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This study is to develop database by an experimental method for the development of condition based maintenance for auxiliary equipment
in marine engine systems, Existing ships have been performing regular maintenance, so the actual measurement data development
is very incomplete, Therefore, it is best to develop a database on land tests, In this paper, a database developed by an experimental
method is presented, First, failure case analysis and reliability analysis were performed to select a failure mode, For the failure simulation
test, a test bed for land testing was developed, The failure simulation test was performed based on the failure simulation scenario
in which the failure simulation test plan was defined, A 1.5TB failure simulation database has been developed, and it is expected to
serve as a basis for ship failure diagnosis and prediction algorithm model development,

Keywords : Condition based maintenance(AEH7 |BEX|E4), Failure simulation database(10& Bt C|O|E{H|I0]|A), Failure simulation test( 0%
BAL AIE), Failure simulation scenario( 1A BAF A|LZ|Q)

1 A—I % (corrective maintenance), & {50l 2HAIglo] Y& 7|12 =
ot Ak2 & WA|sk= gl A7|[X|E4(planned maintenance
system)oi|2F-H| 7ol 2|=3sIct (Choi, 2013). SHXIZH Al

A7} MWl 7|EX HEPT &2 AbEokllT 27 Fo
[ oja) TEIP K Msto] siAlo 2 XFSSstMul0| FEut M ZekE=Znt 2glo] MHIE AAslEz F2 FtHdown
T oict Kigesdue eunl polo) o M2E Cixjgsp MM TE AR 52 8180] Ldgict ofsh 22 2XE
stoz SHAIZH|0f CH3F AIZ CJO|E{2 J|Eloz2 AAR T 2 B2 MAX M eMSln 1o, 0|5 SHESH| {5 A
CIslo] TIRIOIE0| Ch3H QAIEES 2sisks R} Kok Alet Ell7|2FHH|(Condition Based Maintenance, CBM) 7|&S 71t
(self diagnosis ship)?|&= 7|dtez JHestIX} St X7t H Tefetl flok ofE Aesh Al oS Zu|E st
Rk MEF 7|22 7|= Melo] Z#EIE Tl ofsl ol =sisH ANN z27|s s 2 22 WA 22l e RAHIES
o= ojmx|S y|Hlo| XISX OJAlEE O Makslo] Autol HUS = US H2Z of|MFICL (Lee and Youn, 2015).
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register, 2020). off olo ApAL AITle| BUER Y DERICHE falst s gt
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Fig. 1 Types of test target device (Alfa laval, 2018.)
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Table 1 Failure Modes, Effects and Criticality Analysis (FMECA) for 5 types of pump failure modes

Pump
i Criticalit
Main parts Failure modes Failure cau;es and Failure effect .y -
mechanisms Occurrence | Severity | Detection
Motor/ Sticking of Particle injection, Occurrence of vibration
. . L . 5 4 2
Pump bearing bearing Poor lubrication and noise
Mechanical Leakage Deterlorgtloh, Poor Reduced efficiency 5 4 2
seal lubrication
Overload, . .
) Elastomer wear ) Increase vibration 5 5 3
Jaw coupling Overheating
Coupling wear Misalignment Increase vibration 4 5 2
Rotor Rotor crack Cavitation Occurrence Of. vibration 5 5 2
and noise
Table 2 Failure Modes, Effects and Criticality Analysis (FMECA) for 5 types of purifier failure modes
Purifier
i Criticalit
Main parts Failure modes Failure cau;es and Failure effect ,y -
mechanisms Occurrence | Severity | Detection
. Sticking of Poor lubrication, Occurrence of vibration
Bearing . . 4 5 2
bearing Surface wear and noise
Repeated Tension imbalance, Decrease of
Belt ; ; o " 5 5 2
fatigue load Degradation transmission efficiency
. Friction between Decrease of
Coupling Element Wear element and hub transmission efficiency 3 4 2
Shaft Shaft crack l\/las; mbalance, Occurrence of vibration 5 3 2
Misalignment
Thermal degradation,

Seal Leakage Cutting (or Notching) No output flow 3 5 2
285i0] DX Cfolel S OIXIE AARE RUEY 2 B of7islof MESIICh E3 FS HolElE 2EkRle| 3% Tk
5l 1, O|E Fig. 2(a),(b)2t 20| LIERHACE A(PCB, Kistler AhE 225101 Q| B! HI0|EHE F S5

HAMel 28 2xl= AE M2l ¥ 2M &7 A2 2 KS Cl. clolef MEZ 2ll0|Ex 2MEA 1 kHz, TS 25.6 kHz,
74 (KS B ISO 10816-1, 1995; KS B I1SO 108163, 2001)0i| A5 51.2 kHzZ 2| Ful+ ojedo| HI0[EIE #5350 24

(d) Purifier sensor diagram

(c) Pump sensor diagram
Fig. 2 Monitoring system and Test-bed for land testing
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Table 3 Pump failure simulation scenario

Pump
Failure modes Jaw coupling elastomer wear Misalignment
. [o)
Normal = 0 % Angular : max. 0.9°

Failure test plan

Removel : 25 %
Remove?2 : 50 %
Remove3 : 75 %

Lateral : max. 0.25 mm
Offset : max. 4 mm

Failure simulation diagram

Normal Misalignment _ Angular

Misalignment _ lateral Misalignment _ Offset

Failure simulation test Roral

'r

Remove 2

Remove 3

Coupling Misalignment

Table 4 Purifier failure simulation scenario

Purifier

Failure modes

Friction element wear

Shaft misalignment

Failure test plan

Normal(0 %) : 29.48 g
Remove 256 % : 22.21 g
Remove 50 % : 14.74 g
Remove 75 % : 7.37 g

Remove 100 % : 0 g

Offset : max. 0.6 mm
Angular(CW, CCW) : max. 0.9°

Failure simulation diagram

Normal_(0%) Remove_25%

Remove_S0% Remove_75%

I N
T T 1T |

Normal Misalignment_Offset

I T e
T

Misalignment_ Angular(CCW) Misalignment_ Angular(CW)

Remove_25%(22.259)

ot
Failure simulation test Nomal (29459

Remove_50%(14.50¢)

Friction coupling element

Misalignment
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Fig. 3 Pump and Purifier Time domain Vibration data
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Table 5 Pump database construction status

Device | Components | Failure simulation test Data ?SC;L)“S‘“OH
Normal Normal 5
Motor Lubrication 5
Bearing Particle injection 5
Pump Lubrication 5
Bearing Particle injection 5
offset 20
Misalignment | angular 6
Jaw ateral 6
coupling removel 8
Pump Elastomer | remove?2 5
remove3 5
Mechanical Degradation 5
Seal
Rotor Cavitation 4
Option test Bearing Iife test 25
Complex failure test
Built-in data
Total Add-on data 109
Noise data

Table 6 Purifier database construction status

Device | Components | Failure simulation test Data ?Sceqtt)usmon
Normal Normal 15
Motor Lubrication 5
Bearing Particle injection 3
25 % 5
Friction Remove 50 % 5
Coupling 75 % 5
100 % 4
25 % 1
50 % 5
Seal 75 % 2
Seal degradation | 100 % 4
300 % 3
. 500 % 3
Purifer Seal broken 3
25 % 1
50 % 1
Belt tension | 75 % 1
Flat Belt | = hange  [100 % 3
125 % 1
150 % 2
Top Bearing Lubrication 3
Shaft Misalignment offset 4
angular 6
Built-in data
Total Add-on data 85
Noise data
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