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Study of Fault Diagnosis on Marine Diesel Engine

Using Regression Analysis

Jang, Min Kook

Department of Marine Engineering
Graduate School of Korea Maritime University

(Supervisor : Prof. Choi, Jae Sung )

Abstract

The engine machinery, especially main engine's fault and unplanned
stopping cause operational loss and decline the shipping company's
reliability in merchant fleet. Therefore, the shipping company invest
the facilities for getting qualification for UMA(Unattended Machinery
Area) vessel and ship's crew maintain duty system always in order to
prevent and minimize loss. The AMS(Alarm Monitoring System) is one of
the facility that can grasp operating condition in ECR(Engine Control
Room) and getting qualification for UMA Vessel. Sometimes the AMS can
combine control function. When the AMS detect abnormal condition, it
makes visual-aural alerts and stopping also. Visual-aural alerts are
designed for distinguishing abnormal condition and type easily. The
method of distinguishing abnormal condition is designated monitoring

knowledge of expert without additional sensors.

Vii
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Also I am supposed to demonstrate the effectiveness. The subject and
data of study are damaged piston ring and cylinder liner of main
engine data that is collected from may 2015 year to february 2016
that was recorded 1 minute interval. The main engine with low

speed(Crosshead type) is made by "W" company.

Contents of collected data are 133 parameter including fuel pressure
filter outlet, main bearing pressure, thrust pad bearing lubricating
o1l pressure, crosshead lubricating oil pressure, turbocharger speed,
scavenge air receiver pressure, each cylinder exhaust gas temperature,
engine speed, etc. The result of time series analysis is earlier at
least 3 day or at most 1 week than reporting time by vessel's crew.
These method of fault diagnosis have to need many case study and
accunulated data. Also optimized position of sensor is required for
confirming exact engine condition and necessary sensor is verified for

fault diagnosis.

KEY WORDS: Fault diagnosis, %% ; Marine diesel engine, Av+& T
Al ol 7l ; Regression analysis, 3|74 ; Correlation coefficient,
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Table 3.1 Classification of data acquisition format

o Aubel A LAlsts dolE f@ &1 wol

7] Table 3.10 7o Egto] FHojlom &go]

Item

Techniques

CBM Data type

- Value type, Waveform type,
Multi dimensional type

- Event data and condition monitoring data

Product status data

- Vibration, Pressure, Electric power,
Resistance, Insulation, Abrasion,
Displacement, Corrosion, Flow rate,
Velocity, Oil debris, Thermography,

Spectrometric data etc.

Product operation data

- Mileage, Operator, Operating condition,

Mission profile data, etc.

Failure modes

- Clogging, Crack, Damage, Corrosion,
Loosening, Missing, Abrasion, Bending,
Burning, Short circuit, Low insulation,
Disconnection, Malfunction, Leakage,

Heat attack

Failure Causes

- Design Cause, Manufacturing Cause,
Usage Cause(Ageing Failure, Misuse
Failure, Mishandling Failure)

- Abrasion, Abuse, Age Deterioration, Bond
Separation, Consumable Depletion,
Contamination, Corrosion, Dirt, Fatigue,
Friction, Operator Negligence, Puncture,
Shock, Stress, Temperature Extremes,

Vibration, Wear
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[%CMCR]

120
110
100

90

80

70

ENGINE POWER

60

50

40

ENGINE SPEED [%CMCR]

®

The portion on the right of the nominal propeller characteristic is the ser-
vice range without continuous operating restrictions related to the se-
lected CMCR point.

The portion on the left of the nominal propeller characteristic is the service
range for transient operating conditions (acceleration) and should be
avoided for continuous operation.

Maximum permissible engine power 40% CMCR from approx. 50% up to
67% of CMCR speed.

®|®

Service range with operational time limit, follows a characteristic:
P=n 2.45 )

This characteristic originates from the reference point 95% CMCR power
and 95% CMCR speed. With longer operating time in this range, thermal
overloading and possible resulting engine damage may be expected.

Service range with overspeed of 104 to 108% of CMCR speed, only per-
missible during sea trials to demonstrate the CMCR power in presence of
authorized representatives of engine builder. However, the specified tor-
sional vibration limits must not be exceeded.

Recommended layout range for fixed pitch propeller, valid for the maxi-
mum draught, clean hull under contractual weather and sea conditions.

QIS

Overload range permissible only for maximum one hour during seatrials
in presence of authorized representatives of engine builder.

Fig.3.4 Interrelationship between engine and propeller
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Table.3.2 Correlation coefficient for real operating ship

M/E NO.1 M/E NO.2 | M/E NO.3 M/E NO4 | M/E NO5 | M/E NO.6 M/E
CYL. EXH CYL. EXH CYL. EXH CYL. EXH CYL. EXH CYL. EXH OR]éER
GAS OUT GAS OUT GAS OUT GAS OUT GAS OUT GAS OUT RPM
TEMP TEMP TEMP TEMP TEMP TEMP
M/E NO.1
CYL. EXH
GAS OUT 1 0.996433 0.99636 0.991093 0.997101 0.958794 0.953976
TEMP
M/E NO.2
CYL. EXH
GAS OUT 0.996433 1 0.998506 0.991149 0.99796 0.96383 0.956092
TEMP
M/E NO.3
CYL. EXH
GAS OUT 0.99636 0.998506 1 0.991814 0.998252 0.963642 0.956174
TEMP
M/E NO.4
CYL. EXH
GAS OUT 0.991093 0.991149 0.991814 1 0.992413 0.954802 0.949418
TEMP
M/E NO.5
CYL. EXH
GAS OUT 0.997101 0.99796 0.998252 0.992413 1 0.961059 0.954104
TEMP
M/E NO.6
CYL. EXH
GAS OUT 0.958794 0.96383 0.963642 0.954802 0.961059 1 0.921808
TEMP
M/E
ORDER 0.953976 0.956092 0.956174 0.949418 0.954104 0.921808 1
RPM
Uurz o7 EA T A=
2= 5L © S
FBAGFTE 1.0 0.7 Arolol|, A S A TA,
D -
-0.77 -0.3 AtololdH, FEg 534 AP TA,
. )
-0.33} 0.1 Afolol®a, <kt & AP A,
N )
013 +0.1 Abelol®d, AL FAE & A= AFBA,
+0.13 +0.3 Afo]o]H, ¢kt k& A3 A,
+0.33 +0.7 Atolo|H, FEg 4 AP A,
+0.77 +1.0 Afo]oldH, 733k & A A
2 F853 Ao wEA 07914 1.0 Akolel] A= FAILE +0.7901A4 +1.0AF
[e) = =] O T
oo A= AAME HoZ 2o 1] A2 EF/sHE vl Hsioh
dukx o2 HAHAY Hi7|7taEe) Hg7] wr7taeE s Foks =2 A
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Fig.3.5 Regression analysis by example™
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87 (regress) o] Bl ol Al AHE Bolrks AL omAth G £
AR ZAPA 2 BHE Bl 719 ofo] B 7] Atole A% BAE AT
WA Hmel el 7] Aolel HFAQ WA Y3 F17F AAAY FopH
t AnTE A 7] BEoE SobbEe APl Ytk sHEA AT ol

3

=
on B4 BAE EEsd HARA olge FeHon FUstdth = o

Ao] A EPusoln ok el sk F&MST} HE ol

1%
o

7d <=3

o
i

shitel F4ug sl SYUS Aold BAE B

7
=2 (simple regression analysis), 319 FEMFe}t o8 ZHHAST Alolo] #

TR & AE TF 3 AEA (multiple regression analysis)©] 2}l
X
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o714, x1, x2, X3 .... xn : Value

Fig.3.6-> ¥ +to] 5001™ FFHA7E 2091 dlolEl9] dojt}. s d]o]Ef oA
P EF H1aEH 209 #$e 7HAe AxEolw BEWAF 20
1/\1:11:}( 0)= FHHTE 24 29 20)E= EFHAF 40 3 FeTh
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Bl L s ™ L ™ O
{ L 2 ¥
o bt t
& |

: L ] w L ¥ O

2 AFNAE FAAE AAs] AT HHoE Y AGH
(base line) &, W+ #k< wel X3 e FEY HAE FZHAE YUEHY
3 ®FE UAY 2471w}, 3A TR}, 44 TRF Fo2 AES 5 HAE
o o] @A WSl A FAAE 4
Al A (lower threshold)2} & Tt

il

Wl P wom Huel ofF E4o
z0gtE W2t WASA Ak o)
gl BeloA HEe lsd @ Ade A2
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A4 FALEAE o] & AN 2ZIGE FE A
41 dHlo|g9 HS

Z 18,0041 7S A3 7| o 2 2013.06.0] S5 2@ e/ MEe A
dhof| X E o}, 6719 AHUGZ FAFH o "WALS] HAAlAoj2] A

Table 4.1 The specification of the target engine

“W” Two stroke low-speed cross-head type

Running hour 18,004 hours
Cylinder bore mm 820
Stroke mm 3,375
kW 23,900
rpm 75
MEP(bar) 17.9
CMCR Pmax(bar) 159
Mean piston
8.4
speed(m/s)

AMS HIolHE FHE3H7] 93l AMS A ZAebe] HolE 53
ZEZ gk Hor} FutEA R olg A FRlE TR EZZ ALFS 2]E
T Y= 71AIE dEYst AR ¢S F Ade dojet =29 3§
_‘_Tv;'_

o] 7hssixlth AR WAL HIFH st= tl2=e) s
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51 717} vlo]Eoln A d
olE] & oF 45 w7} npolEolt}t. opFZ 1 ulolE 36071, TIAIE tlolE 7137H
FollA B AFoAe Fr1E #EdE ofld=E dolE 11I/ME AR
o Adel 122 AZE dolHe Aug 94 SEuE S8l 23 A<
74 tlolE]l AHME HAEHIL HAEH HolEle A A AR FEE
AAEA £Ao] 7hed FEE A FEh Figdl> AMSERE HEE HX|3

AMEE Tl AlEL(serial) TAICZ HEAH tlolH & HAFHE

Total 111 Parameters l

M/E MO M/E NO2 M/E MO ME NOA M/E NOS M/E NOS M/E ORDEM/E FEED M/E NO1 M/E NO.2 M/E NO.3 M/E NOA M/E NOS M/E NO.6 SCAV. AIR SCAV. AR
o 1 4

33s 351 aza EET) 333 64 64 o 13 -a - a2 a4
337 33z 350 az7 aze 333 64 64 o o 13 -10 1 -4 az aa

337 337 as0 327 339 333 64 63 o o 12 10 1 - az aa

337 337 3s0 327 339 333 64 63 o o 12 a 1 a az aa

00:20 338 33z 350 327 339 333 64 64 o o 12 a 2 - a2 a4

2015-05-01 G:00:25 338 337 3s0 327 339 333 64 64 o o 12 10 1 -4 a2 a4
2015-05-01 0:00:30 337 337 350 327 330 333 64 64 o o 12 -10 1 -4 a2 2
2015-05-01 ©:00:35 337 337 350 327 239 323 64 64 o o 12 10 1 -a a2 aa
2015-05-01 00040 337 337 350 327 339 332 64 64 o o 12 -9 1 -4 a2 A
2015-05-01 00045 337 337 350 327 339 133 64 64 o o 12 -9 1 -4 a2 a4
2015-05-01 GO0:50 337 337 350 az7 339 332 64 64 o o 12 -9 2 -4 a2 a4
2015-05-01 G:O0:55 337 337 350 a7 339 332 64 63 o o 12 - 1 -4 a2 a4
2015-05-01 ©:01:00 337 337 349 az7 339 332 64 64 o o 12 -9 2 -4 a2 a1
2015 01:05 337 337 349 a2y aze 332 64 64 o o 12 -9 1 -4 az aa
2015, 01110 337 336 a9 327 139 332 64 63 o o 12 -9 2 -4 az aa
2015-05-01 G:01:1% 337 336 a9 az7 339 332 64 63 o a 12 -a 2 -4 az a4
2015-05-01 0:01:20 336 336 349 327 EETY 332 64 64 o o 12 a 2 4 a2 aa
2015-05-01 0:01:25 337 336 149 327 EEL 332 64 63 o a 12 a 2 4 az aa
2015-05-01 ©:01:30 337 336 349 327 339 33z 64 63 o o 12 a 2 4 az aa
2015.05-01 0:01:35 336 336 3a9 327 339 332 64 64 o o 12 -9 2 -a az aa
2015-05-01 0:01:40 336 336 3a9 327 330 332 64 64 o o 12 -9 2 - az aa

Fig.4.1 Data flow through each equipment
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42 1% &4

421 E3 g A(torque rich) A& A3}

dolej7F R H= 713F T i 71#e] 4dH o] (cylinder liner) <}
% (piston ring)o] &4EH = AHEIZE AAT o] & AFLE I FEA
1RARE FYSH|E A Bxe Adue] sxdo] IAsIAE AlH,
bl

S FAol Bad Al ool 37l oF uARIErIR el
S

H
>

Fkﬂ
> 1o
op T %

9

o

Wahs Zo|th Table 425 AT WAl F Aulld £ FAR

fr
K

Table 4.2 Accident report of the vessel

1. To meet voyage schedule, M/E was operated at overload in the

North Pacific in bad weather conditions.

2. When checking piston ring & cylinder liner, We found out No.4,5
Cylinder piston ring peeling and blow-by phenomenon at Seattle, U.S.
,2015.12.14. However we just increase cylinder oil feed rate without

maintaining due to short port time.

3. We found out broken No.5 Piston ring checking at Tokyo, Japan,
2015.12.28.

4. The limit of cylinder liner measuring is reached at Busan, Korea,
2015.12.31.

5. Renewing No.5 Cylinder liner was scheduled, the result of measuring
of No.4 Cylinder liner is worse than No.5 Cylinder, Second calling
Busan, Korea, 2016.01.07. Therefore we exchanged not No.5 Cylinder
liner but No. 4 Cylinder liner and carried out removing weared
ridge for No.5 Cylinder.

6. We finally exchanged No.5 Cylinder piston ring and cylinder liner at
Kwangyang, Korea, 2015.02.12.
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Fig.4.2 Daily torque rich of ship management program
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Nn:

1
(( Current Power )>< 106)3)+3

Nominal Power

Torque rich(TR) : N - Nn < -3

[e=]

-
Freted B4e va 3 Aotk #ZF £d9Y 7]FolA B Line ©]/delA
9] b

&
—{o
%
rlo
)
o>
o,
e
D:
=
2
N
o
—_
Q1
rL
Uy
N
e
—
e
™
)
(O8]
—_
e
X
)
o
gy
o
e
18
)
28
=
=4
(o)
Q.

AL AMe 20159 59 1YHE 99 1971 2] HHFHPo R 7|EAS
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Fig.4.3 Contrastive analysis of maker guideline and standard deviation 2

applied limit
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Fig.4.5 Photo of broken piston ring and damaged cylinder liner
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Fig.4.7 Time series analysis for broken piston ring
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Fig.4.8 Contrastive analysis of exhaust gas temperature and RPM
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Fig.4.9 Time series analysis for damaged fuel injection and exhaust valve
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Fig.4.10 Contrastive analysis of temperature for main bearing and thrust pad
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Fig.4.11 Time series analysis for damaged main bearing
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Fig4.13 Contrastive analysis of temperature for piston cooling oil and main bearing
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Fig.4.14 Time series analysis for degradation of piston ring
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Fig.4.15 Degradation of piston ring for 5 months
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