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Lease contract
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I\/Iodel formulatlon(1/3)
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I\/Iodel formulatlon(2/3)

m Modeling failures and PM actions

The intensity function for the occurrence of failures with
periodic PM actions is given by

j
=Y b for i<y, 2)

1=l]

where f,=0 and d,=0.
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I\/Iodel formulatlon(3/3)

m Modeling costs
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TC, = (a +bi)
=1

Penalty 1 cost
N(L)
g [NULD), ¥, 7] = O [Z marci (), ¥; —rj}

i=1

P2(N(L)) = CpN(L).
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Model analysis(1/5)

m EXxpected number of failures
S TR 4EaE

L
EIN(L)] = Ag(L) = [.:{ﬂ(!]df
0

A ESTEN 4ERE

K
E[N(L)] = A(L) = Ay(L)= ) 6(L~—1)).

j=1
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Model analysis(2/5)

m Expected costs —— EfTCfJ—fl‘
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E[¢(N(L). Y. 7] = Cfﬂfu{ [i:;v T;.g.;y;,dy} the total expected
. Penalty 1 cost

=)

= C,AL) [[1 — G(y)]dy

‘ the total expected

Eld-(N(L))] = C,A(L) : - Penalty 2

Cost
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Model analysis(3/5)

m Total expected cost to the lessor

k
J(T,86) = CAWL) + Y (a +biy)
=1

=
+ C,A(L) T[l — Giv)dy + C AL)
where 6 = {4, da. .. -:tﬁk{r}}- Define
C'=C+C T[l —Giv)dy + C,.
Then, (13) c_an be rewritten as

k
+ > (a + biy)

i=l1

k
JHT.6) = {;Iﬂ:;u =3 SL—1)
=1

(13)

(14)
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Model analysis(4/5)

m Optimization

Stage 1. For a fixed T, K(T) satisfies k()T < L < (k(T)+
1)L and from (14) we have

k()
I
W@ T) = C' AL+ ak—C" 5, (L —j’f'—é) (15)
=

subject to the constraints

i1
0< 6(T) < A4y(iT) —Z 6(T), 1<j<k(T). (16)
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‘Model anaIyS|s(5/5)

m Optimization
Step 1: k=1.
Step 2: Evaluate T,,;, = LAk + 1) and T,,,,=L/k.
Step 3: Find T*(k) which yields a minimum for J(7, §*(T))
over the interval 7T, <1 <7 .x
Step 4: k—k+ 1. If k< k= [C'A(L)/a] then go to Step 3;
else. go to Step 5.

Step 5: Search J(T*(k).6*(T*(k))) for 1<k<k to
determine k* which vields the smallest wvalue for
J(T*(k), 6% (T*(k))). T* is given by T#=T*%(k*). Using this,
the optimal PM actions are given by ¢*=46"(7") and the
minimum expected cost to the lessor given by J(T*, 6" (T7)).
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“Numerical example(1/5)
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I = 5 (years), Cy =100( % ), C, =300( %),
C,=200($), a=100($) b=50(%$),
7 = 2 (days), m = 0.5, and g = (1.5,

We consider two values of 3 (2 and 3).
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m No penalty costs

Numerical example(2/5)

Table 1
Tk and AT YT versus &
Kk g=2 3=3

T*(k) J(T* (k) 6" T#(k) JTH (k) 6"

(T (k) (T*(k)))

| 250000 S1E00.00 30000 SES50.0M)
2 (415 ANl 136667 1 .7095 %£7410.33
3 12500 S 130D 1.250X) SHT06.25
i | AT AIN %1 300,00 I CHIMD SO0
5 ().8333 %1333.33 ().8333 SH055.56
(5] (0.7143 $1385.71 07143 S5006.12
ri 0.6250 S 145000 (.6250 £5817.19
" (.55%506 $1522.22 1.55506 576914
9 (.5000 S1A00.00 0.5000) RIT S0, (M)
L0 (4545 S1681.82 .4545 £5752.07

Note that k¥ =3 for =2 and & =9 for §=3.
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m With penalty costs

Optimal parameters ot PM policy [§ = 2]

Case T a7 JE= NT* §*)
Mo penalty | 250 2. 5000 S 1300000
Penalty 1 (0.7143 1. 4286 L

Penaltv 2 (.6250 | 250 L

Penalties 1 and 2 (. 5000 L OO0 S 240 .50

Table 3

Optimal parameters of PM policy [ = 3]

Case T+ e JE=JT*, a%)
™o penalty (5000 9 557500
Penalty | 02778 17

Penalty 2 (0.2273 21 o M
Penalties l and 2 (0.1923 23 SEOGH 00
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m Sensitivity analysis

P

e(4/5)
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Parameters
b (3) Cy (8) ] Z ] 4
T * ) * ) ik )

2 0 02273 STR00 & 02632 0666 02778 9376 04167 387951
100 0,123 6sealo | 02083 615674 02073 589536 02778 508272
0 0.1724 74104 | 01852 68394 01923 6860 02174 508261
30 01563 w801 ¥ 01667 %67 0174 TS 0189 673443

50 0 0.238] WA 028 B0 0315 696853 0.5000 575000
100 0.2000 463897 02174 Q1634 02381 BHTT 02941 T084.43
0 0.1786 0339 01923 Q6090 02000 g 023 403490
30 0.1613 05884 0.1667 062017 0174 014230 01923 481472

4 0 0.2500 086009 02941 B3N 033 004086 06250 7539.84
100 0.2083 070771 00m 1026799 02500 038 0315 006,36
0 01852 142606 02000 105091 02083 1080991 0.238] 10,078.23
30 0.1613 120602 01724 117282 0178 1151692 02000 10,889.60
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Numerlcal example(5/5)
m Comparison between policies 1 and 2

.“

Case Policy | sein * (%)
i* P I i* I

Mo penalty 10 5343703 (.5000 4 $3750.00

Penalty | 19 STT1247 0.2778 17 §731250

Penalty 2 2 111247 0.2273 Pl 5h034.50

Penalties [and2 20 58610.66 (11923 B 5496990

g@ﬂ IR AFIFIER
TN 4 ¥ LR R 2% % System Rellab|l|ty Lab




m T IRPREORGT 0 SRETEE - B
| AR P = A TR
m ;5 - B Arene; B Jaturonnatee et al.[2006]

A S 2

ik RS B B

LI TSR R TR
TN % 3w 2B 9 % F System Rellab|I|ty Lab




% ZHPHEAF1 1 ie8 p Ry

K é,u i&‘?ﬁﬁi System Reliability Lab.




	Optimal periodic preventive maintenance policy for leased equipment
	投影片編號 2
	Introduction(1/2)
	Introduction(2/2)
	投影片編號 5
	Model formulation(1/3)
	Model formulation(2/3)
	Model formulation(3/3)
	Model analysis(1/5)
	Model analysis(2/5)
	Model analysis(3/5)
	Model analysis(4/5)
	Model analysis(5/5)
	Numerical example(1/5)
	Numerical example(2/5)
	Numerical example(3/5)
	Numerical example(4/5)
	Numerical example(5/5)
	Conclusion
	未來成本模型的延伸方向

