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The O&M (Operation and Maintenance) phase of offshore plants with a long life cycle requires heavy charges and more

efforts than the construction phase, and the occurrence of an accident of an offshore plant causes catastrophic damage. So previous

studies have focused on the development of advanced maintenance system to avoid unexpected failures. Nowadays due to the

emerging ICTs (Information Communication Technologies) and sensor technologies, it is possible to gather the status data of

equipment and send health monitoring data to administrator of an offshore plant in a real time way, which leads to having

much concern on the condition based maintenance policy. In this study, we have reviewed previous studies associated with CBM

(Condition-Based Maintenance) of offshore plants, and introduced an algorithm predicting the next failure time of the compressor
which is one of essential mechanical devices in LNG FPSO (Liquefied Natural Gas Floating Production Storage and Offloading
vessel). To develop the algorithm, continuous time Markov model is applied based on gathered vibration data.
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<Table 1> Failures of Centrifugal Compressor[18]

Oil export

Export gas

Lift gas

Failure causes Frequency
Rotation/shaft 22%
Instrumentation 21%
Radial bearing 13%
Blade/impellar 8%
Thrust bearing 6%

Compressor seal 6%
Motor winding 3%

Diaphragm 1%
Etc. 20%
Total 100%
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<Table 2> State Transition Data logged from State 0 to State 1

n £ (days) n 3, (days)
1 27.1491 15 17.21889
2 27.34791 16 31.15123
3 17.95437 17 32.44528
4 25.21705 18 20.52289
5 13.91148 19 18.74831
6 33.20359 20 21.01193
7 9.151745 21 9.606962
8 19.56944 22 22.73098
9 9.906956 23 34.30795
10 7.688598 24 30.91905
11 33.47534 25 30.8892
12 27.22364 26 19.17847
13 30.03122 27 17.50494
14 14.81035 28 17.90596

<Table 3> State Transition Data logged from State 1 to State 2

n t1,(days) n t1,(days)
1 8.067937 14 7.595435
2 12.20144 15 10.65996
3 10.35079 16 12.53101
4 13.47584 17 6.604811
5 10.52834 18 7.568627
6 10.52549 19 11.39907
7 10.80039 20 12.22548
8 11.91516 21 12.61955
9 8.676589 22 10.02284
10 7.986128 23 7.700108
11 13.1235 24 9.362867
12 9.8466 25 12.1726
13 8.1512

<Table 4> State Transition Data logged from State 3 to State 4

t5, (days)

435639

2.76207
2.483207
2.139931
3.797224

DB W =y

5 5
A= Ty = 3 5. 155388

Dty

= 0.3028 (10)

o}Zf 9] <Table 5>, <Table 6>, <Table 7>, <Table 8>
715 F7F TEskA ¥ AE o] dHolHE yEd
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<Table 5> State Transition Data logged from State 2 to State 3

n t5;(days ) n t5;(days)
1 4.556848 7 5.292337
2 3.356801 8 4.141467
3 3.341551 9 5.669448
4 4.344885 10 3.596734
5 6.531252 11 5.468217
6 4750618 12 3.694979

<Table 6> State Transition Data logged from State 1 to State 0

n ti (days) n ti(days)
1 23.96633 13 15.09506
2 8.446151 14 16.80681
3 14.45887 15 14.23533
4 21.05506 16 25.16945
5 22.98696 17 12.84559
6 11.9394 18 10.35061
7 16.59663 19 8.336276
8 8.979538 20 25.9142
9 18.73128 21 26.8688
10 27.40702 22 11.79822
11 10.74102 23 14.46904
12 27.86022

<Table 7> State Transition Data logged from State 2 to State 1

n 2 (days) n 2 (days)
1 21.66717 11 2171048
2 23.48268 12 10.26189
3 13.28045 13 19.69799
4 6.363142 14 9.717575
5 2257028 15 24.05417
6 19.67795 16 8.485054
7 17.58114 17 6.44593
8 8.929758 18 20.13992
9 20.61978 19 10.15864
10 6.541435 20 24.06584

<Table 8> State Transition Data logged from State 3 to State 2

t1,(days)

6.704814

8.702715

4.046467

5436323

6.75059

1.258886

N ||k WD =

4315152

2,=0.2192
244=0.1096 1,=0.0634
State
-~ 5 0: Good vibration performance
20=0.0498 Hi=0.0582 1: A warning alarm(low)

2: A warning alarm(middle)
3: A warning alarm(high)
4: A trip

<Figure 6> State Transition Diagram of Sample Data
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_
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Lz(t|s =1) =L2(t|s =O)*L1(t|s =0)
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1
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1
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+
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1
L,(tls=0) = ——— = 20.0803(days)

0.044 (16)

2 (16)9] 3 2 (15)0] ek ofee} 2ok,
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>

1 (16), A (17)9] 72 A (14)°] dhgsha, 2 (18)3

s
R

L,(tls =1) =29.7616 —20.0803 = 9.6812(days)  (18)

=g A (17, 4 (18)9) @ A (13)9] A, 4

Ly(tls =0)

9.6812 + #}

_ 0.2192 - 0.0634
0.0634

{1_( 0.0634 )}2{
0-2192 100634

1
+ er 29.7616 = 34.9116

(19)

>

1 (17), A (19)9] 72 A (12)°] dhgshd, 4 (20)3

8

s

mpEto 2 A (19), 4 (2009 gk A (11
W thg g7kA AElE A ofele} o] FAo] T}
5

3.

~ o~

L,(tls=0)

_ l 0.3028 - 0.1881

1
( 01881 5.1500 + 0.1831 }}

2 " {
0.3028 +0.1881 )}

+

03005 319116 =39.7809 1)

d

TFok & A state7} 1, low AX AEEbd, S 23714
A= A A (16)3 A 2ol 23te] ofgel 2o

ARk = o 2Tt

L4(t\s =1) =L4(t\s =0) *Ll(t|s =0)
=39.7809 — 20.0803 = 19.7005 (days )

(22)

L,(tls=2)=1L,(tls=0)—L,(tls=0)
=39.7809 —29.7616 = 10.0193 (days )

(23)

L4(t|s =3) =L4(t|s =0) *L3(t\s =0)
=39.7809 — 34.9116 = 4.8693 (days )

(24)
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