢ asly o e
SRS g silaloly Jedllygiws ol 2,81
ol 00933y 053l jewd Billas Ol g
alyo cnl 3 1320 g Glaebl Sl b))
=B koo )3 &S juaad pp CunSl g5 5l oalizal L
Sy g olola 3 )Slos Gloj Gto g 4Dy
Jge 3 5 ooliiul b s (liseb] ChiB (olo YY)
43,5 e (BS EN 61078) s

R (t) —e —At

5025 Gl bl R

2 Piping and instrumentation diagram
?. Offshore Reliability Data

Sk 5L 3gy 4 CNG il g olSyle olisebol bl b))

oalaiwl lygiws 3 Cansls Jloin] 1:ke duslre
s S ool (sl sy UL, 0] 350
A L e ilse — g sl i lisel]
aS g5 &)l gole g Slmu Sl glalls 28,5
2 e b e (B o (ke S5
5 [V] 359) cawd a5 (Sob 15U (65lw ool bawgs |
e L alie gl S5 0 ) pliebl el SSL
S LS iy 55 gt i Sl sl
3 odsl Conds ol § dswlite oSl Jio
[A] 90 auslio o L 1) (S35 53 (2]

plosl Clallbe (g9 j 485 ©jp0 Sbb (o)
iS5 ol 3] oolisol b (sladllas 65 guam 3l ol
A cdly NG Sloy cégw ol 5

<l oLl slp (s Ghgy S RBD SUsS
B 5l gl A o gy 4 Cund 5 00y th:"-u
el oUles Jae Jao cpl ol jloy95 0 s yu g
4 LS RBD Juo S odalino b oS Sixe opl &
B L s JS 3 ple B3 a2 gt Sl
it bl 1l e SLiS5 ol oo o eljol
A aS aad i g Lles Gastie oot w ) el
Wil (oo silake sl gyt 4298 ol (bl
i)l sl (Sok el Ui, el addllae 5
030l ONG s,y g 0lSols el ol
45 Cwl oais 03ld Ol ¢ b, O’ll 3 &S Cawl o
S )3 4565 i laslall (2,558 s>
8l (o Sge it JS (13,5,

3 %95
Jol doss 3 (63)90 adlllan &0 4y G5 ()l
Joset Ve NG Sl g olSols 152 Jlus
o 85 plonl s e lyrd s o o Bl
Al (oo o Verre Cawg Sl 0jslaie 53 olSl>

!. Compressed Natural Gas

“ﬂ‘“‘))ijé"i'ﬁsbf g o)u A 093 w/{y/b’_“//jy ML:ALA})




IR B & G (G Sygeo 4 &S (Jlieas sl

1k oo d 5l Nl 4 S
R Sys =2, (Ry)

e & S Slge g 4 &S Slines sl g
i Jgesd 3l o i S s
RSys=1-[[[l=,(1—Ri)
IV ] s oolasl
Slodlatwlly dls o sl 3 tptinus Jlyzu ledl cpuss
50 ot IS olisebs) ol Sl gl
bilS Glwy Chg oSl o ol 5
Sl 4 b glodl o3 Sl g pasde 03,08
ol 0045 0313 Cod (5L lsabsl b8 b

il

o Olowlxe 4 a5 b Gluebl collB o)
4o oy b g 10,5 3yl /Tl 5,5 olo ¥Y
olabas Laglall (5 cignd «limes sl ¢
bl sl aS a b laSy i g y5wpmeS PLCT
iboe +/AY g JAYE /0 iy gl L]
o=l Oliebl €l ola (55 S8 4 L ol
bl (ali 8l as y e coles yd 48Ty Oljnes
LWVl Giol38l 5 o wlimms JS () lsolbol

S5 4l g S
4ty (S i plogl allbe gl bl 5
PLC ks 5 5313 Caaaid polas oylisabo] bl
oy ol Sl il Glall o]l iy sl sy
bl l3l (g 05 435 L )5 CNG Sl
sib an ol ez S 3 0lile cir S T el
lg Ml s 4 om0 4 )5 el @l
o L)l e 1) ol sja 4 dlge adlg
B Sy 25 L ©jgai] 3 kil plos]
VD 4y +/0 jsie I PLC olsebl cubls ® jais o

4. Programmed Logic Control
>, Perfect Switching

\ a
Sed g (9300 jlad

adllas 3550 01> 5,557 Lo it

S CwnSS g5k

O eyt Job > s o (M) i 5
BS EN61078) el ouiss 4b 5 , Lai 5 el
oLSsls (g3l ol 5l olo YY 4Siy) 4y a5 L (1991
2 olej 3,45 o cdalllas 3y90 CNG  Sluy g
Gl 00 48,5 a5 3 olo YV Jgo,8 oyl

st o] Col g Cnis ¢35 sl
ol 0445 03)9] Y o) o)leds Joan ;0 ICNG oSl
i1y {RBD) lisabl CallB (S o155 i
3 odlaiwl dy5 0 @l g P&ID (wwyp L dl> yo
48 gaore) a2 j A & s (Sl S oS>
O35« (S A5 getme g)gu a8 dsgerne ey
At ot e 325 R D) el (puipend (033
DB Sol o 3 e g e 395 (ol (Sl
A 0SS LS o la Sobh los om0 i oold
9 Sl b Sizmdgw 9 (Silge sy glojlbe )90
P el om0, les blijl 4 a2gi b o pl 51> )
ol 00503 puoy ¥ o ¥V ) sl S

L blizs U pisw (gjludss o coul S5 ¥
Sy 9 Slhles Bhie (olal p piuss (linebl clbllé
al oad a5 o)) 3,8des Slell 5l aes

il 0 Coley RBD s i sl 05 (S 01158

Sl Jiae S'ob o cYlois! g Lol o5 -
Do 485 Jai > b Soby ple

JB ol el So by pmo,Slee -
il lols

sl S5 50 CNG oSl clipss RBD lbges
Lol 0445 03)91 YoV
Ol ey i 57 o Lebl B 0]
o) 3 LSl Sl 51 Sy ligab] ol
1348 g (63,518 bl jl oslitl b als e
Sl 4 L g Sl 0ad usy (Sob pl,Shs
Obizebl CebB L3 sl 90y 9 st 2 Lol
4235 215l e JS

WAY 5 ed 55305 50 O oyles V) o ss[Clgb ] aslials g3




Sk 5L 3gy 4 CNG il g olSyle olisebol bl b))

CNG olSls @lipes oluebl cubls § casis 5 amlxe Jga =) Jgao

(R) bl s (celo) o () cwsszy 429 pb
< INFS ofeyy /s 290 oS
.. o[oxY ¥4 Sl Jue
-[avs ofxY \ oS (e
-[20Y ooy yV/av oliseb! s
<13 R /.y ,1S; 0
.jaay ooy -I¥a R
JJAY R Nia\s ohal)] e
CNG oSl @l Glisebl cobl g sl 5 sl Jgi> -V Joio
R) oluebs! culs ) cwss ¢ (cels) oloj MTBF 0 pb
IAY RN YYVS. WYA- - J
I ofeeeaay YYVS. BVAF- i Cagb,
i Jeee YAQ YYVS. YYOs. T Oboj
/o [+eee¥YAQ YYVS . TYos. PLC
SIAY foenes vy YYVS- Yas. . o33 ojbe
Sjle lial 3l L CNG Sloy cégw ool 5 Slas =Y Jgi>
Olizabl CublB duylie Sliabl cblB 2138l s lipolol L3 ik sl slass
- - SIvYY .
-[b. -\ - /Yoy PLC
¥ -1-0v -/¥-a 2540405
Ny 5 VY PLC
A oA Joss 6
b bl PLC pluebl cobls (il 81k b oo il 8l

CNG L;:Lw) u>9_w oLi:b- L?")DU u‘.o.” o9
Ol el 000 )5 8l wld Sl Cuond yd
VD laeb! <l U PLC 2S5 cpl 53 39390
23,5 guime dsgame (ul el (8 Sl
o olile e o o Glsebsl b (gilue sl
$ilgts dlile > & (5970 4 035 lakiiy gdgus 5k
> ) ol @ <52 g (ol cjo 4 dgme aiidg
oil8lL b e il 8l </AVD & PLC Lol
5l sl lebl e blE PLC Leb] e s
oLl liebl culbls culps jo o </YFY & +/5YF

JEYY Jlade 1 g 03500yt 38 plyd Ceond liabol
Obaeb! cblB coles 1> 9 Wb o Liulidl +/FYF &
cia S ) o3l L ONG il g olSols
b oo yuss /YOS 4 +/YYY ks I (PLC) o5l
C g ol (Sl plell (egd @ls Bllas
2l 305 B omsyseS 7Sy Ceondys CNG il
DS s 45 4l o I VY Jels 5,
Olyis g 03l LSt ) dsgone ol (liebl bl
oIl Gl g alolid cond ool ledl cp 5 (Sl
o ol sja LS palile sja G ol liebl ol
25000 (3903 (Silge b 45 00,8 lesdey Sjlye ysk
Ol < /AVE 4y /Y5 s ol laels] el

““\Y)xﬁ}:bf g o)\.a.ﬁt A 093 U/{Ub’_“//jy ML:ALA})




3
2 2 5
SEIS || <
T e

1
S931.9951 g
1 ‘7 7

J,.,fs....:_[”‘* \ s |

\ a
Jen g (g9a0e jlipd

PrErCy

i -
10
PLC

s

S5 581 e

CNG iloy cogw sl plp Sliess RBD jlages -V S

4)‘-‘-;—’7l}»‘ —

[ |

: TEF
Chacny 0
< LICEEW 2 43 jasy

ol e [ e

CNG iloy cégw ool jom S linos RBD ges ¥ S5

Cebls (aljal g Sile slial b g (il J) o
oLl ekl CblB (6390 42y (o lizabo]
Ol 45 0005 dwlbe CNG Sy cigu
Gl 0d 03y L ¥ Jgas

oLl 50 ol cligas yial38l cowl o
1A 2gds o0 aigjp Lili8l el CNG Sl Cé g
iy il Sljuge Ao e adllae oyl )
sl 48,5 )18 (gu0y 2 290

JS ooy <A (PLC) sl 55 anin m
b 0 ONG lay Cogw oSSl Sljpsd asja
i (Fail) cusis PLC ol 3 aely 4S5l
oLSole (hlasi 5 it )5 ()08 igie Cols 53 4
s lisebol CollB e ol b 3] 9 23l
o=l oplplis s o iol38l + /YOS & +/YY lade
D1 (olaidl an gl g 0dgy dd o Ay 9,0 dlginiy

).) d]

e s5n S 5l ookl Uy ONG Sl Cgus
<J¥YY 4 +/¥+q 51 (PLC) oo =55 93 g (Hgm e
Al ool

a2 s ool (n s (s 45, Billas
oLl W dgng b angi b &S sl ol z8ly yom ynoS
A byye laebl el by S cdegazs ol )
Obedl eslez Olgis 4 oS 23l o 4)laSy ola s
25,8 olulis ONG ile, e gw olSils il
2 3lile e G g o Glisebel bl (gl sl
O b &S 005 ooy lge pobo 4 ol s> ,LS
AN e ) ad Sy ol s ylisabs] llh slozi
oLl liebl cubls cols jd o </VEY & /5FF
Milo s3> SOl eslaiwl L CNG Sl cé g
2=8) Sl sj2 93 9 (PLC) Sl 32 93 [ ygu 3005
Db oo ili8l /OFF 4 < IFYY lade ) (a8 )laS

\vﬂV)}:M}}‘)JALra)WL\\eJ}J‘J/{Ug — MLJhLd)J




13 5515281

14 551529 pt |

TR ) m—

TR ) —

15,5528 pt ]

18 S o f———

CNG oy e g olSle puipusdg 035 (e Sy (S st RBD Jloges v U

(48)baSy jod) )y o il cjo apsn @
Slw) Co e sl Clinss absa JS duoyd +/Y
Ql}t‘ TR L ERWHIPR RV O 905 d}l}a L .cwl CNG
il /05 4 <IFY lade ) piwew liseb] cubls
as oSy s 3 aely 4l sl sales
5 = 4 5L )L CuiS el g 500S (63959
a)bSs b 2S dely (men g i) S iy
o i3 JL5 )Lt S el S (295
2 ogMe L8 il cpl g 0ad jgu a8 sl S
SMpiaw] g dodio by i 3, Sas 3905 adgio
L oleindiy ol ol 298 (oo o g5 9 590 a8
sdlaill angi 48)laSy (sl yd Sl auje 4 g
Sy

o VIO L SIY s dbza bcoles ;o ®
CNG lu, cogw ol Sl Oligos aiyje S
a IV lade ) i liebl cull lgs oo
Sy iolzel - /aF

JS5 203 YWY (g p008) Slilo s dinjo @
Lib o CNG Sluy cégw oSl Sljpad aija
¥ as VO ade 3l ) st Gluebl ol &S
Silye YL divje 4 dagi b (Jg o> (o0 ]34
&Jbui )" Lol b)]JJ dJLa.:‘_gl d.é).@ ).Al L')il ‘OT g0
Lo g eSS Ll (gl 4 g a8 5> Ll
A Cows YO LY. 090 0 —doliél ply cudyls
Mgt cplplo VY] 3y Jlos 4 adol (6,138 alo yuo
)b Ly jou oS (3900 Sl b 235 (o0
A+« Nm*h c8,bb b jomw oS 93 51 Voo« Nm?/h
JS o> /0 B ¥/ dgas ] i B 3gs exlitl
290 CNG Sloy Cigw ol Sljasd a i

Milo s i A o)lil 45 jolail o ®
oLl wlipos diia | uny +/¥A (PLC)
Gilso Cyao 3 aS il 0 CNG Sy Cégw
e | piuw laebl culld lade OT d4me (3900
8l anlgs il /¥ 4y /¥

““\r)ﬁﬁ}:b/n g o)\.a.ﬁt A 093 U/{//b’_"/‘ly ML:ALA})




\ 7
Sed g (9300 jlad

7. Buzacott J.A. Finding the MTBF of reliability
systems by reduction of the reliability block
diagram. Microelectronics Reliability Journal 1967;
6(2): pp 105-112.

8. Dhillon B.S, Yang N. Comparisong of block
diagram and markov method system reliability and
mean time to failure results for constant and non-
constant unit failure rates. Microelectronics
Reliability Journal 1997; 37(3): pp 505-509.

9. SINTEF Industerial Management.Offshore
Reliability Data. 4. Amesterdom. OREDA
Participants Publications 2002: pp 103-781.

10. Andrews J.D, Moss T.R. Reliability and Risk
Assessment.2. London. Professional Engineering
Publishing. 2002: pp167-170.

11. Mahdavi SH. Reliability Assessment of CNG
Station by employing Reliability Blocks Diagram
(RBD). [Thesis]. Environmental &  Energy
Faculty.Islamic Azad University Science and
Research Branch — Tehran; 2012, [Persian].

12. Esfehanian V.CNG Fuelling Station. 1.
Tehran. Kelid Amozesh Publications 2009: pp 100-
101 [Persian].

Silw i cga pl Sy Sob 5l allas oyl o
L3y 9 ONG oLl clial opm blo)l s pouas
G bla SasT ol s oolatnl luebleobls

Oligas aS o LS 5 090 ot e |y piwuw
Sy 4298 4 5l )b SOl g 9w eS PLC
938l oy b gy cpl 315l wians (ilure sl
Olwabl B Loli8l gla (S o g 5| (S &S
CNG il cdgw oSl luebledld wsl o

W odly iulsal

Sy g ol Sl ;3 RBD ST 51 ool
e Sloys olpl 35k Gl ) s (900
cilw (Sl ol o aS cunl aily ol o @ |,
ol 315525 ONG o) c89u ool (52 050 9
Dged odlasu]

&l

-

1. Rezaeian M. Reliability Evaluation of
engineering systems. Tehran Amirkabir University
Publications 2000: pp 2 [Persian].

2. Hajian H. Reliability and component importance
analysis of substation automation systems. [Thesis].
Electrical engineering Faculty.Sharif University of
Technology Tehran; 2008 [Persian].

3. Vaez N. Developing a Framework for
Reliability Analysis of Emergency Response
Detailed Action Plans with Operator Errors
Consideration. [Thesis]. Environmental & Energy
Faculty.Islamic Azad University Science and
Research Branch — Tehran; 201 1[Persian].

4. Lisnianski A. Extended block diagram method
for a multi-state system reliability assessment.
Reliability Engineering & System Safety Journal
2006; 92(12): pp 1601-1607.

5. Guo H, Yang X. A simple reliability block
diagram method for safety integrity
vertification.Reliability Engineering & System
Safety Journal 2007; 92(9): pp 1267-1273.

6. Dhillon B.S, Rayapati S.N. Reliability analysis
of network with human errors a block diagram
approach. Microelectronics Reliability Journal 1987;
27(6): pp 981-999.

\vﬂ“.)xﬁjé‘)‘/ltra)u AR e)})‘ﬁ{//g-://‘y ML'-ALd)J




‘ Abstract

Reliability assessment of CNG station by employing reliability blocks
diagram (RBD)
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Abstract

Background and aims: The importance of compressed natural gas as a clean fuel to reduce air pollutants,
restrictions on the supply of oil and preparation and use of natural gas, costs less than gasoline and diesel
during recent yearshasincreased the supply of development sites in the country.Closed fueling stations Survey
shows an important part of these statistics which is the high failure rate of equipment and related systems. For
this reason, in this study by using a reliability block diagram modeling (RBD), it was evaluated in order to
identify the critical elements.

Methods: This research is a case study which was done in fuel station (CNG) number 110 in Shahriyar city in
2011. In this study, given the failure rate and the reliability of any of the equipment, which share in the total
failure of the system was determined? In assessing the reliability of identifying and verifying and Process
Maps, Diagram block diagram depicting stations Diagram block diagram depicting stations were used.
Results: The results showed that the lids of equipment PLC reliability0.5, Compressor reliability0.846, Valve
with reliability 0.91 are critical elements of the system.

Conclusion: In this study, the use of redundancy for each of the critical elements for increased reliability is
proposed.

Keywords: Compressed natural gas station, Reliability block diagram, Failure, Redundancy.
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