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Abstract This study examined the integrity of diesel engines for underwater vessels through failure
analysis, analyzed the causes of abnormal diesel engine stoppage during building and examined the
integrity of secondary damages. The diesel engine stoppage was analyzed by checking the temperature
change of the piston before and after the abnormality and checking the damage. In addition, in order
to analyze the secondary damage caused by the explosion, the tensile and compressive stresses
transmitted to the crankshaft, the core part of the diesel engine, were calculated, and the stress
distribution was examined through finite element analysis, but the crankshaft was designed by safety. It
was confirmed that there was no damage to the crankcase even when the diesel engine was taken out
of the ship and closely inspected. The integrity of the crank shaft was verified in advance for the
occurrence of diesel engine emergency shutdown accidents through this research result. Therefore, the
inspection and restoration were carried out to the minimum extent, and the quality of diesel engines was
secured. This study is expected to be used as a reference for ensuring soundness in any future review

of diesel engine quality problems.
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Fig. 1. The MTU V16 diesel engine shape

Fig. 2. The crankcase of diesel engine
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Fig. 3. The separation of crown and skirt
(a) Figure of piston (b) Schematic of cylinder failure

AFT

Fig. 4. The location of cylinder failure
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Fig. 5. The schematic of lubrication oil supply

: flow direction of air supply

Fig. 6. The identification of lubrication oil in
cylinder
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Fig. 7. The inflow path of lubrication oil in
cylinder
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Fig. 9. The modeling result of crankshaft

Table 1. Material properties of crank shaft

Tensile Yield Bending
Material Strength Strength Strength
(MPa) (MPa) (MPa)
34CrNiMo6 980 830 633
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connecting rod

Fig. 10. The most weak part in the event of tensile
strength

Table 2. The case studies of crank shaft damage

Case Estimated Scenario

Damage due to crankshaft tensile load transfer

Case 1 N . .
as cylinder explosion pressure increase.
Case 2 Damage due to crankshaft bending load transfer
as cylinder explosion pressure increase.
It occurs due to the difference in thermal
expansion according to the increase in cylinder
Case 3 |temperature. Damage due to crankshaft

tension/bending load transfer as piston crown
sticking.
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Strength Calculation
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Finite Element Analysis
(Maximum Stress)
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rankshaft Integnity Visual Confirmation

(Endoscope)

Expert Review
(DTAQ, DSME)

Fig. 11. The procedure chart for crankshaft
soundness evaluation
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Where, Mmax denotes bending moment, Z denotes

@

Oy

section modulus, b denotes width of web, h?

denotes thickness of web

My =R, <L 3
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Where, Mmax denotes bending moment, Ra

denotes reaction force, L denotes distance from

Ra to web center

F,

max X lB

@)

R, =

(4+B)
Where, Ra denotes reaction force, Iz denotes
distance from point of maximum stress to Rg

center, la+p denotes distance from Ra center to

R center
12960.09kNmm X
0, = — 20BN O 310 03 N mn?
181.4mm x (35.0mm)
= 349.93 MPa

M =271LTEN X 47.Tmm = 12960.09kNVNmm
_ 449.03kN > 138.2mm

R 298 4mm = 2TLTRN

Table 1014 A3 i} Zo] AR 518 HT
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Fig. 12. A schematic diagram of bending load.
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Fig. 14. The modeling and stress analysis result of
crankshaft (+Z direction)
(a) The modeling of crankshaft (+Z direction)
(b) Stress analysis result of crankshaft (+Z direction)
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Fig. 15. The modeling and stress analysis result of

crankshaft (-Z direction)
(a) The modeling of crankshaft (-Z direction)
(b) Stress analysis result of crankshaft (-Z direction)
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Fig. 16. The main component condition of diesel
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(a) Scratch of the cylinder liner
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