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value of

~ dimension that is not the equwalent of quantlty

- the system considered. Corresponding to the degree of
confidence that can be placed in a machine or mechanism.
We note that reliability has become essential since the
equipment was complicated

Motivation
ﬁes in ai ocke lear plam

ic; it is necessary to accurately predlct the
uptime of each of these systems. Currently, this study is the
same time as the project construction



i R(t)—'_Pr'obablllty (s don’t fail on [0,1]) - S—
‘R(t) is'a non increasing function varing between 1a0on [0, +e [

= Availability:

o

= Availability A (t) is the probability that the system S is not in default at
time t. Note that in the case of non-repairable systems, the definition of
A (t) is equivalent to the reliability : A(t) = Probability (S is not default at
t) -
el

em is repaired on the

ﬂﬂenability:
intainabilit
at he has failed attime t = 0 :

= M(t)=Probability (S is repaired on [0t]/ S is failed at t=0)
This concept applies only to repairable systems
M(t) is a non decreasing function varying between 0 a 1 on [0, + [
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rst failure : «

"+ The average duration of system work time before the f
_Mean Time To Failure »

MTTF = J:‘R(t)dt = [ 1f (t)at

0 0

= Mean time to repair: -
= The average duration of reparation action : « Mean Time To Repair»

MTTR = +fo(1 —M(t))dt |
—
— LT TT———
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= MUT:.« Mean Up Timen». It is different to MTTF because when the systerﬁ is
« returned to service after a failure, all breakdown elements have not
necessarily been repaired

= Mean down time:

= MDT:« Mean Down Time». This average corresponds to the detection of the
failure, duration of intervention, the duration of the repair and the ready time

= Mean time between failure:

mMean Time Between Failure.

= MTBF=MUT +MDT

= MTTF=MUT
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“= \We consider a set o ants W S 2 andom
~ variable F with a pr&?abﬂ'tty—-density f. Attime t = O is put into service the
. firstelement-and-replaced by the following when a failure at time F1. If

Fr is the life of the r-th service element, its failure will occurs at date kr,
defined by: kr=F1 + F2 +..... Fr

. a a 20 a¥YaYa

We called renewal function the average value of the number of rotation
N (t) occurring on (0, t), the introduction of the first element at time t =0 is
s a renewal. H (t) = E [N (1)]
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We called varlamﬁrocess a renewal process for which the
ﬂdmanabivﬁ has a different density than other random

variables Fi.

= We Called residual life Vt the random variable representlng the —
remaining life of the item in service at time t




variable chara

~—

Reliabilityé:R (1) = P(T > 1)
Failure fuction T: F(t)=P(T <t)=1-R(t)
F(t) failure probability on [0 t]

dr(t)  dR(t)

failure density : f(t)= o=

Le temps moyen de bon fonctionnement:

- MTTF = T(f (1)dt = TR(t)dt -

Mean time to repair : MTTR = [ [1-M (t) ]dr
0
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Failure rate A(r)=

repaire rate :p1(t) = di

failure density : /(1) = — =

I—M(t)

dR (1)

Repair density :m(t) =———=
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= Experimentation

= The Principe consists at making N new materials
working at t=0 assuring the same working

- ———
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Method of determination of the
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==Case 1 N=50- Estimation by interval

= - Note the failure date of every material

- Note the minimal failure date tmin >
- Note the maximal failure date tmax

- Calculate class number nc= VN (square root on N) |
late the class length Lc=(tmax-tmin)/nc ~l

T —
ed Inside the class i

- Calculate nsi, the number of surviving material at the

beginning of every class |
11



Method of determination of the
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ﬁasej N=50 : Estimation by interval
= Estimation of a failure law for every class
*probability density function for class i:
fi= ni/(N*Lc) -
* Failure rate for class i:
Ai= ni/(nsi*Lc)
ility for class i

ability distribution function associated with the time to
failure for class i
Fi=1-Ri
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Method of determination of the material

= ﬁ-r_‘ =

e “_" a aria
;,-:C.asa1 N>50 Estimation by interval

« We plot the curve of Ri according to class i (histogram)

« Using mathematical Software in order to smooth the curve
and determine the mathematical expression of R(t) N

(LABFIT, STATFIT...)
Then we can deduce all the expressions F(t),f(t),A(t), MUT

eses expression in order to p se . ._.._—"

ptimal maintenance plan

Application : industrial example (N=50)
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Method of determination of the
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EEEmeep<50--Prnciual Estmation

= - Note the failure date of every material

= - classify the failure date by increasing order -
(b, ... ty)
—
.H'-
< ’) —

ility distribution function associated with the time to
failure according to t:
Fi=i/(N+1)
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= Case 2 N<50 : Punctual Estimation

= For N<20 (estimation by “rang median®)
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Method of determination of the

————— -

_ | « New ma
~+Plote Fi according to t
« Using mathematical Software in order to smooth the curve and
determine the mathematical expression of F(t)

(LABFIT, STATFIT...) -
Then we can deduce all the expressions R(t),f(t),A(t), MUT
Using theses expression in order to propose :

E:Eal waFranti ieriod ’ v‘*“

Application : industrial example (N<50)
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~» Compute E:
© o E= S ((ni-N*Pi)A2)/(N*Pi)
* And Pi= R(t ,)-R(t) with t . andt are respectively the born inf
and sup of every interval |
R is law obtained from the mathematical Software
* y=nc-k-1 ( k the number of parameters of the considered law

ﬂ:value of the risk proposed by the industrial il
- : T —
the val In th table

, aw proposed Is rejected
* If E< X (Y, a) the law proposed is accepted
If the law is rejected we move to test another law

—— e B - et
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= Case D N<50 :Klomorgov-Smirnov Test

i e

m———
« Compute D* and D

« D= max {(iIN)-F(t))}, and D= max{F(t)-((i-1)/N)}(ViE{1,2,..N}
F is law obtained from the mathematical Software =
« Compute D= max (D" D")

 a the value of the risk proposed by the industrial ‘
ﬁe value of D_,, in the Klomoriiv-Smiran_'@Lﬁ—"‘
=D, the law proposed is accepted
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Principal law used in industry and
research in reliability frame

e —
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1 sioe A

0 siwmeA

X(o)=1( >={

Parameter is p defined by p=P(A),
notation X —B(1,p)

Dem FIGURE
EXEMPLE page 66 67
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Dem EXEMPLE page
69
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Dem EXEMPLE page
727374
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Parameter k
e A A
k-1
S1 on pose p = P(A) la probabilité de cette évenememnt est:
k-1
Pk(X:k):(l—p) p

E(X)=

1
p
V(X):%

Dem page 74 75
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Se—CDMOMIale Negative i ——————————
Parameters n andy

A A KWK K KRR - - A
y—1

On a n -1realisations de 1'évenement A au cours de
v -1 premieres épreuves et qui se conclut par
I'évenement A. On déduit la probabiliteée individuelle :
P.(Y =y)=C{ (1—p) "p"

E(Y)=2

P

mn
V(Y) = —‘23'

P

Dem page 75
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k si xe[a,b]
0 sinon

La densiteé 7 (x) = 1

S1 X =<

J'_O a
La fonction de répartition: 7 (x) =

X — &

- sia=x>=x-=-—>b
bH — a
[E

si b =x
L'espérance: E(x) =

a+ b

2

En particulier a=—0 et b=1

1 Vxe=]0.1
La densité Lf(x)z{ x<=lo-1]

S1NOoIL

O
La fonction de répartition: 7 (x) = J/x

\Ll

L'espérance: E(x) =

1
>
La variance: V (x) = 1

122



0e " si 0<x

si x<(0

—Ox

La fonction de répartition :F(x)=1-e

L'espérance: E( ) = é

1

La variance :V (x) = 0

\

Notation ra— 8(9) Dem page 78 79
29



e e-Gauss:

= Parameters m and o

B—

B
e

‘Notation X =N(m, o)

Dem page 79 80-83
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O

I 'espérance: E (x) =

I . a variance [ \V (X) =

Dem page 84-85
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Gamma with p n/2 and 6= 1/2 (y(n/2 1/2))

f(x) = n;e_(;j xg_l,x = O
2
v e - /S 2
r:' I 'espérance: E(Xj) = 7:/2 — 72 ———
1T .a variance V(;{j)z 2/ 2 _ 5,

1/ 4

Dem page 85 86
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=_Second :
Si X=y(p) and Y=y(q), we deduce Z=X/Y =_.(p,q)

1 =21

B(r-a) (1+=z)""7""

(P (2)
“"(r+a)

S (=) =

avec : B(pr.qg) =
I 'espérance: E(Z2) = qlil aq=o0
rP(pr+qg—1)

(7 —1) (7 —2)

I a variance :V (Z2) =

Dem page 87
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T:—:
X +Y 1+ Z

Sa densité pour O <t <1

1 pr—1 L g—1
f(l‘) :mt (l t)

IL'espérance: E(77) = P
pr+q

La variance :V (77) = ﬁ
y 24 74 y 24 74

Dem page 88
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o e R
Parameters m and o

. . Inx -
La fonction de répartition: F(x) = gb[ nr m]
c

lnx—m] 1 [ 1
P = eXp| ———
20°

ox\2m

O

E(X)=exp| m+

V(X)= exp(Zm +o° (exp (Gz)—l)
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Parameters x, (x2x,>0)and o>0:

La densité est:f ( ) _*
xO

ax,

avec o>1

Dem page 91
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Densité de probabilité :

Fonction de répartition :




Produit
Fini

Dem page 91
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ries-parallel

= Parallel-series_

l

H‘»ern page 91
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Dem page 91
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= series

= parallel —

allel-series

= Series-parallel

Dem page 91
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= series

= parallel —

allel-series

= Series-parallel

Dem page 91
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Dem page 91
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