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"OvDW=O
=@ =ylU} Q |Ov@C} wrw= R}v 3 pwOH QO xOW QmP |xar=]t OQwt Ciy QO
xm '=ylU} Q |@=} RQ= |rm OQm} wQ x@ xHwD =@ "CU= xOW s=Hv= |tm p}rLD VwQ
\}Lt QO =ylU} Q |O=ONQsy w p@=kDt C=QF= uwJ |}=y|oDU@=w uDiQo Q_v QO
QO xOvvmC} wkD |=yxkrL OwHw =@ p�=Ut |oO}J}B V}=Ri= w CU= C}a]k sOa
xO=iDU= CtU x@ Cq=kt OQm} wQ '=yQ}eDt uOw@ |r=tDL= C}y=t w =ylU} Q \@=wQ

"CU= xOQm p}t |R=Ux}@W |=yVwQ R=
p�=Ut R= QDW}@ |D=}�RH =@ =Q |ak=w |=}vO |=ysDU}U '|R=Ux}@W |=ypOt
p}@k R= |Dq=-wU x@ xOW |R=Ux}@W pOt |=QH= Q=@ Qy =@ "Ovvm|t pOt |R=Uxv}y@
xm OwW|t xO=iDU= |v=tR =ypOt u}= R= "OwW|t xO=O MU=B �#""" Qo = OwW|t xJ�
uO}UQ |=Q@ "OW=@v =QH= p@=k ,qY= =} OW=@ Q@u=tR w xv} RyQB |ak=w C=W}=tR; |=QH=
|=ypOt QO "OwW =QH= =yQ=@ w =yQ=@ O}=@ xOW |R=Ux}@W pOt O=tDa= p@=k G}=Dv x@
=Q w} Q=vU u} QDy@ 'G}=Dv p}rLD w hrDNt |=yw} Q=vU |=QH= =@ u=wD|t |R=Ux}@W
|=y\}Lt QO C}ak=w x@ l}ORv Q=}U@ G}=Dv pwYL VwQ u}= C} Rt "OQm ?=NDv=

"CU= |D@=kQ
C=QF= uDiQo Q_v QO =@ w QDj}kO |@=} RQ= hOy =@ OQ=O Q_v QO Q[=L VywSB
xO=iDU= =@ '|R=i FMEA VwQ =@ |i}m p}rLD s=Hv= ut[ '=ylU} Q p@=kDt

"lU} Q |U=vWxRwL Cq=kt "1 pwOH
CU}rlJ C=aq]= |Qw;`tH |UQQ@ xOvU}wvxt=vVUQB x@L=Yt |irO VwQ C=OvDUt

� � [14]

� � [15]

� � � [16]

� � � [17]

� [13]

� � [18]

� � [19]

� � [20]

� [21]

51



"""l
U}Q

|@=}
RQ=

ws}
tY

Du=
@}DW

B?
wJQ

=J|
x�=Q="lU} Q |i}m |@=} RQ= "2 pwOH

Qo}O |Q}os}tYD |=yVwQ |R=i |x} Q_v xOvU}wv
ANP FMEA TOPSIS AHP

� � [22]

=yQ=}atQ} R w =y Q=}at |oDU@=w ^=Lr � � � [12]

AHP w pDt}O ?}mQD � � [23]

� � [24]

� � [25]

� � [26]

� � [27]

� [28]

FLINMAP � � [29]

� � [30]

� � [31]

O}OH |R=i pOt x�=Q= � � [32]

=y Q=}at u}@ |oDU@=w ^=Lr � � � [33]

=ylU} Q p@=kDt C=QF= ^=Lr � [20]

� � [34]

� � [35]

"lU} Q |:tm |@=} RQ= "3 pwOH
Qo}O C}@wr]t x} Q_v C}U=UL p}rLD |R=Ux}@W 1EMV xOvU}wv

wrQ=m Cvwt � [36]

|R=i 'wrQ=m Cvwt � [37]

� [38]

� [39]

xDUUoOt=W}B � [11]
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Q_v QO '|ra |x]@=Q u; |va} xOW QiY OvW=@ xv=DU; OL R= QDmJwm xm |Q}O=kt
|xm@W w xOQm Q_v hQY |�RH \@=wQ R= u=wD|t VwQ u}= =@ "OwW|tv xDiQo

"OQm s}UQD =Q =vDa= p@=k \@=wQ
'ri + dj Q=Okt xJQy Qo}O CQ=@a x@� |Q}PB QF= w |Q=PoQF= COW %ri + dj �

&OQ=O sDU}U pt=wa Q}=U =@ |QDW}@ pt=aD pt=a u; 'OW=@ QDW}@ |rt=a
ri� dj > 0 Qo = xm CQwY u}O@� |Q}PB Q}F-=D =} |Q=PoQ}F-=D CyH %ri� dj �
�"CU= Q}PB QF= x]w@ Qt Q=}at OW=@ ri�dj < 0 Qo = w Q=PoQF= x]w@ Qt Q=}at OW=@

"OwW|t pY=L =ylU} Q |vwQO \@=wQ T} QD=t ?}DQD u}= x@
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[19]"=ylU} Q u}@ |oDU@=w COW x@U=Lt sD} Qwor= "2 pmW

Q=Okt R= xOW p}O@D Cq=tDL= GwQN � V}=Ri= w � Vy=m =@ OyO|t u=Wv � w
"Ovm|t O=H}= p=tDL= |=Q@ =Q pw@k p@=kQ}e |D}a[w xm CU= Q}PB u=mt= l}

|R=i pDt}O VwQ j}irD =@ lU} Q |oDU@=w COW |x@U=Lt "6"3
|R=i xDi=} xaUwD AHP w

Ov=CQ=@a xm OwW|t xO=iDU= VwQ wO =ylU} Q u}@ |oDU@=w u=R}t u}tND |=Q@
\UwD xwkr=@ |oDU@=w Qy |=Q@ s}kDUt |@=} RQ= "|@Uv |@=} RQ= w s}kDUt |@=} RQ= %R=
|@=} RQ= "OwW|t u}}aD OwN XYND =} w x@ QHD x@ xHwD =@ T=vWQ=m OvJ =} l}
Cqt=aD xm OwW|t pY=L OL=w lU} Q l} �C=QF= =}� pra xU}=kt R= |@Uv
x@ Cqt=aD w xOQm xO=iDU= |@Uv |@=} RQ= VwQ R= xr=kt u}= [11]"OQ=O xv=oOvJ
C=U}=kt pY= R= xO=iDU= =@ |@Uv uRw "CU= xOW |}=U=vW |R=i pDt}O VwQ
|@=} RQ= "OwW|t u}}aD 'CU= xOW KQ]t |Da=U \UwD xm AHP Ov}=Qi QO |HwR
|OOa Q}O=kt uOQw; CUO x@ |=Q@ u=Q=mty w pQ=t \UwD AHP Q@ |vD@t |@Uv
QO C=@U=Lt OvwQ sD} Qwor= w CU= xOW xO=O xaUwD =ylU} Q |oDU@=w COW
Q_v QO x@ =v@ C=@U=Lt u}= VywSB u}= QO [19]"CU= xOy=Wt p@=k 2 pmW
RSM T} QD=t "CU= xOW x@U=Lt |R=i \}Lt QO 'OwHwt C}a]k sOa uDiQo
CUO x@ pDt}O VwQ \UwD CU= lU} Q |xm@W \@=wQ |xOvyOu=Wv xm 8

"O};|t
|r=tDL= |=yCra xOvyOu=Wv RSM T} QD=t Q]U QO 1 |OOa Q=Okt Qy
R= lU} Q l} xm CU= u}= xOvyOu=Wv `k=w QO w CU= lU} Q l} ẁkw |=Q@
lU} Q 'RSM T} QD=t sQ=yJ Q]U QO p=Ft u=wvax@ OQ}PB|t Q}F-=D =ylU} Q s=Om
|xOvyOu=Wv Q]U u}= w OQ}PB|t Q}F-=D R7 w R6 'R5 'R3 |=ylU} Q R= R4
T} QD=t uwDU QO 1 |OOa Q=Okt Qy 9 (BCV) "CU= R4 |=Q@ Cra |xm} Q=OQ@
'OQ=Po|t =ylU} Q Qo}O Q@ lU} Q l} xm CU= |D=Q}F-=D xOvyOu=Wv R}v RSM

uwDU u}= w OQ=Po|t Q}F-=D R3 w R2 'R1 |wQ Q@ R4 sQ=yJ uwDU QO p=Ft u=wvax@
s=o QO 10 (BEV) CU= R4 |=Q@ Q}F-=D |xm} Q=OQ@ xOvyOu=Wv RSM T} QD=t R=
TBU "OwW|t xDiQo Q_v QO =ylU} Q R= s=Om Qy |=Q@ Q}F-=D wCra xm} |=yQ=OQ@ pw=
Qo}O Q@ lU} Q l} |Q=PoQ}F-=D w |Q}PB Q}F-=D |@Uv u=R}t u}}aD |=Q@ 2 |xrLQt QO
|R=i CQwYx@ lU} Q Qy C=QF= w pra |HwR C=U}=kt |=yxt=vVUQB '=ylU} Q
xO=iDU= =@TBU 11 (ECM w CCM) OwW|t xO=O Q=Qk u=oQ@N Q=}DN= QO w p}mWD

[40]%CU=

�A (x) =

8<: x�(m��)
� m� � � x � m

(m+�)�x
� m � x � m+ �

(11)

"O};|t CUO x@ 13 w 12 \@=wQ j@=]t F |R=i OOa CU=Q w AJ C=R=}Dt=
ML (A) = 1� m

1 + �
(12)

MR (A) = m+ �
1 + �

(13)

Q=Okt l} u=wvax@ w OQm x@U=Lt =Q pm R=}Dt= u=wD|t C=R=}Dt= u}= uOQw; CUO x@ =@
"OQm xO=iDU= u; R= |Oa@ C=@U=Lt QO u}at w j}kO

�T (x) = �R (x) + 1� �L (x)
2 (14)

7|OwNx@OwN p=tDL= |x@U=Lt "5"3
|HQ=N =Wvt =@ =ylU} Q ẁkw p=tDL= u=wvax@ =Q |OwN x@OwN p=tDL= pQ=t wnv=i
QO [11]"OvDiQo Q_v QO �sDU}U R= GQ=N |=ylU} Q =} |HQ=N EO=wL R= |W=v�
QO "OwW|t xOQ@ Q=m x�@ Ot=W}B Qy ẁkw p=tDL= u}tND |=Q@ VwQ xU ,qwtat pta
=Q C}a[w Qy ẁkw p=tDL= u=wD|t |[=} Q C=@U=Lt =@ xmU ?=DQB Ovv=t |OQ=wt
w C=aq]= R= u=wD|t 'CU}v |oO=U u}= x@ xr-=Ut xm OQ=wt Q}=U QO "OQw; CUO x@
xO=iDU= 'OvW=@ Q[=L C}a[w x@=Wt pw@k p@=k O�L =D O}=@ xD@r= xm xDWPo ?Q=HD
C=@U=Lt VwQ 'OvDi=|t j=iD= CQOv x@ xm|D=k=iD= ẁkw p=tDL= |x@U=Lt |=Q@ "OQm
Cr=L u}= QO "CU=v TQDUO QO |i=m xOW C@F C=aq]= w CU}v wo@=wH |[=} Q

[45]"OQ=Ov OwHw ui py= w u=YYNDt Cw=[k x@ =�mD= RH x@ |y=Q
=ylU} Q |OwNx@OwN p=tDL= x@ u=oQ@N Q_v j@=]t R}v |i}m |@=} RQ= QO
ẁkw p=tDL= C=R=}Dt= Q} R |x]@=Q R= xO=iDU= =@ pQ=t w nv=i 'OwW|t xO=O R=}Dt=
[11]"CU= xOQm p}O@D '|R=Ux}@W pOt |OwQw |=Q@ �0'1� xR=@ x@ =Q |OwNx@OwN
p = �� 10(��s ) (15)

R= ẁkw p=tDL= x@ xOW xO=O R=}Dt=� p=tDL= |i}m Q=Okt s w |tm p=tDL= p u; QO xm
�Q}O=kt |wQ C}U=UL p}rLD "OyO|t u=Wv =Q � = 8 '� = 5 �u=oQ@N |wU
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ws}
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Du=
@}DW
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wJQ

=J|
x�=Q=Cq=tDL= |x@U=Lt w FMEA VwQ x@ =ylU} Q |i}m |@=} RQ= s=Hv= =@ =Pr

� =ylU} Qu}@ p=kDv= p=tDL=� RNMT} QD=t Q}O=kt uOQw;CUO x@ w |OwNx@OwN
Q=WDv= |x@U=Lt "Ow@ Oy=wN sUQ p@=k lU} Q |xm@W pOt '�|oDU@=w Q}O=kt
"|}xkrL|=y|oDU@=w Ovv=t xO}J}B |=yxO}OB =@ xS} w x@ 'CU= Q=wWO xm@W QOlU} Q
QO XwYN x@ |W}=tR; C=ar=]t s=Hv= 'xSwQB C} Q}Ot |xv}tR QO 'u}= Q@ xwqa
u} Ro}=H Q=R@=l} u=wvax@ |R=Ux}@W R= =Pr "CU= umttQ}e w xv} RyQB '=yxSwQB OQwt
x@ |R=Ux}@W |=yl}vmD "CU= xOW xDiQo xQy@ 'DSS QO |@ QHD C=k}kLD |=Q@
xO=iDU= pOt Q@ |vD@t s}tYD u=@}DWB |=ysDU}U CN=U |=Q@ |}xOQDUo Qw]
`@=vt X}YND w C=t=Ok= '=ylU} Q C=QF= |v}@V}B QO xOvQ}os}tYD x@ w OvwW|t
lU} Q |xm@W 'j}kLD u}= QO 'u}=Q@=v@ "Ovm|t ltm =yv; xwkr=@ ?k=wa |@=} RQ= =@

"OwW|t p}rLD w |R=UpOt ARENA Q=Ri=sQv QO |R=Ux}@W j} Q] R= xSwQB

wrQ=mCvwt |R=Ux}@W VwQ x@ =ylU} Q |@=} RQ= "7"3
j} Q] R= xm |}xw}W Qy x@ �wrQ=m Cvwt |R=Ux}@W =}� wrQ=m Cvwt VwQ '|rm Qw]x@
"OwW|t jqD= 'Ovm|t sy=Qi |tm p�=Ut |=Q@ |@} QkD |}=yMU=B |Q=t; |R=Uxvwtv
|=yC}a]k sOa Q=WDv= |=Q@ |WwQ h}YwD |=Q@ QDW}@ wrQ=mCvwt |R=Ux}@W
u}=Q@=v@ "OwQ|t Q=m x@ pOt |HwQN QO =yC}a]k sOa x@ pOt |OwQw QO OwHwt
=Q C}a]k sOa '|tm CQwYx@ w ,=L} QY xm CU= |R=Ux}@W |awv 'wrQ=mCvwt

"OyO|t V}=tv
P=ND= R= TB u=wD|t =Q lU} Q ẁkw p=tDL= 'pQ=t w nv=i |xr=kt T=U= Q@
u=}@ |R=Ux}@W QO xm |Q=t; lU} Q Tv=mQi Q=}at |xr}Uw x@ 'lU} Q Q=WDv= Q=DiQ
|] QO Q=@ l} R= V}@ CU= umtt lU} Q l} 'pta QO "OQw; CUO x@ xOW
"OQ=O |ak=w \}=QW =@ |Q=oR=U R= u=Wv u}= w OyO MQ xSwQB |R=Ux}@W Q=QmD l}
QO lU} Q ẁkw u}ov=}t |xOvyOu=Wv |R=Ux}@W lU} Q Tv=mQi =} Q=QmD ?w=vD
lU} Q Tv=mQi u}@ |x]@=Q "OW=@ Q=@ l} R= QDW}@ CU= umtt xm CU= xSwQB pw]

%CU= xOW u=}@ 20 |x]@=Q QO lU} Q ẁkw p=tDL= w xOW |R=Ux}@W
RF [i] = P1 (Ri) + 2P2 (Ri) + 3P3 (Ri) + : : : (20)

RF [i] = lim
m!1

Xm

k=1 k:Pk (Ri) (21)

Pk(Ri) w 14CU=Ri xOW |R=Ux}@WlU} QTv=mQi |xOvyOu=Wv 21 |xrO=at
Ov=wD|t |R=Ux}@W "CU= u=tR pw] QORilU} Q Q=@ k ẁkw p=tDL= |xOvyOu=Wv
xO=iDU= R}v X=N |w} Q=vU l} =} X=N lU} Q l} |=yOt=}B |v}@V}B |=Q@
?wYvt |OwNx@OwN p=tDL= s}_vD =@ |YNWt |=ylU} Q w} Q=vU Qy QO "OwW
=Q w} Q=vU |r=tDL= |=yOt=}B |yty u=wD|t 'u; R= TB w OvwW|t |R=Ux}@W w
=Q |OwNx@OwN p=tDL= �100 lU} Q l} x@ Qo = 'p=Ft u=wvax@ "OQm xOy=Wt
xDW=O OYQOQiY Q=Okt Qo}O |=ylU} Q xty xm |r=L QO OwW xO=O X=YDN=
CUO x@ \@=wQ� s}kDUtQ}e w s}kDUt C=QF= |t=tD u=wD|t |R=Ux}@W =@ 'OvW=@
"OQm xOy=Wt xm@W QO Qo}O |=ylU} Q Q@ =Q Q_v Ot lU} Q �pDt}O VwQ R= xOt;
lU} Q |xm@W |rm |xRwL QO u; Q}F-=D OOHt |@=} RQ= |=Q@ xm lU} Q ?k=wa

[7]"CU= xOW h} QaD 22 |x]@=Q QO OwW|t xO=iDU=
CR [i] =

Xn

j=1 RF
i [j]:RI [j] (22)

Tv=mQi |xOvyOu=Wv RF i[j] w CU= Ri | =yOt=}B =} Q=F; 15 CR[i] =Hu}= QO
Rj xOW |@=} RQ= lU} Q QF= 16 RI[i] "CU= Ri R= Rj xOW |R=Ux}@W lU} Q

"OwW|t x}yD |HwR C=U}=kt C=Q_v u}ov=}t pw=OH '|UOvy u}ov=}t VwQ R=
R= pY=L |@Uv uRw |OOa |=yQ=OQ@ |x@U=Lt |Q=oR=U=v MQv |x@U=Lt R= TB
xm 'OwW|t pY=L |rm =@ |UOvy u}ov=}t VwQ x@ 3 |xrLQt QO |HwR C=U}=kt
|=yQ=OQ@ pQ=t w nv=i VwQ j@=]t 4 |xrLQt QO "OwW|t xO=O K}[wD xt=O= QO
T} QD=t wO w OvQ}o|t Q=Qk sy Q=vm QO lU} Q Qy |=Q@ xOW x@U=Lt |@Uv uRw
?Q[ p=m}O=Q R= 5 |xrLQt QO ,=D}=yv 'OvyO|t p}mWD =Q 12 NEM w NCM
13(RNM) =ylU} Q u}@ |oDU@=w COW T} QD=t 'T} QD=t wO |x}=QO x@ x}=QO
u}@ p=kDv= p=tDL= u=wvax@ Q}O=kt u}= 'pQ=t w nv=i VwQ j@=]t "OwW|t x@U=Lt
'OW=@ 0 25 Q@=Q@ RNM(3; 4) QYva Qo = 'p=Ft u=wvax@ "OwW|t Q}UiD =ylU} Q
'OW=@ p=ai 3 lU} Q xm |]}=QW CLD '3 lU} Q R= |W=v 4 lU} Q p=tDL= x=ou;

[11]"OwW|t xDiQo Q_v QO �25
|HwR C=U}=kt QO |@Uv u=Rw= |x@U=Lt |=Q@ |rm =@ |UOvy u}ov=}t l}vmD
u=Q}os}tYD C=L}HQD R= |}xawtHt ~Pij O}vm ZQi [46]"OwW|t xO=iDU= |R=i
|HwR C=U}=kt T} QD=t "OW=@ =yXN=W Qo}O x@ C@Uv XN=W l} OQwt QO

%OwW|t p}mWD Q} R CQwYx@

~A =

26666664
1 ~P12 : : : ~P1n
~P21 1 : : : ~p2n
...

...
. . .

...

~pn1 ~pn2 : : : 1

37777775 (16)

C=U}=kt VRQ= |UOvy u}ov=}t "CU= Q]U Qy QO \@DQt QY=va O=OaD n
"O};|t CUO x@ Q} R |x]@=Q R= XN=W Qy x@ iXN=W |R=i

~ri =
�Yn

j=1 ~pij
�1/n i = 1; 2; 3; :::; n (17)

xO=O u=Wv |FrFt |R=i OOa l} |xr}Uw x@ XN=W u}t= i |R=i uRw TBU
p=tQv TBU w |R=i|O =yuRw '|R=i uRw |=yQwDm =i |x@U=Lt R= Oa@ "OwW|t

"OwW|t

wi = ri 
 (r1 � r2 � :::� rm)�1 (18)

wcrisp = 1 + 2m+ u
4 (19)

O=Oa= w |tqm C=Q=@a R= '|HwR C=U}=kt QO uRw |x@U=Lt |=Q@ VywSB u}= QO
"CU= xOW xO=iDU= 7 pwOH QO GQOvt |FrFt |R=i

"|R=i O=Oa= h}] "7 pwOH
=yC}wrw= |R=i pO=at =yC}wrw= h}OQ
F = (�;m; �)

�1,1,1� u=Um} C}ty= 1
�1,2,3� QDsyt ,=D@Uv =D u=Um} 2
�3,4,5� O=} R C}ty= =D QDsyt ,=D@Uv 4
�4'5'6� O=} R C}ty= 5
�5,6,7� O=} R Q=}U@ =D O=} R C}ty= 6
�6,7,8� O=} R Q=}U@ C}ty= 7
�7,8,9� QDsyt qt=m =D O=} R Q=}U@ 8
�8,9,10� QDsyt qt=m 9
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2|

xQ=t
W'

36
�1

|xQ
wO'

�13
99

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "|R=i FMEA G}=Dv "8 pwOH

C}wrw= RPN
RPN |R=i Q}O=kt hWm C}r@=k Q}F-=D ẁkw p=tDL= lU} Q|R=i Q}e

7 230 245 (47 667; 99 556; 179 444) (3 667; 4 667; 5 667) (4 333; 5 333; 6 333) (3; 4; 5) R1
5 287 081 (56 296; 123 852; 224 074) (6 333; 7 333; 8 333) (5 333; 6 333; 7 333) (1 667; 2 667; 3 667) R2
1 407 608 (98 519; 187 407; 312 963) (6 333; 7 333; 8 333) (6 667; 7 667; 8 667) (2 333; 3 333; 4 333) R3
8 190 861 (35 852; 79 852; 149 852) (3 667; 4 667; 5 667) (3 667; 4 667; 5 667) (2 667; 3 667; 4 667) R4
4 375 399 (88 667; 171 111; 288 889) (6 333; 7 333; 8 333) (6; 7; 8) (2 333; 3 333; 4 333) R5
6 286 78 (62 222; 126 667; 222 444) (5; 6; 7) (5 333; 6 333; 7 333) (2 333; 3 333; 4 333) R6
9 121 135 (18 519; 50 074; 94 815) (3 333; 4 333; 5 333) (3 333; 4 333; 5 333) (1 667; 2 667; 3 333) R7
3 380 453 (97 778; 177 333; 290 889) (5; 6; 7) (5 333; 6 333; 7 333) (3 667; 4 667; 5 667) R8
2 399 352 (101 333; 185 778; 305 556) (6 333; 7 333; 8 333) (5 333; 6 333; 7 333) (3; 4; 5) R9

"RSM =ylU} Q |rwrat w |ra \@=wQ T} QD=t "10 pwOH

QO ?} QND lU} Q u; xH}Dv QO xm �8 pwOH� OW s=Hv= |R=i FMEA VwQ
x@ xOW xO=O C=R=}Dt= x@ xHwD =@ TBU "OW u}}aD lU} Q u} QD|v=QL@ ?q}U QF=
CU= xOW x@U=Lt |OwNx@OwN Cq=tDL= u=oQ@N |wU R= lU} Q ẁkw p=tDL=
|@=UL u}ov=}t |x@U=Lt =@ =ylU} Q |oDU@=w "OwW|t xOy=Wt 9 pwOH QO xm
xOW xO=O K}[wD |=ys=o j@=]t w s}kDUt \=@DQ= T} QD=t p}mWD w u=oQ@N C=Q_v

"OW |}=U=vW |R=i pDt}O VwQ QO
OwW|t |R=i|O pm C=]=@DQ= |R=i T} QD=t '=vDa= p@=k \@=wQ s}UQD |=Q@
pt=m \=@DQ= |a]k T} QD=t |=yx}=QO u}ov=}t |x@U=Lt =@ xv=DU; OL TBU w
QDtm xv=DU; OL R= Qo = =yx}=QO R= s=OmQy "CU= 0 156 Q@=Q@ xm OwW|t XNWt
u=wD|t ?}DQD u}= x@ 'OwW xO=O 1 Q=Okt CQwY u}= Q}e QO w QiY Q=Okt Ow@
pwOH� OQm s}UQD =Q =vDa= p@=k \@=wQ |xm@W w OQm Q_v hQY |�RH \@=wQ R=

"�10
Q@ lU} Q |Q=PoQ}F-=D u=R}t Qou=Wv (D) Q]U Qy QY=va `tH 11 pwOH QO
|=y u=Q=@ ẁv R= |wH |=y VR} Q ẁkw u}=Q@=v@ "CU= sDU}U |=ylU} Q Q}=U
`tH "CU= |Q=OQwNQ@ |Q=PoQ}F-=D u} QDW}@ R= (R1) COt |vqw] w q=@ COW =@
Q}=U R= lU} Q u; |QPB Q}F-=D u=R}t Qou=Wv lU} Q Qy |=Q@ (R) uwDU QY=va
(R2) =yOv@ ?; G=D xvO@ pN=O x@ ?; Pwiv T=U= u}=Q@ "CU= sDU}U |=ylU} Q
D + R Q=OQ@ T=U= Q@ u}vJty "CU= Q=OQwNQ@ |O=} R Q=}U@ |Q}PB Q}F-=D u=R}t R=

"|OwNx@OwN Cq=tDL= "9 pwOH
(p) |OwNx@OwN p=tDL= R=}Dt= xOW |R=i|O lU} Q

(S) ẁkw p=tDL=
0 096562 4 667 R1
0 405519 7 333 R2
0 272738 6 333 R3
0 096562 4 667 R4
0 405519 7 333 R5
0 232079 6 R6
0 071232 4 333 R7
0 096562 4 667 R8
0 405519 7 333 R9

Cqt=aD O=OaD `k=w QO "OwW u=}@ |tm =} |i}m T=}kt QO CU= umtt xm CU=
"CU= ?}DQD u}= x@ Q_v OQwt |xr�Ut QO xm CU= Rj lU} Q

RI [1] = 6; RI [2] = 3; RI [3] = 4; RI [4] = 3
RI [5] = 4; RI [6] = 5; RI [7] = 4; RI [8] = 4
RI [9] = 4

xOW |R=Ux}@W |rm u=QL@ pt=a R= '|v=QL@ lU} Q OQw;Q@ w OOHt |@=} RQ= |=Q@
s=tD w lU} Q xOW |R=Ux}@W Tv=mQi ?Q[pY=L xm "OQm xO=iDU= 17 (GC[i])

%CU= xOW h} QaD 23 |x]@=Q CQwYx@ w CU= xm@W QO lU} Q C=QF=
GC [i] = RF [i] � CR [i] (23)

"OvQ=O OQ@ Q=m Q=QmD O=OaD pk=OL OQw;Q@ |=Q@ xm OvDUy |}=ypwtQi '|R=Ux}@W QO
pmWt Q=QmD R= |rw@k p@=k O=OaD u}tND 'wQ V}B |xar=]t |=Q@ xm |r=L QO
"OQ=O �=yxkrL Pwiv xS} wx@� lU} Q |xm@W |oO}J}B w xR=Ov= x@ |oDU@ =Q} R 'CU=
lU} Q Tv=mQi |va} '|HwQN xm |v=tR =D =yQ=QmD O=OaD V}=Ri= =@ |R=Ux}@W =Pr

"OwW|t =QH= 'OUQ@ Q=O}=B |}xR=Ov= x@ xOW |R=Ux}@W

=yxDi=} w EL@ "4
x@ =ylU} Q |i}m |@=} RQ= '=yOv@?; |=Q@ xOvvmO}OyD lU} Q 9 |}=U=vW R= Oa@
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x�=Q="=ylU} Q R w D Q}O=kt "11 pwOH

lU} Q ẁv Di�Ri Di + Ri (Di)defuzzy (Di)defuzzy Ri Di

Cra 1 396 2 536 0 570 1 966 (0; 0; 1 71) (0 531; 1 154; 4 214) R1
pwrat �1 065 3 411 2 238 1 173 (0 565; 1 319; 4 829) (0 138; 0 502; 2 879) R2
pwrat �0 141 3 278 1 709 1 569 (0 366; 0 94; 3 822) (0 357; 0 811; 3 538) R3
Cra 0 562 1 702 0 570 1 132 (0; 0; 1 71) (0 17; 0 436; 2 789) R4
pwrat �0 555 3 436 1 996 1 441 (0 454; 1 127; 4 406) (0 255; 0 682; 3 384) R5
pwrat �0 817 3 424 2 120 1 303 (0 518; 1 238; 4 605) (0 152; 0 59; 3 168) R6
pwrat �0 107 2 868 1 488 1 381 (0 151; 0 756; 3 557) (0 19; 0 645; 3 306) R7
Cra 0 581 2 265 0 842 1 423 (0 041; 0 226; 2 258) (0 244; 0 665; 3 361) R8
Cra 0 145 2 309 1 082 1 227 (0 111; 0 416; 2 718) (0 168; 0 538; 2 975) R9

"=ylU} Q RNM Q}O=kt "12 pwOH
R9 R8 R7 R6 R5 R4 R3 R2 R1
0 0 0 0 0 0 0 0 0 R1

0 228 0 228 0 097 0 062 0 089 0 216 0 205 0 0 139 R2
0 078 0 0 363 0 116 0 212 0 0 0 286 0 271 R3

0 0 0 0 0 0 0 0 0 R4
0 094 0 204 0 398 0 136 0 0 102 0 236 0 139 0 074 R5
0 091 0 1 0 177 0 0 082 0 088 0 106 0 13 0 107 R6

0 0 169 0 0 213 0 318 0 0 343 0 0 061 R7
0 0 0 0 0 0 0 0 0 R8
0 0 0 0 309 0 0 0 0 0 087 R9

lU} Q |xm@W pOt 'p=kDv= Cq=tDL= w |OwNx@OwN Cq=tDL= |x@U=Lt =@
s=Hv= wrQ=mCvwt |R=Ux}@W VwQ x@ =ylU} Q OOHt |@=} RQ= x=ou; "OW pY=L
=Q =ylU} Q u}@ |vwQO |=y|oDU@=w w Cqt=aD uDiQo Q_v QO Q}F-=D w C}ty= w CiQo
|x@U=Lt |=Q@ wrQ=mCvwt |R=Ux}@W|twyit pOt "O=O u=Wv OOHt |Ov@C} wrw= QO
%CU= xOW xDiQo Q_v QO CQwY u}= x@ lU} Q C=QF= w lU} Q Tv=mQi QwDm =i wO
lU} Q |OwNx@OwN p=tDL= =@ w O}rwD |iO=YD OOa =ylU} Q R= l} Qy |=Q@
O}rwD OOa Qo = "Q}N =} ODi=|t j=iD= lU} Q u; =}; OwW|t u}}aD w xOW xU}=kt
Qo = w ODi=|t j=iD= lU} Q u; 'Ow@ QDtm lU} Q |OwNx@OwN p=tDL= OOa R= xOW
OOa "OwQ|t lU} Q u; |=y|oDU@=w d=QU x@ |R=Ux}@W pOt O=Di= j=iD= |mU} Q
lU} Q Ow@ QDmJwm OOa u; Qo = &OwW|t xU}=kt lU} Q p=kDv= OOa =@ |iO=YD
50 O=OaD x@ |R=Ux}@W Qo = =y|oDU@=w x@ xHwD =@ xvwtv |=Q@ "OwW|t jkLt xDU@=w
'|R=Ux}@W Q=QmD 50 u}= pm u}= QO R2 |=Q@ OyO|t u=Wv G}=Dv OwW|t Q=QmD Q=@
xO=O MQ Q=@ xU Q=QmD 5 QO 'xO=O MQ Q=@ wO Q=QmD 8 QO 'xO=O MQ Q=@m} 'Q=QmD 7 QO
Q=QmD QwO 50 Qy |UQQ@ =@ """ w xO=O MQ Q=@ Q=yJ |R=Ux}@W Q=QmD Q=@m} QO w

%OwW|t x@U=Lt u}vJ R2 ẁkw Tv=mQi \UwDt '|R=Ux}@W

RF [2] = 1� 7
50 + 2� 8

50 + 3� 5
50 + 4� 1

50 + 5� 1
50 + 6

� 3
50 + 7� 1

50 + 8� 1
50 + 10� 1

50 + 12� 1
50 + 14� 1

50
+15� 1

50 + 16� 1
50 + 19� 1

50 + 22� 1
50 = 188

50 = 3 76

CR wLv u}ty x@ "OwW|t G=QNDU= RF QwDm =i lU} Q Qy |=Q@ ?}DQD u}= x@
|OwNx@OwN p=tDL= �100 lU} Q l} x@ "OwW|t x@U=Lt lU} Q Qy |=Q@ R}v

"=ylU} Q |rwrat w |ra |oDU@=w Q=Owtv "3 pmW

O=O Q=Qk |UQQ@ OQwt uOw@ pwrat w Cra Q_v R= =Q |=ylU} Q u=wD|t D� R w
"CU= xOW xO=O u=Wv 3 pmW QO xm

D�R|=Q=O OvDUy 3 pmW|ki= QwLt |q=@ QO xm|}=ylU} Q T=U= u}= Q@
OvDUy |ki= QwLt u}}=B QO xm |}=ylU} Q w OvQ=O Cra |x@vH TB 'OvDUy C@Ft
=ylU} Q |oDU@=w |}=U=vW R= TB "OvQ=O pwrat |x@vH Ov=|ivt D �R |=Q=O
=} =ylU} Q |oDU@=w COW "OwW|t xDN=OQB =y|oDU@=w COW |x@U=Lt x@
|R=i xDi=} xaUwD AHP w |R=i pDt}O VwQ j}irD =@ =ylU} Q u}@ p=kDv= p=tDL=
QO G}=Dv 'CiQo Q=Qk |@=} RQ= OQwt w OW x@U=Lt [19]u=Qo}O w pQ=t sD} Qwor= j@=]t

"CU= xOy=Wt p@=k 12 pwOH
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|Q}oxH}Dv "5
=@ lU} Q |@=} RQ= x�=Q= x@ s}tYD u=@}DWB ?wJQ=J |v=UQRwQ x@ ut[ VywSB u}=
|@=} RQ= |OQ@ Q=m |OQm} wQ =@ Ov=wD@ =D CN=OQB =ylU} Q p@=kDt C=QF= uDiQo Q_v QO
xQ=wty lU} Q C}y=t xm =Hu; R= "Ovm |R=UxO=}B |ak=w C=ar=]t QO =Q lU} Q
|=QH= \}Lt |D=P |=y|oS} w R= |m} C}a]k sOa w xOw@ x=Qty C}a]k sOa =@
|}=U=vW |a]kQ}e |=yQDt=Q=B w \}Lt QO OwHwt s=y@= OW |aU 'CU= =yxSwQB

"OwW pOt OQ=w |@=} RQ= |xrLQt QO w OwW
|=Q@ |R=i FMEA VwQ R= =OD@= '|R=i |x} Q_v R= xO=iDU= =@ Qw_vt u}= |=Q@
AHP w pDt}O VwQ j}irD R= TBU w OW xDiQo xQy@ =ylU} Q |i}m |@=} RQ=
xHwD =@ "OW xO=iDU= =ylU} Q |oDU@=w COW |x@U=Lt |=Q@ |R=i xDi=} xaUwD
w p@=kDt C=QF= uwJ |}=y|oDU@=w uDiQo Q_v QO '|@=} RQ= |rm OQm} wQ xm u}= x@
OwHw =@ p�=Ut |oO}J}B 'CU= C}a]k sOa \}Lt QO =ylU} Q QO |O=ONQsy
Q=}U@ =yQ}eDt uOw@ |r=tDL= C}y=t w =ylU} Q \@=wQ QO xOvvmC} wkD |=yxkrL
|R=Ux@}W =@ w OW xO=iDU= =ylU} Q OOHt |@=} RQ= |=Q@ |R=Ux}@W R= =Pr "CU=

"OW s=Hv= =ylU} Q OOHt |@=} RQ= wrQ=mCvwt
O}yW x=oW}q=B h=Q]= QO |m =N Ov@?; wO |OQwt |xar=]t QO |O=yvW}B pOt
QO "OW OOHt |@=} RQ= x@ QHvt w |R=UxO=}B TNQU |xOwOLt QO O=Rv|tW=y
u}@ |oDU@=w COW w |}=U=vW =yu; u}@ \@=wQ w lU} Q 9 'j}kLD u}= |xH}Dv
xm R} QQU |xrwr uOW xDU@ lU} Q O=O u=Wv |R=Ux}@W "OW x@U=Lt =ylU} Q
lU} Q u} QD|v=QL@ w OQ=O =Q x@DQ u} QDq=@ 'xDW=O =Q sQ=yJ |x@DQ |i}m p}rLD QO

"CU=
`]k x@ QHvt xm lU} Q x@ MU=B C=t=Ok= |}=U=vW =@ u=wD|t |D; C=k}kLD QO
QO =Q =yMU=B 'OwW|t =ylU} Q C=QF= w ẁkw p=tDL= '|oDU@=w u=R}t Vy=m =}
"OQm ?=NDv= R}v =Q MU=B u} QD?wr]t '|r=tDL= G}=Dv |@=} RQ= =@ w OQm V}=tR; pOt
V}=B w pQDvm CLD w OwW|t =QH= xOW ?=NDv= lU} Q x@ MU=B C=t=Ok= TBU
s=Ot lU} Q C} Q}Ot Ov}=Qi 's}tYD u=@}DWB ?wJQ=J QO C}=yv QO "OQ}o|t Q=Qk
x@ MU=B C=t=Ok= w =ylU} Q sw=Ot Qw] x@ Ov=wD|t pOt =Pr "Ow@ Oy=wN pQDvm CLD
|Wy=m C=t=Ok= w =yO=yvW}B =D Ovm |Ov@C} wrw= w |@=} RQ= w CQ=_v =Q O}OH lU} Q
"Ovm C}=tL lU} Q C} Q}Ot =@ \@DQt C=t}tYD QO u=Q}os}tYD R= w Ovm |UQQ@ =Q
xv}tR u}= QO |D} Q}Ot Q=Ri=sQv l} |x�=Q= =@ Ovv=wD|t DSS u=L=Q] u}vJty
pQDvm w =yxO=O p}rLD w x} RHD QO =Q u=Q}Ot 'xOW x�=Q= ?wJQ=J R= uDiQo xO}= =@

"Ovvm |Q=} |D} Q}Ot C=t}tYD PN= w QtDUt CQ=_v
O=Oa= w |R=i |x} Q_v R= C}a]k sOa uDiQo Q_v QO Qw_vtx@ j}kLD u}= QO
u=wD|t =Pr 'CU= xOW xO=iDU= VwQ uOw@ QDOQ@ Q=mQB w CrwyU p}rO x@ |FrFt
""" w |Uwo '|}xkvRwP &p}@k R= |R=i O=Oa= Q}=U uDiQo Q_v QO =} =yVwQ Qo}O R=

"OQm xO=iDU=

QmWD w Q}OkD
O=Sv|tW=y O}yW R=oV}q=BCmQW|D=aq]= w|r=tC}=tL =@VywSBu}= R=|DtUk
QO |Q=mty CyH xawtHt u=U=vWQ=m w u=Q}Ot |t=tD R= =Pr "CU= xDiQo s=Hv=

"OwW|t |v=OQOk w QmWD Q[=L VywSB s=Hv=

"=ylU} Q OOHt |@=} RQ= G}=Dv "13 pwOH
x@DQ |R=Ux}@W x@DQ |R=i FMEA

8 2 032 7 230 245 R1
6 15 792 5 287 081 R2
3 302 6304 1 407 608 R3
9 1 0544 8 190 861 R4
1 545 1712 4 375 399 R5
4 209 5244 6 286 78 R6
2 401 3136 9 121 135 R7
7 5 876 3 380 453 R8
5 197 3436 2 399 352 R9

"lU} Q |Ov@C}wrw= xU}=kt "14 pwOH
C}wrw= GC[i] CR[i] RF [i]

8 2 032 25 4 0 08 R1
6 15 792 4 2 3 76 R2
3 302 63 51 12 5 92 R3
9 1 0544 13 18 0 08 R4
1 545 17 96 32 5 66 R5
4 209 52 29 02 7 22 R6
2 401 31 71 92 5 58 R7
7 5 876 58 76 0 1 R8
5 197 34 69 98 2 82 R9

OYQOQiY Q=Okt Qo}O |=ylU} Q xty x@ xm |r=L QO OwW|t xO=O X=YDN=
Ot lU} Q s}kDUtQ}e w s}kDUt C=QF= |t=tD u=wD|t |R=Ux}@W =@ "OwW|t xO=O
|@=} RQ= G}=Dv "OQm xOy=Wt CR |x]@=Q j@=]t 'xm@W Qo}O |=xlU} Q Q@ =Q Q_v

"CU= xOy=Wt p@=k 13 pwOH QO OOHt
|Ov@C} wrw= G}=Dv "CU= xOy=Wt p@=k 14 pwOH QO |Ov@C} wrw= C=Q}}eD
R= |QDq=@ |x@DQ QO lU} Q u}OvJ "CU= xOQm Q}}eD |R=Ux}@W R= TB lU} Q
"CU= xDi=} Vy=m Qo}O |NQ@ |x@DQ xm |r=L QO 'Ov=xDiQo Q=Qk Tv=mQi ^=Lr
ẁkw QF= QO Ov@?; |xQ=w}O ?} QND ẁkw� R3 'l}Uqm VwQ QO 'p=Ft u=wvax@

VwQ |rm |x@DQ u} QDq=@ =t= "OW xDN=vW lU} Q u} QD|v=QL@ u=wvax@ �?q}U
"CU= �R} QQU |xrwr uOW xDU@� R5 xOW |R=Ux}@W

u}= 'CU= xOW ?=NDv= lU} Q u} QD|v=QL@ u=wvax@ R} QQU |xrwr uOW xDU@
lU} Q CWy R= u=oQ@N Q_v u}ov=}t j@] xm CU= p=kDv= |=ylU} Q R= lU} Q
|=yOv@?; QO xm u}= x@ xHwD =@ "CU= Q=PoQ}F-=D lU} Q Q=yJ |wQ Q@ w OQ}PB|t Q}F-=D
|Q=Po}=H 600 mm Q]k x@ |}xrwr pmW x@ w xOw@ OQ=Ov=DU=Q}e ẁv R= R} QQU 2 w 1
CU= |mU} Q OwN w CU= OQ=Ov=DU= |=yR} QQU |L=Q] pwY= hqN xm CU= xOW
l} OW=@ xm ẁv Qy R= R} QQU Q}Ut pw] QO `v=t O=H}= "Ovm|t O}OyD =Q =yOv@?; xm

"OwW|t ?wULt OU ?} QND QO |v=QL@ `k=wt QO |OH Q]N
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1. decision support system
2. genesis
3. failure mode and e�ects analysis
4. analytic hierarchical process
5. project risk analysis and management guide
6. risk priority number
7. spontaneous probability
8. risk structure matrix
9. binary cause vectors
10. binary e�ect vectors
11. cause/e�ect comparison matrices
12. numerical cause/ e�ect vectors
13. risk numerical matrix
14. simulated risk frequency
15. consequences of Ri
16. the evaluated risk impact of Rj
17. simulated global criticality
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