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Abstract

components was studied. The purpose of maintenance scheduling is to minimize the cost of maintaining

The scheduling of planned maintenance problem of a system consisting of a number of

long-term operations. On the system side, the cost of a system shutdown can be minimized by grouping
and inspecting a number of components. In addition, proper inspection cycles can be selected for each
component to identify the failure sufficiently early to minimize the cost of the failure. To reduce the
complexity of the calculations, the 'base interval approach' used in previous studies was applied and,
in addition, the inspection cost savings from simultaneous inspections of multiple components were
considered. To compare the effectiveness of inspection cost savings, this paper presents the results of

simulation analysis performed by referring to the cases in the existing studies.
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Table 1. Component-Specific Weibull Parameters and Cost Items(4]

. Downtime
Component Code Shape Scale Replacement Inspection Cost Ci(€) Cost C' ()
p Parameter [3; Parameter 0, Cost C (€) (Assumed) s r;:ed)
Sheathing C286 1.73 486 14868 1200 350
Sheathing C285 1.88 507 39204 320 1100
Tightness C275 2.43 286 44880 330 1000
Stub bearing C230 2.53 898 57876 1180 1600
Tightness ring C460 2.14 905 73860 420 1900
Carrying bearing C419 3.55 736 46752 360 1600
Stub bearing C401 2.68 1094 48568 1670 1700
Labyrinth support C780 2.09 1388 74232 1700 1800
6 A~ G ( )9]_ g T = A&} Table 2. Optimal In?i)]ection Policy for Individual
Component
[4]19] Refinery centrifugal compressor Al Al
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Interval 7*(Days) |R, 1.
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Table 33} Zro] 29o|t}. o] AL 29 Z7|& 57 = Tightness ring | C460 19 36
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A 37 EE(C286, C401, C780)2 58Y F7|=2 AHANSH Stub bearing C401 48 269
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Table 3. Optimal Inspection Interval for Base Interval

Policyl4]
,Ki ASSC,)Ciated Optimal Inspection
Component Code [With Optimal Base Interval Kiz(Days)
Interval

Sheathing C286 2 58
Sheathing C285 1 29
Tightness C275 1 29
Stub bearing C230 1 29
Tightness ring | C460 1 29
Carrying bearing | C419 1 29
Stub bearing C401 2 58
Labyrinth support| C780 2 58
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Table 4. Inspection Interval for Base Interval Policy with Base Interval 25day

Group K, Associated Inspection Interval inspection Cost
No (Assumned) Component Code With Base Interval Kir(Days) Cite)
(25 Day)
1 . Sheathing C286 2 50 1200
2 Sheathing C285 1 25 320
3 3 Stub bearing C230 2 50 1180
4 5 Tightness C275 1 25 330
5 Tightness ring C460 1 25 420
6 3 Carrying bearing C419 1 25 360
7 Stub bearing C401 2 50 1670
8 4 Labyrinth support C780 2 50 1700
Table 5. Inspection Cost for 3 cases with Base Interval 25day
Inspection Case 1 Case 2 Case 3
. Inspected Components . . .
Time Inspection cost Inspection cost Inspection cost
25 285, C275, C460, C419 320+(330+420)+360 = 1430 320+420+360 = 1100 420
5 C286, C285, (275, CAGO, Eggg:gégﬁg;&i 412%5’_ 1200+420+1670+1700 = 1700
€230, C417, €401, C780 7180 B 4990
75 285, C275, C460, C419 320+(330+420)+360 = 1430 320+420+360 = 1100 420
100 286, C285, C275, C4GO, Eﬁgggégﬁ%g&: 4127033_ 1200+420+1670+1700 = 1700
€230, C417, C401, C780 7180 - 4990
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l

Assume iy, component has inspection interval 11, 21, ...,

start with small t=3

Calculate G(t) according to 3 cases of inspection cost and equation (1)

l

Increase t until 58 and
Calculate G(t)

}

Output the minimum G*(t )
and the associated ™ and K*;

Fig. 2. simulation flow chart
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BAXNZ7] ¥ XL7]H]_9.H].%31]. A7 E=2 Y ¢/=2,500
o}, 7F99) ube} AAHLL Case 1 € W 7FF 211, K; Associated .
With Optimum Base Inspection
Case 3 & d EH 7]’ 2 X]' ] = ] ]E_ﬂﬂolﬁ é-"]’ Case Component Code Interval Interval
1,2, 3 9 0 HA7|BF7)L 77t 209, 262 2 229 (26 Day) Kir(Days)
2 golg9ch Sheathing C286 2 52
Sheathing C285 1 26
Stub bearing C230 1 26
g 7 Tightness C275 1 26
g8 | Tightness ring C460 1 26
. // Carrying bearing | C419 1 26
& g ] N (zo.74y Stub bearing C401 1 26
% 8 Labyrinth support | C780 2 52
e
s (26,1109)
Table 8. Optimal Inspection Interval for Case 3 with
N L oner (72,500
. Case 2
g Segeenan -+ Case3
= (22,1004) * Minimum Ki Associated I "
T T T T With Optimum Base nspection
20 30 40 50 Component Code Interval Interval
Base Inspection Interval(t;) (22 Day) an(DaYS)
Sheathi C286 1 22
Fig. 3. Plot of Long-run Cost rate cathing
Sheathing C285 1 22
— 4/\ ] Stub bearing C230 1 22
o] F|% E._’_ A H A
Case 1, 2, 3_’] ﬂdﬂ“‘ 7]_’] H T7li % Tightness C275 1 22
H Z F4EE 34 HAR7]= U Table 6, Table Tightness ring C460 1 22
‘jy-l Table 834’ Zgh:]’ Case 1—0’] C286, C401 ‘;‘i C780 Carrying bearing C419 1 22
L HA7|EZE719) 2691 58 uft} 183 Um R 57) Stub bearing €401 1 22
;I-L/%]ﬁ o _;:qxqﬂ L] 17191 29021 U]":]' 7611}\]_—3]_\%_ 7/_101 _%1;54' Labyrinth support | C780 1 22

o7 BAEQt} Case 29] C2863} C7802 4 7]5
Z7] 2699 26491 529 Wi}, Y] 67 TAHELS 2
A itk HAHH C4012 Case 13 th2A] 34 7]3
F71°l Arbsks Aol Aoz Z4HU.

Table 6. Optimal Inspection Interval for Case 1 with

€1=2,500
) Ki Ass.ociated Inspection
Component Code With OIE E;Tvl;?l Base Interval
29 Day) Kiz(Days)
Sheathing C286 2 58
Sheathing C285 1 29
Stub bearing C230 1 29
Tightness C275 1 29
Tightness ring C460 1 29
Carrying bearing | C419 1 29
Stub bearing C401 2 58
Labyrinth support | C780 2 58
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Table 9. Optimal Inspection Interval for Case 1 with

=500

) K Associated Inspection

Component Code With ?g:;rfvl;?q Base Interval

(20 Day) Kir(Days)
Sheathing C286 3 60
Sheathing C285 1 20
Stub bearing C230 1 20
Tightness C275 2 40
Tightness ring C460 1 20
Carrying bearing C419 1 20
Stub bearing C401 2 40
Labyrinth support | C780 3 60

Table 10. Optimal Inspection Interval for Case 2 with

=500
Ki Associated Inspection
Component Code ith ?E:;Tvi?q Base Interval

(17 Day) Kiz(Days)
Sheathing C286 3 51
Sheathing C285 1 17
Stub bearing C230 1 17
Tightness C275 2 34
Tightness ring C460 1 17
Carrying bearing | C419 1 17
Stub bearing C401 2 34
Labyrinth support | C780 3 51
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Table 11. Optimal Inspection Interval for Case 3 with

=500

) Ki Ass.ociated Inspection

Component Code With ?EI;TVZT Base Interval

(12 Day) Kir(Days)
Sheathing C286 2 24
Sheathing C285 1 12
Stub bearing C230 1 12
Tightness C275 2 24
Tightness ring C460 1 12
Carrying bearing | C419 1 12
Stub bearing C401 2 24
Labyrinth support | C780 2 24

Agdold #4 AT FH 7 Y T4EC 2
A A1 G7F 500(€), 2500(€)Y o 2+ Case
3 AAF7)E Table 1294 2th

Table 12. Optimal Inspection Interval for Case 1, 2, 3

with =500 and 2500

G=2500 | C,=500

Individual

Component | Code | Inspection Case Case

Optimal

1 2 3

Sheathing C286 58 58 | 52| 22 | 60 24

Sheathing C285 17 2912622120 12

Stub bearing | C230 15 29 | 26 | 22 | 20 12

Tightness C275 36 29 | 26 | 22 | 40 24

Tightness ring | C460 19 29 | 26 | 22 | 20 12

Carrying
bearing

C419 2912622120

Stub bearing | C401 58 | 26 | 22 | 40

Labyrinth
support

C780 58 | 52| 22
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