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Ph D Thesis : Brownian Moftion

Noble Prize : photoelectric effect

LED’s : Reverse Photoelectric Effect

THE RENDEZ-VOUS



See Peskir Pt = Dpyy

pr=—(Up)y+(Dp)yy

» 1924 Wiener prove
satisfying the Einstein’s postulate

» 1931 — Kolmogorov systematic study of the above forwaro

equation Ott & Gua

>

HISTORY OF AN EQUATION



Definition 1. A standard (one-dimensional) Wiener process (also called Brownian motion) is
a stochastic process {Witt=0+ indexed by nonnegative real numbers ¢ with the following
properties:

(1) Wy = 0. A particular case : »

(2) With probability 1, the function t — W} is continuous in t. D d 1_ f

(3) The process {Wi}i>0 has stationary, independent increments. engI afion o© >

(4) The increment W;, ; — W has the NORMAL(0, #) distribution. alelfaale] |y dis‘l‘ribu‘]‘ed
parameters
Continuous »

WHY BROWN'AN Increments :ID, »

Normally distribyted
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0 & 20 36 46 bHd 65 76 8 95 106 --- t=nd
Figure 11.30 - Dividing the half-line [0, 00) to tiny subintervals of length 8.

X; =

{ NG with probability %

—v/§  with probability 1

W (t) = W(nd) = Z X;.

BW(t) = iE[X-a] |
= 0

Var(W(t)) = va-(x
=1
= nVar(X;)
=nd
=1t.

EXPECTATION AND VARIANCE OF A RANDOM WALK



< Average Luminisity vs age
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ANALYSIS OF SAMSUNG'S REPORT

Approaches by average Ott,Guo






RELIABILITY FUNCTIONS
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Failure rate (Fit)

Pdf (failures year) vs. age
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MAINTENANCE & SPARE STORE



Definition: Uj(1)
> U;(t)= Prob of j or more
failures until t

» U, (t)= 1-R(1)

r(f)= 2" Yi(t)

AVERAGE NO
OF FAILURES IN
AN INTERVAL

Iterative calculation of
Uj(t)

U0 = [ Ut - ns)ir
=0

Integral evaluated by trapezoidal
rule

n must be large enough to ensure
quasi linearity of the integrand




Correction for Non

Linearity Poisson For each At

For small fleets a correction is needed Find k , so that:
because A is not constant and not linear

P(D)= Zly e P< 1€

y=TAT/At

Use D = Nr(t)(y + —)

For large fleets (N -> Q,) use :
D= Nr(t) y

RECOMMENDED SPARE PARTS //
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Cost of unav vs tp

15 20

tp (years)

Optimal Maintenance

tp=time for initiated replacement

nzlm‘(t—L)
Ip

t,=mod(t,tp)

F(H=1— R(t) , prob of failure, with no initiated replacement
F,(O=1-R,(1) , prob of failure, with initiated replacement
ci= cost of an initiated replacement

cu=cost unavailability, given it happened

CU= expected unavailaility cost

CI= total cost of initiated replacement during t;

_cu
CC=—
Cl




Cost of unav vs tp

85 80 75
Luminosity %)

—®—cc=2 ~—® cc=3 & cc=5 —e—PMCost

Optimal Maintenance
individual monitoring

The advantage: The decisic
replacement of the component takes in
account the individual history of the
compenent (production lot, environment,
actual use etc.)

The cost : Need for periodic luminosity
measurement

If the gain from the advantages’higher
than the cost — the individualmonitoring is
beneficial.
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CALCULATIONS

F(t,)= F(tp)+ R(tp)F(tp) +...+..R(tp)"F(tp) + R(tp)"F(t,)

F,(1,) = Ett7) E@g) + RUPY'F()

éU =F,(t.) [(1-R(tp)") + R(tp)" *F(t,)]*cc*ci
CI= n*cu

DEFNITIONS

tp=time for initiated replacement

nzlm‘(t—L)
Ip

t,=mod(t,tp)

F(H=1— R(t) , prob of failure, with no initiated replacement
F,(O=1-R,(1) , prob of failure, with initiated replacement
ci= cost of an initiated replacement

cu=cost unavailability, given it happened

CU= expected unavailaility cost

CI= total cost of initiated replacement during t;

_Cu
CC=—
Cl




