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Introduction

m The avallability is often required for a
maintainable system :

As = Ag

m High level of the system performance often
Indicates high system cost, rendering optimal
problems.

m Under a reliability constraint, the optimal object
IS to minimize the construction cost of the
system, and with an availability constraint, often
IS minimized the system cost rate.
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Cold standby system

m A method of redundancy in which the
secondary system Is only called upon when
the primary system fails. It is used for non-

critical applications or in cases where data Is
changed infrequently.

— =

Fig. 1. A two-component cold-standby system.
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Problem descrlptlon

m Our goal Is to minimize the long-run cost rate

a s of the system, by determining the “best”
component and the “best” maintenance
service.

min  og(Zp. ip)  subjectto : Ag(iyy tip) = Ay.
IM;G,JLIF}Q ’
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Nomenclature

Ag system availability requirement

A system availability

Ir time to failure of the component

I ag recovery time of the maintenance

g mean time to failure of the component

A5 long-run cost rate of the system

A1) failure distribution of the component

P(-) probability function

E() expectation function

n times of maintenances

H, time to the termination of the nth maintenance

i index of the working components

J index of the uncompleted maintenances before

the operating component fails
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Car cost of the maintenance

Cy cost ol the system unavailability

Cyg (fH,) system cumulative cost during the period
[0.f,]

Nip<tp tImes ol 1p <ty within # times of maintenances

| - | function of rounding towards 0

Nip<ip round-down integer ol the expected value of
Ny =tp

o conditional expected value of Cy

2 probability that tp <<ty

i conditional expected value of (5 — fr) when
L << Iar

D set ol available types ol components

T upper bound of 1,

0. p scale parameter and shape parameter ol Wei-

bull distribution
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Probablllty anaIyS|s 1

4

g =Lty —Ipllp<tipy)=

= Plir<iy) = / Jlp)dep
0

Jo (tar — tr)f (tp) dir

r'lr,'ll-f .
_i.[‘] ,f“F} dIF
Cu = Cultnm,pp), Cy=Cypliy — trltr<itm).
M Nip iy
_ § ] § 7
4”'11! — IF + (IM _ IF)
i=l j=1
1 st zmi 11':1 ”rf.l
S R -l ! — !
v I A Y S Y B VR
- I -Ir-d = I’-II--‘ h-::-l 2 :i-— :-I—-——]—-:---
Iy I P N Fo T
0 H, )
Time

Fig. 2. Calculation of the time to the termination of the nth maintenance.
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Probablllty analysis- 2
Cs(Hy) = nCayltag, 1iy) + Z. Cu(ty— 1)

Hy—oo .

- Mg <ty i
nCyltyr, ip) + 35" Cy (-’_-w — -’p)
= lim

= 00 H Nppet 7
2imtle + 2050 ”(w—"p)

Car(tyr, 1p) + P(r’F":f_.w Bl Cyltar — tp)tp <ty]

e+ Pltp<tn) E(ty — (r|tF<Iar)

"

Ag(tpr. pfip) = lim Lim1lF .

St T (1ar — 1)
HE

fp+ P(tp<ta)E(ta — tRtF<in)
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Probablllty anaIyS|s -3

min og( f ) Cutp
s\iMm-Hp) =
U g
subjectto Ag(1yy, pip) = i = Ay
Hp P
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Flnlte set of components _

: (1
f()=——@ VM —e ), w>a >0
(i —

M :] (1) de = ara
0 2

R Sl T g
(ae UM — e "2
P = P(IF{:IM:’ =

(ar — d|

= L(ly — [pltp<ijg)

Sopy = E[Cultar — tp)|tr < ta]

,EM Cultayr — 0)f (1) dt
P(Lar) '
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Obviously, ¢ Is totally determined by f(t),
which Is the actual decision variable.

f() e D=(ffn,1<l<m).

The problem will be

Cy +p-Cey
min xAg =
20,0 Hptp-qg

IF

subject to Agltyy, jtp) =
Hptp-q

= A,
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An underlylng property

m Let us focus on the maintenance time t..
d[pliar) - glia)]
diys

dplty)
e = [{tp)=0.

= pliy) =10,

m This property implies that the availability
constraint equalsto 0 <t < T, where T Is the
unique solution of As(T, up) = A4

_ Cym+p-Coy
Imin ig = .
Dty =T,D Hp i e

LW ZHAEAF1 E1 o gy
47T A B9 % % System Reliability Lab.




—\<>‘t>

i R ’ h___‘:' ”._:-"-’ = - 2 _ paz2 -r' o :._- : b e o _};’H' ..,".-; -"1"!""}_' -‘;: —::. i
s e - s RS S et R

Optimal solution

m Stepl.Choose one pdf /(1) from the given
finite set D.

m Step2.Calculate u%.7'.¢" and ¢i.é. to from
og = o(1pr)

m Step3.Solve the equation As(T,uk) =40 to
get 7'
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m Step4d.Find the optimal solution of the sub-

L
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problem :

L Crltn) +pltan) iCL.r(!"M}J
min - o(ly) = !, I .
0y <T! e+ plia) - qlty)

f dok(x)/dx=0 has no solution in
0, 7'], the solution will be

(T, (T =a'(0),
0, o7 =a'(0).

.
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Otherwisel et
[ .-
B = <-.,|1 e 0. 718 3%W) _ 0>
dx
- dorg(x) - /
be the solution set of =0 that in [0, 7]
N

The optimal solution is *; —

and

= xp-Where x, ¢ B

EIE.;(IQ]' = 111111 (1}

m Ste

L

193]

05.The optlmal solution of As(T, up) = 4o will

be *ta:*f(1), where cr(fM)—fn{}}m )
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Example

Table |
Components with two groups of failure distributions

Distribution types

Parameter values

;"L.f{f}_ﬁ{e"’” R |
el
H.f{{}—g(%) e g0, fa

a € (05,065,08 095,1.1,1.25,1.4.1.55)

mfa € 11.05,13,1.55,1.8,2.03

fef0510,1520,25
fel03,10,1.520,25,30,3540]

N\

O\%E&Ii IRHFHEAFI TR PR
A\ % 327 # B 9 5% % System Reliability Lab.




-
7
<
o2
\4

Table 2
Cost forms of maintenances and system unavailability

Cost forms Parameter values

Cy=ape™ o0, 1>0 w=10, y=10
Co= 0 g0 p>0  ue04,10,100), ve0.2510,50
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Tahle 3
Optimal solutions
Cp = g~ Ay
091 0,493 (.95 0.97 (.99
=101 A E;.f = 2529 E'L.- = 2263 E'Lr = | 963 E'L.- = 1.597 i'l'u = |.052
=023 -I;; = ({91 -I;; =114 -I;; = (), 148 -I;;:U.EUH -I;;:U.Elﬂ
B = 2196 = 2066 My = 1.911 = 1707 = 1.354
g = 0122 e = 0.135 2 =0.154 e = 0.185 az = 0.260
=101 A E;.f = 2529 E.Th' = 2263 E'L, = | 963 E'IL, = 1.597 i'l"lrclr = |.052
= [0 -I;;:U.HH -I;;:U.lﬂﬂ wy = 0170 :E;;:U.EH -I;;:U.aﬁﬂ
B E;.f =2 198 E'L.- = 2067 E'Lr = 1913 E'L.- = |.708 i'l'u = |.356
-I;;:U.|34 -I;;:U.lﬂﬂ -I;;:U.lm -I;;:U.l"}u :E;;:U.lﬁl
=101 A E;.f = () 839 E'L.- =839 E'Lr = () 839 E'L.- = () 839 i'l'u =) 839
=30 -I;;:U.ﬁ” -I;;:U.ﬁl? -I;;:U.ﬁl? -I;;:U.ﬁl? -I;;:U.ﬁl?
B E;.f = | 422 E.Th' =422 E'L, = | 422 E'IL, = | 422 i'l"lrclr = .34
5 = 0.286 2% = 0286 2 = 0286 25 = 0,286 o= 0289




=10
p=023

=10
p=10

i=10
p=30

A f=2N =
5= 0260 4 = 0265
B =107 = 1707
ty = 0.268 1 = 0.6
A fo= 1425 =143
i =043 2 =04
b =l =l
=093 £ =0
A =045 =045
=075 =075
B = 1043 = 1045
g =0412 = 0412
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=100
v=023

=100
p=1.0

=100
p=3l

A =031 o =033]
5 =094 1 = 0949
b =094 8 =094
i = 048 =08
A fiy=0201 f=0201
13 = 0967 8 = 0.967
B fy = 0898 fy = 0898
15 = 0493 1 = 0493
A = 0066 = 0066
i = 0989 ot = 0989
b =003 =003
at = 0352 it = 0318

ot = 0318

ot = 0318

ot = 0318
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Conclusions

m This property is true for any failure
distributions of the component, the constraint
of system availability can be always relaxed.

m T his decision variable is different from the
others In that i1t Is a function.

m This approach can also be applied to those
problems that treat discrete cost values.
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The End
Thanks!
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