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Optimal preventive maintenance policy for
leased equipment using failure rate reduction
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Mathematical formulation
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Fig. 1. Preventive maintenance scheme under fixed failure rate reduction.
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I\/Iathematlcal formulatlon
m i3 ?“ﬁ#ﬁ ak

A;A[n,f‘i,g—Z/tj+l[ () — is)dt = H L}—.:iz —t), (1)

i=0 i

g, P2 T IR £ £ 3 el
N % 52V 3B F % % System Rellab|I|ty Lab

...__&1.___'. 2



" AN e T e T
Mathematical formulation
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— KH(L) + nCpn(8) — K5 > (L — t;), (2)

where K =C,,, + C, + C, JI‘““_" jdt represents the expected cost for

each failure. Without PM actions (n =0), the expected total cost re-
duces to

Co=C(0,0, t; L) — KH(L). (3)

Y )R W r JEJ/R R MY . DYyOLTIHIN I\TililavlliiLy Lauv.




..J\...
3@
"\/"

?,u

e R L TR e o -*%{s_:——*-ﬂr"‘ r;tﬁ_f_...—-—'ﬁ.—-_- _

TR ERE R —

Trade off

S SR TR T
# B F % % System Rellab|I|ty Lab

JEEES (DR




Optlmal PM pollcy

Minimize C(n, o, t) = Cy + nCpp(9)

Subject to h(t;) —i0 > 0 for all
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theoreml

Theorem 1. Given any n>0 and o> 0, if h(t) is a strictly increasing
function of t, then t; = h='(id).

C(n,o

i=1

t') = Co +nCym(5) — I(é{nL - i[h‘l (55)]}
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theorem?2

Theorem 2. Given any n> 0, the following results hold:

(i) Ifb~ KL > 0, then &: =0
(i) Fb-KL<O and 2(2 [) (Z””[’)W then

there exists a unique o, ¢ [0, %} such that the expected total

cost 1s minimized.
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Step 1: If b— KL = 0, then (n,é,t)=(0,0,0) and STOP.

Step 2: Set (n,6,t)=(0,0,0),C(n",é,t)=Co,n= 4, andn=1

Step 3: Search for 4, ¢ (U, %) such that C(n,d,|t") =

mm( n,da|t).

Step 4: It C(n,o|t7) < C(n,6",t"), then set C(n",o",t") =
C(n,é|t") and (n*, 6", L") = (n,6,,t).

Step 5: It n=n, then STOP; otherwise, set n=n+1 and go to

step 3.
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Welbull case

Minimize C(n, é,t) = K(xL)" + n{a + bd) — nKoL + Ko Z t;

i=1

Subject to h(t;) —i6 =0 forall i=1,2,... n

(i) If b— KL = 0, then &, = (0. (5-1)
(i) If b— KL< 0, then &, = {n(L _%)(%)( 1 E,@h) (331)} .
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Welbull case

o Step 1: If b—KL = 0, then (n,6,t)=(0,0,0) and STOP: other-

wise, setn=1. (h-1)
. " e . j-1
o Step 20 Set g = {H(L—%) &)( . ,;T'T)( 7 )} and
=1

[ = W(16)FT
e Step 3: It n=n, then STOP; otherwise, set n=n+1 and go to
step 2.
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Numerical examples for the weibull case
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/i L L Ch Cp n C & A%
1.5 090275 0.5 0 78.42 0 7842 0 0
200 149.13 0 14913 0 O
1 0 221.80 0 221.80 0 0
200 421.80 1 32027 0.8131 24,
3 0 1152.52 2 63090 0.9123 47.
200 2191.75 3 837.56 0.6805 G1.
5 0 2479.82 3 02448 0.8760 62.
200 4715.89 ] 1256.33 0.5769 73,
2 088623 0.5 0 55.45 0 5545 0 0
200 105.45 0 10545 0 0
1 0 221.80 0 221.80 0 0
200 421.80 1 357.94 0.8815 15.
3 0 1996.22 3 1015.60 1.3873 49,
200 3796.22 5 1377.76 0.9605 G3.
5 0 5545.04 & 1811.06 1.3642 67.
200 10545.04 9 239917 0.9763 77.
3 0.89298 0.5 0 27.73 0 27.73 0 O
200 52.73 0 52.73 0 0
1 0 221.80 0 221.80 0 0
200 421.80 1 393.41 1.0360 5.4
3 0 5988.65 & 271231 3.1494 54.4
200 11388.65 10 350432 2.1929 69.3
5 0 27725.22 17 7099.88 3.7202 74.4
200 52725.22 24 8761.85 2.8147 83.4




Compared Wlth two other poI|C|es
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i G # Policy | Policy P Policy Y

iy ( A% iy ( A% iy ( A%
15 0 0 2 b1531° il 2 62090 45
0 20 | 104231 639 | 106591 3.2
300 0 ] 90763 634 ] 02443 b7
300 20 ) 12391 740 ] 125633 134

2 0 | 128000° 483 ] 130000 48.0 | 128000

20 ] 2067.71° 124 ] 07500 123 ] 2067.71°

300 0 b 181105 b7.3 b 1820.70 b7.2 b 1811.06°

300 20 g 299,16 7. 9 240450 1.2 9 239,17
] 0 10 3703 3.5 9 3730.00 3.0 10 347139 3.2
200 ) 287 194 /] 8034590 1.6 il 182184 791
300 0 16 700992 141 17 131250 736 17 1099.38 144
300 20 A 361066 83.7 2 3969.90 33.0 A 876183 834




7] - closed-form solution
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