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The Fault Diagnosis of Marine Diesel Engines
Using Correlation Coefficient for Fault Detection

7|7=|%=| 7104 ol o:

o
O o , o= , 1T o

fol

*k K

Kyung—Yup Kim", Yung—Ill Kim™" and Yung—Ho Yu

[©Ne]
e -/

B =72 At AA] Al2"e A £ HolHE BAA BAS T3 1ARFE A9 F e FAF
W 7)eke] IR GA 2ELS Ajkstt) o]E fJe) AEkIZH ol E d4AlE, EudAE, 18a A ¢
HEATOE EF/ata o5 HolH 1F AoATE F48t 1ZXTEE 8 sk Wit 2 7|9e] 2
olES =& uAXI TS HI2ES Y] Hal AA Fulolg 1o Hle] E F v TS AY
st TS At o]F AREAHO Y] QI o]AE AFaely] A3 VC++E TN 2ES FAs
o}

Abstract

This paper proposes fault diagnosis system which is able to diagnose the fault from present operating
condition by analyzing monitored signals with present ship monitoring system without additional sensors. For
this all kinds of ship's engine room monitored data are classified with combustion subsystem, heat exchange
subsystem and electric motor and pump subsystem by analyzing ship's operation data. To extract dynamic
characteristics of these subsystems, log book data of container ship of H shipping company are used.

Key words : Correlation Coefficient, Fault Detection, Marine Diesel Engines, Statistical Analysis Method
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Fig. 1. Classification of the system in a marine
diesel engine room.
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Table 1. Data of the combustion system.
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Table 2. Data of the heat exchange system.
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Table 3. Data of the motor and pump system.
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Fig. 2. Time serial data of the load and No.1 T/C

speed.
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Fig. 3. Time serial data of the load and cylinder
mean exhaust gas temperature.
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Fig. 4. Time serial data of the load and No.1 T/C
exhaust gas temperature.
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Fig. 5. Time serial data of the FO circulation pump

inlet/outlet pressure.
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Table 4. CC of the MlIs in PCO ranges of the load.

Load
R1 R2 | R3 | R4 | R5 || PCC | MCC| SDCC
No.l Cyl Texh 0121 | 0.783 | 0.5 | 0593 | 0.741 1| 051] 0366

No.2 Cyl Texh || 0553 | 0.702 | 0518 | 0.857 | 0612 | 0.399| 065| 0.136
No.3 Cyl Texh || 0690 |0.805 | 0.797 | 0.887 | 0.630 || 0453| 0.76| 0.102
No4 Cyl Texh || -0.081 | 0638|0520 | 0456 | 0458 || 0.449| 0.40| 0.278
No5 Cyl Texh || -0.243 |-0.125] 0.119 | 0.885 | 0636 || 0.372| 025| 0488
No6 Cyl Texh || 0324 | 0.341 | 0.104 | 0.751 |-0.014|| 0.379| 0.17| 0403
No.7 Cyl Texh || 0158 | 0453 | 0.701 | 0.934 | 0594 || 0.391| 057 | 0.289
No.8 Cyl Texh || -0.353 | 0.586 | 0.667 | 0.883 | 0.737 | 0.523| 0.50| 0.491
No9 Cyl Texh || -0.329 |-0.220|-0.044| 0922 | 0226 | 0.481| 0.11| 0.499
No.10 Cyl Texh | 0.500 | 0.244 | 0638 | 0.723 | 0.375| 0.347| 0.50 | 0.193

Cyl MTexh 0.060 | 0548|0563 | 0938 | 0512 | 0458| 0.52| 0.312
No.l T/C Texh || -0975 [-0.936|-0.970|-0.997-0.960| 0.440| -0.97| 0.022
No.2 T/C Texh || -0974 |-0.937|-0.953|-0.994|-0.956| 0.452| -0.96| 0.022
No.3 T/C Texh || 0972 |-0.875|-0.921]-0.984|-0.930| 0.442| -0.94| 0.044
No4 T/C Texh || -0967 |-0.882|-0.932]-0.983|-0.932|| 0.408| -0.94| 0.041
No.l T/C Spd | 099 | 0972|0977 | 0989 | 09% || 0.450| 0.99| 0.011
No2 T/C Spd || 099 |0974| 0980 | 0990 | 09% | 0941| 099| 0.01
No.3 T/C Spd || 099% |0973| 0980 | 0993 | 09% | 0938 0.99| 001
Nod T/C Spd || 09% | 0975 | 0976 | 0989 | 0.99% || 0944| 099| 0.1

Scav air Pin 099% | 09820979 | 0992 | 0.998 | 0944| 0.99| 0.009

Scav air Fwd
Tin
Scav air Aft Tin[| 0925 | 0926 | 0.967 | 0.629 | 0990 || 0.629| 0.89| 0.147

0954 10636 | 0875 | 0527 | 0922 || 0.888| 0.78] 0.21
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Table 5. CC of the cylinders exhaust gas
temperature in a PCO ranges of the cylinder mean
exhaust gas temperature.

Cyl MTexh
Rl | R2 | R3 | R4 | R5 | MCC | SDCC
No.l Cyl Texh 0982 0988 099 0924| 0868[ 0952| 0.055
No.2 Cyl Texh 0990| 0976| 0987| 0934 098] 0979 0.013
No.3 Cyl Texh 0992| 0993| 0986| 0979 0962] 0932 0.013

No4 Cyl Texh 0.99]| 0986 0993 0983] 0916 0974 0.033
No5 Cyl Texh 099 0996 0960 0981| 0922 0977 0.020
No6 Cyl Texh 0.991| 0.984| 0991 0969| 0940 0975 0.022
No.7 Cyl Texh 0.998] 0.981| 0990| 0974 0984 0985 0.009
No.8 Cyl Texh 0.99%]| 0982 0996| 0972 0974 0984 0.011
No.9 Cyl Texh 0.99]| 0957 0976 098] 0975 0978 0.014
No.10 Cyl Texh 0.998] 0979 0984| 0.991| 0973 0985 0.010

HE 49 F 52 202 AR A
(e}

=
6%
AL

¥ 6. MEIIX|AT|HE o AMEICHK| Al O] A
Table 6. Fault diagnosis knowledge base based on
expert knowledge.

Rule
Rule

No.
RL1 If f1=L and f2=L and f3=M and f4=L, then u=fault
RL2 If f1=L and f2=L and f3=H and f4=L, then u=fault
RL3 If f1=L and f2=L and f3=H and f4=M, then u=fault
RI4 If f1=L and f2=M and f3=L and f4=L, then u=fault
RL5 If f1=L and f2=M and f3=M and f4=L, then u=fault
RL6 If f1=L and f2=M and f3=M and f4=M, then u=fault
RL7 If f1=L and f2=M and f3=H, then u=fault
RL8 If f1=L and f2=H then, u=fault
RL9 If f1=M and f2=M and f3=H and f4=L, then u=fault
RL10 If f1=M and f2=H and f3=L and f4=L, then u=fault
RL11 If f1=M and f2=H and f3=M and f4=L, then u=fault
RL12 u:fallﬂft fI=M and f2=H and f3=M and f4=M, then
RL13 If f1=M and f2=H and f3=H, then u=fault
RL14 If f1=H and f2=H and f3=H and f4=L, then u=fault

* Input variables - fl : Load
f2 : T/C inlet temperature
f3 © Scavenging air pressure
f4 © Scavenging air temperature

# Qutput variable - u : Exhaust gas temperature
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Table 7. MCC and FDCC of the Mis in a
combustion system.

« Scav Scav
Cyl Texh|T/C SPD|T/C Texh| 5 | 2R
Load MCC 099 -0.9% 099
¢ TFpee 09791 | -0.85013} | 0.9701%
MCC| 097 094 092 096
Cyl
091
Texh  |FDCC| 0.8601% | 0.820]% 0.790]% o
o
T/C MCC| 094 099
SPD FDCC| 0.820]7¢ | 09307
T/C MCC 097
Texh  |FDCC 0914
MCC| 092 097
Spav air 089
Pin FDCC|| 0790
o]/bl
Seav airl MCC | 096 097
Tin FDCC| 09104 0.890] 4%
oI 7]1A,

MCC : mean of correlation coefficient

FDCC : correlation coefficient for fault detection
MI: measure item

Cyl. Texh : cylinder exhaust gas temperature[ C]
T/C SPD : turbocharger speed[rpm]

T/C Texh : turbocharger exhaust gas temperature[ C]
Scav. air Pin : scavengining air inlet pressure[MPs]

Scav. air Tin : scavengining air inlet Temperature[ C]
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Fig. 6. Application for fault diagnosis system.
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Fig. 7. Alarm display for fault diagnosis.
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Fig. 8. Results of fault diagnosis in case of normal
T/C Texh data.
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