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"Probabilistic Failure Analysis
"Fuzzy Set Theory

“Top Event (TE)

*Fuzzy Fault Tree Analysis (FFTA)
‘Expert Elicitation
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‘Failure Mode and Effect Analysis (FMEA)
‘Fault Tree Analysis (FTA)

"Bayesian Network (BN)

"Basic Events (BEs)

*Damage Growth
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Event Description Event Description
Name Name
Loss of Structural .
TE Integrity/Service BE: g:;;;agzgzg
Life Reduction
AL Damage Growth BE, Cyclic Thermal Loading
Damage
Nucleation: Crack,
A gf’s"cto;igg: BE; Flight Loads
Missing Rivet
Heads
As In-Service Defects BE, Pressurization
Manufacturing/Fabrication/
C, Fatigue BEs Maintenance/Repair
Defects
. Low Oscillatory Relative
Cz Fretting BEs Movement
Cs Fretting Fatigue BE; Environmental Conditions
Cy Corrosion BEsg Coating/Paint Degradation
Cs Corrosion Fatigue BEg Thermal Environment
Cs Creep BE1 Mechanical Loading
C; it:sziiigr(rggg; BE1; Chemical Environmental
Cs Yield or Fracture BE1» Sustain Loading
My Fatigue Loading BEis Monotonic Loading
M, C)'jllljiccnl]_ac:;r:fi];g BE14 Overloading

*Trapezoidal
*Gaussian
Bell Shaped
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‘Linguistic Term
‘Membership Functions
"Fuzzification
"Triangular
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Weighting factor of the expert

_ Weighting score of the expert ()
"~ Sum of weighting scores of all experts
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Ms Residual Stress BEgs Wear/Erosion
M Sustain Loadin

‘ : g BEis Excess Deformation
Ms Loading

Item Categories | Weight Item Categories | Weight
Ph.D. 5 Professor 5
Vice-
Education Master 4 Professional professor 4
Level Bachelor 3 Position Engineer 3
Associate 2 Technician 2
Diploma 1 Worker 1
>50 4 >30 5
40-49 3 20-30 4
Age 30-39 2 c Work 10-20 3
Xperience
<30 1 5-10 2
<5 1
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*Center of Area (CoA)
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Linguistic Term Fuzzy Numbers
Very Low (VL) (0.0,0.0,0.1,0.2)
Low (L) (0.1,0.2,0.2,0.3)
Medium Low (ML) | (0.2,0.3,0.4,0.5)
Medium (M) (0.4,0.5,0.5,0.6)
Medium High (MH) | (0.5,0.6,0.7,0.8)
High (H) (0.7,0.8,0.8,0.9)
Very High (VH) (0.8,0.9,1.0,1.0)
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'Weighted Average
*Sum-Production Method
"Fuzzy Possibility Score (FPS)
"Defuzzification
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"Root Nodes
*Leaf Node
*Intermediate Nodes

‘Prior Probability Table (PPT)
‘Conditional Probability Table (CPT)
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FFP — {1/10" FPS # 0
0 FPS =0 (¥)
k =[(1 — FPS)/FPS]1/3 x 2.301
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Events | Descrption robability
BE; Manufacturing/Design Defects 0.0002
BE; Cyclic Thermal Loading 0.0008
BE; Flight Loads 0.0776
BE, Pressurization 0.0313
BE: | Mamtondnca/Repair Defocts 0.0047
BEs Low Oscillatory Relative Movement 0.0481
BE; Environmental Conditions 0.0056
BEg Coating/Paint Degradation 0.0037
BE, Thermal Environment 0.0005
BEjg Mechanical Loading 0.0609
BEy; Chemical Environmental 0.0024
BE:, Sustain Loading 0.0038
BEis Monotonic Loading 0.0014
BEy4 Overloading 0.0056
BE;s Wear/Erosion 0.0198
BEss Excess Deformation 0.0013

‘Fuzzy Failure Probability (FFP)
"Directed Acyclic Graph (DAG)
"Node

‘Edge

*Parent Node

*Child Node
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Fault tree

Top event “
AND ° Leafnade
P(F=1|B,=0,8,=0)=0 (child)
P(F=1|8,=0,B,=1)=0
Basicevents e @ ANDgate 4 pz=1[B,=1,8,=0)=0
P(F=1|B=1,B,=1)=1
P(F=1|B,=0,8,=0)=
Top event “ R gate PF=1[B=0 =
MF=1|B=1,8=0)=

P(F=1|B,=1,8,=1)=
Basic events @ @
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Bayesian network

Raot nodes
(parents)
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