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chemical chemical
knowledge
Project Supply Late delivery Delay in Fire at Alternative
chain of component project factory supplier
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Risk assessment process

Risk analysis

Tools and techniques Risk Risk
Identification Consequence | Probability | Level of risk evaluation

Brainstorming SAD NA?) NA NA NA
Structured or semi-structured
interviews SA NA NA NA NA
Delphi SA NA NA NA NA
Check-lists SA NA NA NA NA
Primary hazard analysis SA NA NA NA NA
Hazard and operability studies 3)
(HAZOP) SA SA A A A
Hazard Analysis and Critical Control
Points (HACCP) SA A NA NA SA




Environmental risk assessment SA SA SA

Structure « What if? » (SWIFT) SA SA SA SA SA
Scenario analysis SA SA A A A
Business impact analysis A SA A A A
Root cause analysis NA SA SA SA SA
Failure mode effect analysis SA SA SA SA SA
Fault tree analysis A NA SA A A
Event tree analysis A SA A A NA
Cause and consequence analysis A SA SA A A
Cause-and-effect analysis SA SA NA NA NA
Layer protection analysis (LOPA) A SA A A NA
Decision tree NA SA SA A A
Human reliability analysis SA SA SA SA A
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Bow tie analysis NA A SA SA A
Reliability centred maintenance SA SA SA SA SA
Sneak circuit analysis A NA NA NA NA
Markov analysis A SA NA NA NA
Monte Carlo simulation NA NA NA NA SA
Bayesian statistics and Bayes Nets NA SA NA NA SA
FN curves A SA SA A SA
Risk indices A SA SA A SA
Consequence/prohability matrix SA SA SA SA A
Cost/benefit analysis A SA A A A
mg;;r)iteria decision analysis A SA A SA A
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Failure Modes and Effects Analysis
(FMEA)
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(Risk Priority Number “RPN”) Sy, cuglsl o pe *

RPN=(Probability)*(Severity)*(Detection)




(%)

. -
ez
LG T s

o

* Design FMEAs

+* Process FMEAs

* HFMEASs
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REVISE DESIGN

GET SYSTEM
OVERVIEW

PERFORM
FMEA,
ID FAILURE
MODES

ESTABLISH
FAILURE
EFFECT

DETERMINE
CRITICALITY
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Input

Design knowledge
Fallure knowledge
Failure modes typas
Failure rates

—

FMEA Process

1. Evaluate design.
2. Identify potential failure
modeas.

3. Bvaluate effect of each
identified failure mode.

4. Document process.

Output

Failure modes
Consaquences
Reliability prediction
Hazards & risk

- & & & @

Figure 13.5 FMEA overview.

Critical item list (CIL)




I3l

Rl

f/.:é LL:g"—ﬁ’,-’::-._LL}:

e

dy50 slo S )15 e )i cBlawal pomd) 0S oy b | gy szl
(S8 il b a8 s U 0590 ainl)8 g ¢ Sloj 4ol p cosliiul

(o 5o 0,81 Cldgtns do aass o8l fpess) 5JUl 4 s *

plod sl (8 lo a2 g b &l sld o 61510) L ools (5 5] o
Gzl g b s 5 do iy




o

SeSS sl #
05d BT 0l a8 (60l (10,5 Ceypd g plulis *
WS paie |y Sl mhaw g 00 Sl ) cu s F
DS Jiie S8 g, |y S g ¥
OS GJBTFMEA S 55 aVlg slow 1) Cowpd 5l 8,50 0

.%Juﬁwc!)baﬁb@@ééucfji”bwxjm,&)’!\)u&ﬁ)lf *




I3l

i

%&‘L’G%@u,

\
Aedd dlgaian 1, (Mol Slaladl

S8l gl S, Gl pladl ggs *

2l Joiame slo 09,5 L o131 *

r:b.:é‘ Ls‘g‘ @b) d> K
S eS|y golgiiny Doladl gl 2]

55 )0 e Sl Sl il g oo olpainn Sleladl iz 3151 losedsl
Sl oad g e
RTINS
VL ITLE FIE WL CIRP JER P iy

Ll Go,155 as *
| Instagram:seyed shamseddin_alizadeh  odljle pll ued s |




. -
e
LG T s

—

Failure Mode and Effects Analysis
. Failure Causal Immediate System
Component Failure Mode Rate Factors Effect Ettoct RPN
BPN = Risk Priority Number
(Reliability)
//J/ |

Figure 13.6 Example FMEA worksheet 1—reliability.
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Product Name: Devel. Team: Page No. of
— System FMEA Number
—— Subsystem Name: Date:
—— Component
Potential Current
Potential| Potential Causes/ Design

Part # & | Failure | Effect(s) of | Severity | Mechanism(s) | Occurrence | Controls/ | Detection | Recommended
Functions | Mode | Failure (S) of Failure (0) Tests (D) Actions RPN
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Effect Criteria: Severity of the Effect Ranking|

Hazardous - without waming |Very high severtty ranking when a potential failure mode
affects safe vehicle operation and/or involves 10
noncompliance wth government regulation wthout
waming

Hazardous - with warning Very high severtty ranking when a potential failure mode
affects safe vehicle operation and/or involves 9
noncompliance with government regulation wth waming

Very High Vehicle / tem inoperable, with loss of primary function. 8

High Vehicle / tem operable, but at reduced level of 7

rformance. Customer dissatisfied.

Moderate Vehicle / item operabie, but Comfort/Convenience
tem(s) inoperable. Customer experiences discomfort 6

Low Vehicle / tem operable, but Comfort/Convenience
item(s) operable at reduced level of performance 5
Customer experiences some dissatsfaction

Very Low Fit & Finish/Squeak & Rattle tem does not conform 4
Defect noticed by most customers.

Minor Fit & Finish/Squeak & Rattle tem does not conform 3
Defect noticed by average customer

Very Minor Fit & Finish/Squeak & Rattle tem does not conform 2
Defect notced by discriminating customer

None No Effect 1
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May endanger machine or operator. Hazardous without warning

May endanger machine or operator. Hazardous with warning

Major disruption to production line. Loss of primary function, 100% scrap. Possible jig lock and
Major loss of Takt Time
Reduced primary function performance. Product requires repair or Major Variance.
Noticeable loss of Takt Time
Medium disruption of production. Possible scrap. Noticeable loss of takt time.
Loss of secondary function performance. Requires repair or Minor Variance 6
Minor disruption to production. Product must be repaired.
Reduced secondary function performance. S
4

Moderate

Minor defect, product repaired or "Use-As-Is" disposition.

Fit & Finish item. Minor defect, may be reprocessed on-line.

Minor Nonconformance, may be reprocessed on-line.

No effect
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Probability of Failure Possible Falure Rates | Ranking

Vory Hioh: Falra 5 almost ingvtabe =1 I
find ;

Hign: Repeated failres | find 0
fin20 !

WVoderete: Ogcasionsl fihres {in0 b
HE!) 5

{200 |

Low: Relabvely fow faiures 1in 15,000 ]
Tin E000 2

Remete. Failure is unckely ¢ 1in1,50000 1
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Failure is almost inevitable

1in2

lin3

. Process is not in statistical conérol.
Similar processes have experienced problems.

l1in8

Moderate

1 1n 20 > .67
1 in 80 > 83

Process is in statistical control but with isolated failures.
Previous processes have experienced occasional 1 in 400 > 1.00

failures or out-of-control conditions.
1 1n 2000 >1.17
Process is in statistical control. 1 in 15k >1.33
Process is in statistical control., Only jsolated -

fallures associated with almost identical processes. |1 1n 150k >1.50
Failure is un ikelgi/‘E No known failures associated | i, 1sMm| > 167

with almost identical processes.
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Detection | Criteria: Likelihood of Detection by Design Control | Ranking

Absolute Uncertaity  |Desgn Control wil not and/or can not Geted a potential cause/mechanism and subsequent 10
falure mode; or there is no Design Conol

Very Remote Veryremote chance the Design Control will datect a potental causamachanism and o
subsequent fadlure mode

Remote Remete chance the Design Control will detect a potential cause/mechanism and 8
subsequent fallure mode

Very Low Verylow chance the Design Gontrol will detect a potential cause/mechanism and )
subsegquent faiuvﬁ mode

Low Low chance the Design Control will detect 3 potential cause/mechanism and subsequent 6
falure mode

Mocerate Moderate chance the Design Control will detect a patenbal cause/mechanism and 5
subsequent fallure mode

Moderately High Modarately high chance the Dessgn Control wil detect a potential causa/machanism and 4
subsaquent fallure mode

~gh High chance the Design Control will detect 8 potential cause/mechanism and subsequent )
falure mode_

Very Migh Veryhugh chance the Design Control will detect a potenbal causaimachanism and 5
subsequent fallure mode

Almost Certain Design Control will almost certainly detect a potential cause mechamism and subsaquent 1
falure mode
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No known control(s) available to detect failure mode.

Controls have a remote chance of detecting the failure.

Controls may detect the existence of a failure

Moderate

Controls have a good chance of detecting the existence
of a failure

The process automatically detects failure.
Controls will almost certainly detect the existence of
a failure.
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RPN= Severity x Occurrence x Detection
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Stunej;-’;'>;’§§’echnology

Risk Pnonty Number

“'ents and ]

Actions +Check

Risk priority number(RPN} =

Stepl: Detecta
SEV¥OCCUR¥DETEC

failure mode

How could we detect  Identify Pl 8 W FailureMode & \'

Stepd: Detection Effect Analysis Step2: Severity
number (DETEC) number (SEV)

\.

" How serious are
those effects?

Control Plan

ep3: Probability
number (OCCUR)



http://upload.wikimedia.org/wikipedia/commons/3/32/FMEA.png

. -
e
LG T s




. -
e
LG T s




e i s

& o
( s"a'..': S

sy cos ol ﬁl.?u‘ Y
(s‘ '.."":"“

LQ . e )OL;

Sl s ] s
Lo

(5)' o . )JL; . oo



=0 -
ez
Lodhs T s

e i s

9,00 Cwy0b 39205 sl cwd plol pac )

(2 S

& ylow O S ey sy cos ol ‘z:l.?d‘ Y
(S )

5 bl 56T ¥

LQ . e )OL;

Sl s ] s
Lo







. -
&=
LG T s

T s e

Slog)lo ja925 . 9,8 o ¥

9,10 Caw ,0b 590 ez Y




T s e

k§$l.....«.S| L_gl.L:."> A

30 SleMbl 59> pac Y
9,18 9,94

r:)y ‘ ,a..a;u‘ 5 w‘w Y
Lyl o 4y axg5 pac )
(g O ej9) 02

ﬁ)y ua.a.?é’ .)3.?-9 (:o.c Y

5o uLC)Uo‘ Sg>g ﬁd@ A

9,10 9,9
oY Laass uila Y

Slog)lo ja925 .

9,10 Cew y0b 590 ez Y

9,10 g Y




T s e

Lol 50 cal o) Sl sl )
9,10 3,50

r:)y ‘ ,a..a;u‘ 5 w‘w Y

Lyl o 4y axg5 pac )

(g O ej9) 02

ﬁ)y ua.a.?é’ .)3.?-9 (:o.c Y

5o ub)Uo‘ Sg>g |BJ.C- A

9,10 9,9
oY Laass uila Y

Slog)lo ja925 . 9,8 o ¥

9,10 Cew y0b 590 ez Y

G0l il 3 g Y







T s e

A 0,8 dxxly0 pac ) a dsens Lo, Y
Cil o Cys sl THEPRN
3)‘0

3,8 ol 5o ezl s Y




e 1 s e

Sloys o pas & 3,8 dxxlye pac ) 4 asens Jlo,l Y
g0 50,55 cdb o Cdlge Cil o Cys sl alzg,l0
lo
bp)

sloys o eas 5,8 im0 dxxlye Y

g0 50,55 a0 Cdlge CHEPAAE




e 1 s e

Solows o 5 pusg Sloys o pas & 3,8 dxxlye pac ) 4 asens Jlo,l Y
3)‘0 QQ)SJ Q.ASL’)Q US‘Q.C Cfél.l)b U.Q‘.‘> 43[55)‘0 43L§9)L>
o
bp)

sloys o eas 5,8 im0 dxxlye Y

g0 50,55 a0 Cdlge CHEPAAE




T s e




T s e

aSes (yog Llgs pas . &l>g,ls 40 g,lo e .F

ol 2lidl g ¥




T s e

A 409 Llgs pas .
Sl ylais| 5l eolawl ¥

el a2 slagyls oo )
QS;L"“';‘ LSLb Y

Jo shreze Jalge ¥
ok gl gy
ailzg,lo

cS)Q 9 udu‘? \

s calasl Jygo ¥

ailzg,lo jo g5l ez ¥



FMEA 5,5

b salllg e o] 4 sl oy o 0 NPT Tgapbd OOLFMEA s
il 3 5 e (5 g e 3 81 0 B
ol el | 30 ot il gt g ol (50 0l S T 5 g pia 7
REY
JLn:.-m-l JLn.'..-n-I . ) . ) . .
oo | ORI gl i | 08| S| T ] ol & 1 wbeds | abicdls |
e (RPN) e
}1 salisl
Sl gl el o 7 Sl
g § 3l pas ,
Nl gl | 4l ity Ol ! f Y i eS| el
‘b..\.ml
3 e i PM alaxd
olosg
3 adlial
I 5 g piss
ST i
Vi lall | &l i O st | ¢ R ol
o ST d e | PMalad | g
9 pobes i3
e Sy YLl
glex?
A b pladd Sl s . .
3 adlial by & pasd | Y ¥ S5 S JE R ) Pt s plsd o
cllBb & P

RDS  [F  ARABIC [SAUDI ARABIA)

e




M

Yoy ﬂ ﬁ yled
(gl el E 217 g alggy b i cde (uals) ol ol alsgy (ths) il cllr (e |FMEAISA
- o BT — :] 3 PROCESS
pladl G dyrge gla Cung® [ pludl gl 31 ol gl Cud
bl gludl @l
plail gl S b g lSan .
I g ot ol il . ca gl ey g lus 2 B i )
ol gl o pldl 35y e it gl CoT o R e s )8 5)8 ST IR S0 8] e S g i aly] s Skl FMEA-D01
Coalgr Al L gle Cud plad pue
le g Jasd g
G g Slasd w2ty 2y N
aaaile iyl ol plal | 28 0 b g lBan el g Sl i S at bt ks 2B &yl pus
2 A S ; b el ‘ i - (Lo Fid ‘ d = = ,
! - - sl sy Jlazel sl myl 51617 ’ - 1] el i gLid uldl
ally gy 3g g il il S cla bl gl gl ey qo gl COY ;3o
il
e gl Jorly s . ,
" Jrf g g g s
Mg g Sl unly 34y .
) whialgw dhisey 31 gl
dply by Clpadf plal | STl gyl playl 0 T eyl 8 g 0 ey s | ol 0 COT 308 oy
. Slalhs oy flazsl ials 135165 o ) e gL als
allygy g g ot ¥ gla o gpilucil gl (gl ey 39 gla P2
ol Jul s <
[~
sl iyl ol plail | glagl g olad uslyomg | ol slasy 3 gfils e llyp Bl ol el pue
: . : sl g gyl il - olasbl g
Oyl iy aguiiadigy | i b gglan gl ya | glaths dlusy Juo! Jals MO[ 6 [ 5 [ 8 [ oo plal pue gl gl 11! e K Jhid auld pus .
ML B iyl gl lad AL N o
wilyfl ol plal . .
. spligh g ol dolyagy | w37 jl Gl | st gL syl e 9y - e
4l ayg cutgin | IJ o #7168’ . ) il e clnle 3508 pap 735 by 1 P
alegla 52 2 & el by g g Yl i
COT usl;
oyl Clyand? pled . kg g 3l gyl .
, 5l g Slpuad daly 2y R . st Jld gyl o 4y - . o Ll L alyf 28
4l sy s | L gl & el 3l gl w756’ ‘, e 241l e bz & g gy o
COF uoly [ b s s Eag |l ol w3 3 SHl ity
il Olyusd ald i )
Ay e waly dgry dlydl ol gpafiiy st JLeB gyl g 3y . :
a1y 8959 Cusgian L o o . Bl 716|8 . N sl Farpa gla clnle g Discharge oy Jx.5.
2 fl=a ela = Cls Vawll oz on [ Pl - Tl Y ala (Y. S ATl i
) ) Sheet!

H E

M -———+

837 AM

(=]

[eE]

[==]

[r=1




. -
e
LG T s

M\"LO)L&OOA&‘@);GO

f \4

51 eolawl I

3L pue
b &l ™
. 19 3
cobils s el oy
Yo olmeb! VP oM Sl o B
b pleil pas
9 plie PM

6‘ 0)50




. -
e
LG T s

M\"LO)L&OOA&‘@);GO

f \4

31 s law! [\
’ Sbpas

‘, A y Y ¥ Lol )ﬂfu s g oS Mgaw!
bl U ne :
S <l”
YU oloebl  F O Sl o s
b pllpae T
Y s ¥ y 9 phiie PM

6‘ 0)50




= -
=
f/,‘d Lo (=T s

M\"LO)L&OOA&‘@);GQ

f \4

31 oslau! I )
QYD.see.00e Lol o )Lf PM o]
J E2LH ‘,A v v v : “)-n-é.”-?“ faut 9 ‘ y.e,.....,’
JL» u-gJels s ‘s.,‘)’ ‘s’bé
YU lgebl  Fe 0T Sl o s
L) ? tes 000 CSN)).L? fl&i' 'ﬂs\.ﬁ -
’ JLw ;‘ﬂ Y Y s 9 o PM

6‘ 0)50




. 2
Firee
f/,‘d Lo (=T s

M\"LO)LMOM‘@);GQ

f \4

31 s law! In)
) -
Sbpas

YO.o0e.00e L & g ‘ 5
30 - ‘,A v v v :i-? w9 JBl‘.o‘..j.»l
YU glseb!  1F R
9,000.000 gf'*’))b flﬂu' P o
7Y Y Y v 9 peliko PM
JLM’ )‘b ‘5| 099




. -
e
LG T s

—

& &l pmeni \ T A

&9
Hi9al e jj’:' |
12: It s aite 3 T
< A T e
Sblas pM Fe
Pl s
g
Sals
4 d42lgo
el sl

3990




. 2
ez
f/,‘d Lo (=T s

—

Q A

& Ol oy Y

AY) 840
(2 oo
AQ) iyge!
(o gl
e el e u:g..) s
et . . 9 o
bl 144 b Swile T
o AQ) plaitpae T
o
(S pM Ee

S
/\Y) C.'a,ao
(2 oo

ity

4 4>lg0

celw )k

AY) 395 59
(L s




- -
s {r';":gz
Zodts T s

o

Q A

& Ol oy A
Yo \ I g AY) 840
(J wo

f/\ i A A AR) 390!
(2 oo
oS Mgew!
ey <l 2l
Ve A Y A N A et Seilso
o A) plxil pus
(s pm S
S
A \ Y YAV Oge
(2 oo
Sials
4 aglge
Yy Y ¥ Focele ks
AY) 395 59
(L s




G

f/.:é LL:g"—ﬁ’,-’::-._LL}:

e

a se0 o0
JL») )
)Q Y_ooo.ooo

Jlw

)Q \.000.00»
JL

‘“0_000_000

JLw 4o

QF . eve 000
JL») )

Y.

A

& Ol oy
AY) 2840
(2 (oo

A) u'»)g.oi
(J (oo

T
bl

o AR)

(b

S
AY) S0
(s oo

Sals

4 aglge

el )k
AY) 395 59
(L s

YFF

“51@,"40‘ ol
G-} |45 ol
focd “:7;:’&0 3 ol
G T Aq gl
plxsl pas
PM .‘swé




G

f/.:é LL:g"—ﬁ’,-’::-._LL}:

—

A e 400 “ U')JM
o 5o Y. 1 o f o AY) x3g0
= (s o
QY.QQQ.QQQ Aq oY ‘|’
) £ A \ A " ) Rige
Jle (J w0
s el i) 43 )
KA RRET Ll .o ‘5")’ 30&2&)0
S b \'FF e Swilo
Ve A Y ) 4 . A glowe
Jle o Ad) plxil pas
(b PM
Y‘O e 400 &-"Sl’. M
'Lw ..> A Y v ¥OAY) Geo
ity
*9.000'000 4." w"‘
» Yy Y ¥ Focele ks
e g2 AY) 395 59

(L s



G

f/.:é LL:g"—ﬁ’,-’::-._LL}:

e

VD .oee 000

Jlw 4o

)Q Y_ooo.ooo
JL

)g \'000.000
JL

‘“0_000_000

JLw 4o

QF . eve 000
JL») )

Y.

A

& Ol oy
AY) 840
(J (o

A) u'»)g.oi
(J (oo

s
bl

o A1)

(K

S
AY) S0
(s oo

Sals

4 aglge

el )k
AY) 395 59
(L s

YFF

3 }LW' “w ‘
(Ox ]| < "’“, 2
" 5 9 oo
wtlyd (Sl Ly lo
plxil pas
PM T




G

f/.:é LL:g"—ﬁ’,-’::-._LL}:

e

VD .oee 000

Jlw 4o

)Q Y_ooo.ooo
JL

)Q \.000.00»
JL

"’0.000_000

JLw 4o

QF . eve 000
JL») )

Y.

A

& Ol oy
AY) 840
(J (o

A) u'»)g.oi
(J (oo

T
bl

o AR)

(b

2 e
AY) Do
(B oo

Sals

4 aglge

el )k
AY) 395 59
(L s

YFF

3 }LW' “w ‘
(Ox ]| < "’“, 2
" 5 9 oo
wtlyd (Sl Ly lo
plxil pas
PM T




G

f/.:é LL:g"—ﬁ’,-’::-._LL}:

e

VD .oee 000

Jlw 4o

)Q Y_ooo.ooo
JL

)Q \.000.00»
JL

‘“0_000_000

JLw 4o

QF . eve 000
JL») )

Y.

A

& Ol oy
AY) 840
(J (o

A) u'»)g.oi
(J (oo

T
bl

o AR)

(b

S
AY) S0
(s oo

Sals

4 aglge

el )k
AY) 395 59
(L s

YFF

3 }LW' “w ‘
(Ox ]| < "’“, 2
" 5 9 oo
wtlyd (Sl Ly lo
plxil pas
PM T




G

f/.:é LL:g"—ﬁ’,-’::-._LL}:

e

VD .oee 000

Jlw 4o

)Q Y_ooo.ooo
JL

)Q \.000.00»
JL

‘“0_000_000

JLw 4o

QF see 000
Jlw o

Y.

A

& Ol oy
AY) 840
(J (o

AQ) iyge!
(J (oo

T
bl

o AR)

(b

S
AY) S0
(J (oo

Shals

4 aglgo

el )k
AY) 395 59
(L s

YFF

3 }LW' “w ‘
(Ox ]| < "’“, 2
" 5 9 oo
wtlyd (Sl Ly lo
plxil pas
PM T




G

f/.:é LL:g"—ﬁ’,-’::-._LL}:

R

YD .se0. 000 “ U')M
s Y. | I F o AY) &dge
YIQ e 400 ‘?Sl" M
o \A Y YOr ADoge
Jlw yo
(Js o \FY
oS
& a>lg0
éﬂ;_ooo.ooo
L Yy Y A SR
AY) 395 50

(J o




G

f/.:é LL:g"—ﬁ’,-’::-._LL}:

R

AQQQ *e e “U'M
L Y. | I F o AY) adge
S
Y‘o_ooo_ooo
» A \ Y YAV Oge
Jlw yo (Joows PP
seals
4 a>lg0
éﬂ;_ooo.ooo
L Yy Y A SR
AY) 39559

(J o




B-F - A S E=E=- 1= Db TMNormal | TMoSpac.. Headingl Heading2 Heading3 Heading4 Title
] Paragraph P Styles
K
Ut .
Als3h L5 n olily oo E355 oled agliyy Blaal il
. . wel3ie . L
Lis Py - " I " » oller By Sty
st | ey | asliy R
el Js! CR g aly eals
o358 RERTETS ool grs | cilpeal - hles
(s
'llﬂ Jj' ‘;._A_._u_: _..,1!_',ll_,_...h|.i
e Oy anmd
iigandyl e igandyl LA ylsn A
eiigasdy Cedigaady 5 lgn 8 RUSTET
514 H oz g i
! e ols 4 3
ol a8 s 52
g2
aaliys 1E-
\111_,_In__n_-r_'1'
Ay o
ke Js! g
Vg aed,l Vgl dnliys
wgldlay
il ned
s 5 B pla!
Cedigear 3y oy
NECEL i 3las R TULERT
b el




