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Root cause analysis of the abnormeal wear on diesel engine crankpin and lubricant
contamination

Jeongwoo Seo™- Donghee Park!
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Abstract: In the circumstance that high oil price state is continued over the world, the investment in crude
oil development by oil major is a trend of increasing. Recently the number of delivered drill-ship for 5 years
has been sharply increased all over the world and about twice than that of past 30 years. As addition to the
increase of the drill-ship demand, the operation of drill-ships which is delivered recently is about 3,000 me-
ters, ultra deep sea, on average and the work area is expending. Accordingly the drilling system including the
size and length of pipe for drilling has been bigger and bigger and the power supply equipment for operation
system also has large capacity.

Unlike merchant vessel, high power and high voltage of diesel generators are required for drill-ship for
which the demand for V-type 320 bore of diesel generator has increased. It is on the raised that the im-
portance of lubrication oil cleaning for diesel generator on drill-ship which has longer time for construction,
and also long term low load operation is unavoidable during commissioning of equipments. Recently it was
reported that engine crankpin was damaged due to the hard contact caused by the abnormal wear down(Cam
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wear) on crankpin and bearing. The same pattern of wear down was found through the inspection on series

vessels and the other vessel under commissioning.

The purpose of this paper is to analyze of the wear mechanism based on the observation and theories and

objective research from actual cases and to prepare the counter measures to avoid foreseeable damage when

the lubricating oil is not properly cleaned.

Keywords: Crankpin, Cam Wear, Purification, Contamination, Low load operation.
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Figure 2: Cam (ridge) wear phenomenon and typi-
cal position

Ra 0.4 1]
TwoR ZETF Folxl difo] AAHQT A=)
A7 o] gk o] dmiE = 2

2 7% vlE(Cam Wear)[2]2tar st} thgt

7 vlwel AS A 4/ &4 A

Figure 3, 4% #4557 7](Formcoden & ©]-8-5+
Hlo g} i s o] wojg o] whidd
AZE Anolth AR wojPgde AF A

& ko
ol i
o
td
e
N
oX Mo

>
!

i
o

Lo

=
rlr
r (
o
o
ae)
(-
il
30 o
s &
o
4
B3
2
o
i
1o
ol
o

Figure 4: Measurement result of lower bearing shells
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Figure 5: Microsection of damaged lower bearing shell
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Figure 6: Microsection of damaged upper bearing shell
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Figure 9: Soot concentration in sump tank according
to continuous purification system running or not
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Figure 10: Abrasive wear [3]
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ASPERITY CONTACT

LUBRICANT

FILM THICKNESS = 0.001 TO 0.05 MICRONS

Figure 14: Boundary Lubrication [3]
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Table 1: Diesel engine component oil film thickness [3] |2 02 %8 24 A5 Edi7h A
& Qe shgol asll v @ Aeg 245
- . BH kv B_x) 2] 3 hva
Component Oil film thickness (um) ETHE]. Rk obet 9 -2t wleld g 2
_ _ CIEEE R S E)
Ring-to-cylinder 3.0~7.0 o83t dlxlupre] g HAAS Gulsis o2
Rod bearing 0.5~20 AL FYAEE v 7R T 5 itk A
A, AR AR A FUEE 018 Soltkh bl
Main shaft bearing 0.8~50 _ : :THU - N f’_
o) AR B4 olBUE AR Mg
Turbo-charger 0.5~20 sl (silica sand, Al-oxide)S %1t oluja} H 7}
bearing Ex golE 4= 9lt) o]#d o] BEAEL w9k 112
Piston-pin bush 0.5~15 A2 e FAL 2] AASA R s A
E 2= o) = H H (SH) =i RS 2=
Valve train 0~1.0 Ad & hEA, FENH FYHE ol2dE
olck. o|RERE FYSE oBA F /Y U
Gearing s 9l o4& sootsh Eoltk A, WA ¥
i olEd stk UM AAEE oled2 <k
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Table 2: Predominant impurities in diesel engine Oil [4]
Type Primary Sources Major Problems
Abrasion
Metallic Particles Component Wear Surface roughening leading to Adhesion
Catalysis of Lubricant Breakdown
Metal Oxid Component Wear Abrasion
etal Oxides
Oxidation of metallic particles Surface roughening leading to Adhesion
Minerals Induction Ai Abrasion
nduction Air
(i.e. silica sand) Surface roughening leading to Adhesion
Exhaust Gases Combustion Blowby Acids promoting Lubricant Breakdown
Interfere with additives
. Abrasive Wear
Soot Combustion Blowby .
Heavy deposits
Oil thickening / gellation
Wt Combustion Blowby Metal Corrosion
er
Coolant Leaks Promotes Lubricant Breakdown
Glycol Coolant Leaks Lubricant Breakdown
Fuel Blowby-Rich Mixture Lubricant Breakdown
Acid Combustion Blowby Metal Corrosion
cids . .
Lubricant Breakdown Autocatalysis of Lubricant Breakdown
Gautd A yol g a3 A Al 389 Al 7%(2014. 9) 861
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Figure 18: Hardness vs. Wear rate from damaged
vessel
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Table 3: Embedded particles on the bearing shell
Founding Particles
Al-oxides Fe-metals Etc.
Sampl
Hull | Runnin P Number
e Area of Remark
No. g Hr (mm?) . Size of Number | Size of Number | Size of
Particles . . .
. particles of particle of particle
(with i i
(um) Particles S Particles s
metal
chips)
9.9~45.8
bout 137 EA Elongated
N e X T (aver27. | 20 EA | 27547 | 5EA | 16~102 gatec
1,000 (133 EA) 1) Metal chip
11.8~40.
Elongated
B | WU g | SBEA 4 25 EA | 38-445 | 8 EA | 16-158 gate
500 (74 EA) (aver.24. Metal ch|p
8)
~ Metal chi
about 129 a | 907399 ol enip
C 1,660 (aver.25. 11 EA 16~49 29 EA 10~27 is not
5,000 (10 EA)
2) elongated
~ Metal chi
about 45 EA 11.6~60. - p
D 583 2 32 EA 12~92 66 EA 7~51 is not
800 (0 EA)
(aver.31) elongated
5.65-38. Metal chip
about 139 EA 4 i
E 510 21 EA 8~129 25 EA 3~26 is not
800 (13 EA) (aver.22.
0) elongated
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Figure 20: XRD pattern of Soot (Particle of Figure 19)
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Table 4: Relation of engine wear rates and
contaminant particle size (Cummins test) (SAE
Technical Paper Series, 1988, 881827) [3]

. Component Wear Rates
Particle B Total wear
size* (mg/hr)
Main . .
(micron) . Rods | Rings [ mg/hr | Relative
bearings
0~5 11.9 144 (284 |54.7 |3.34
5~10 16.1 20.0 | 23.6 |59.7 |3.36
10~20 7.4 4.6 4.4 164 |1
0~80 8.2 5.1 145 | 28.8 | 1.76
* Fraction of AC Fine Test Dust
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Figure 21: Diesel engine life and lube oil filtration
(Automotive Filter Manufacturers Council, Oct. 1987)[3]
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