4.1

4.1.1
t(
fo(?)
t o t+ t fo(?) t

f, X)Dt=Pr{tEx £t+Dt }

4.1.2
Fo(?)
[0, ] (4.2)
R, ()=Pr{x £ t}=Q) f,(x)cx
Fo(?) (

t
(unreliability function)

probability function)

-16-

(4.1)[ 23]

(4.1)

(4.2)

(failure



4.1.3

(performance over time)

g (reliability function)
t R()
fa(?) Fo(?) (4.3)
R(t) = 1-F,(x) = 1-(§fg (X)dx = 5 £, (x)dx 4.3
4.1.4 (weibull distribution)

1939 W.Weubull

41 1960

B
DFR(decreasing failure rate) CFR(constant
failurerate) IFR(increase failure rate)

(bathtub curve) [23,24,25]

-17 -



4.1.5 (bathtub curve)
1951
(bathtub curve) 4.2 (early failure
infant mortality)
(normal life constant failure)
(exponential
distribution) (wear out fatigue)
[23,24]

4.1.6 -

- (two-parameter Weibull distribution) [ n

(4.4)[23,24,25]:
(ZyP
F(x)=1-e" (4.4)
(Weibull) Weibull reliability function 4.5)
R(X)=1- F(x)=e " (4.5)
X (random variable); 3 (shape parameter)
n (Characteristic life) (4.5) (4.6):
Inlnl_ I:(X):blnx- b Inh (4.6)
F(x) (4.6.1):
F (=703
(N+0.4) (4.6.1)

- 18-



(cycle) i i N

4.6 Y=pBX+ b Yo i ;(X) X Inx
B X b
F(X) (cycle)
F(X)

(mean timeto faillure MTTF)
(4.7)

MTTF :h-G(1+%) @4.7)

63.2%
MTTF
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4.2 (IMC)

(chemical potential)

[26,27]
Fick Fick
J (4.8)
J=- D% (4.9
J D (diffusion
coefficient) ¢ = (4.9)
.Q
D=D,e (4.9)
Do
Q ( , activation energy)
(stable equilibrium position)
(energy barrier)
Fick (steady state)
(nonsteady

state) Fick
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de_ & 4.10
dt ~ dx (4-10)

(4.11)
dc_d 6 _dc
E:&(D&) (4.11)
D D
Teop “—2‘2’ (4.12)
It X
c(x t) = A+ Berf (zJ)([)_t ) (4.13)
ef  Gaussian error function
D A B
(4.13)
VDt [26]
IMC
IMC
(ideal
diffusion-controlled mechanism) 0.33

(grain boundary diffusion-controlled mechanism)

IMC (4.14)

d =d, ++Dt (4.14)
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d IMC Wm do IMC
(um D (diffusion coefficient [u mfhr]) t
(4.14) IMC
(4.14)
D 150
IMC [26]

-22-



