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A study on hull deflections affecting the propulsion shafting alignment

of a 300,000 DWT crude oil tanker
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Abstract: Hull deflections are one of the primary causes of shafting bearing damage. Consequently, stakeholders require a com-
prehensive shafting alignment analysis that takes hull deflections into consideration. Furthermore, prevalent related criteria and
rules are being strengthened. In this study, to meet the requirements of stakeholders, global structural analysis was conducted
for a 300,000 DWT crude oil tanker by incorporating the finite element method according to the variations in the ship’s draft.
Shafting alignment analysis was conducted based on the shafting displacement obtained from the global structural analysis per-
formed for five conditions related to the variations in the ship’s draft. Measurements were then accordingly conducted on the
vessel by employing the jack-up method, and the measured results were subsequently compared with the analysis results for re-
viewing the stability of propulsion shafting bearing.
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Figure 1: Data for shaft alignment [11][12]
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Figure 2: Propeller submerged condition [15]
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Table 1: Acceptable bearing load by MAN B&W [11]

Aftmost engine
bearing
(Journal bearing)

Main bearings
*1

Engine type

Max. Min. '
reaction | reaction Max. reaction
kN
[kN] [kN] [kN]
6S90MC-C 940 48 940

*1 : Min. reaction for aftmost engine bearing is zero
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Figure 4: Compensate bedplate by thermal expansion [15]
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Table 2: Material preperties of shaft

Condition E-MOD | G-MOD | Poisson’s | Density
[N/m?] [N/m?] number | [N/mm?]
Air 2.10E+11 | 8.10E+10 0.3 76,981
Sea water || 2.10E+11 | 8.10E+10 0.3 66,929
Lub. oil | 2.10E+11 | 8.10E+10 0.3 68,646
Weight ) 1 0g 111 | 8108410 | 0.3 0
less

3.1 =R EAHX=

2 ATl g dur 2 F2R5A9 Fo A A8E
Table 39 YEIA 1 Figure 5= L)X = Figure 6
A A =E HeER AT

Table 3: Main characteristics for vessel

Length O.A [m] 332
Length B.P [m] 320
Vessel Breadth MLD [m] 58
Depth MDL [m] 31
Draft design MLD [m] 20.8
Draft scantling MLD [m] | 22.465
Type 6S90MC-C
MCR (kW x rpm) 29,400 x 76.0
Engine NCR (kW x rpm) 26,460 x 73.4
Mass [ton] 1,093
COG from AP [m] 30.46
Shaft Propeller. shaft dia. .[Qi] 810
Intermediate shaft dia. [e¢] | 725
Type Fixed pitch
Diameter [m] 3.9
Propeller | No. of blade 4
Mass in air [ton] 72.256
COG from AP [m] 5.644

Figure S: General arrangement of the ship
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Figure 8: Boundary condition
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Table 4: Loading conditions

. Displace-| -\ o jraft | Fwd draft
No. Description ment [m] [m]
[ton]
stl Alignment | oo 0 | 4118 3.525
condition
Normal ballast
St2 | arrival AP tank |148734.1| 11.366 9.299
full
SB3 |Hyd. test AP tank| | 000 41 12 046 8.949
empty
st | Dosign draft AP0 00021 20,824 20.824
tank full
Homo. scantling
St5 | draft load 40% |349049.6| 22.477 22.492
bunk AP empty

3.5 oA

3.5.1 ZHHRl(absolute hull displacement)
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Figure 9: Hull deformation at quay condition (Stl)

Figure 10: Hull deformation at full load condition (St5)

3.5.2 &HCHHR(relative hull displacement)
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Figure 12: Bearing reaction in alignment condition
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Table 5: Comparison of calculated and measured data in
alignment condition

. Position Reaction [kN] Permissible
Bearing [m] FkN] _
Calculated | Measured | Maxi. | Mini.
Aft S/IT 6.93 1047 - 1109
Fwd S/T 12.555 69 89 239 0
Inter. shaft 18.7 271 279 337
M/E No.8 | 25.043 28 44 958 48
M/E No.7 | 26.343 343 294 958 48
M/E No.6 | 27.945 525 488 958 48
M/E No.5 | 29.547 534 - 958 48
M/E No.4 | 31.149 451 - 958 48
M/E No.3 | 32.751 476 - 958 48
M/E No.2 | 34.353 398 - 958 48
M/E No.1 | 35.955 532 - 958 48
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Table 6: Comparison of calculated and measured data in
ballast condition

| Position|  Reaction [kN] | cTmSSPle

Bearing (] .[kN] _

Calculated| Measured | Maxi. | Mini.
Aft S/T 6.93 952 - 1109 0

Fwd S/T 12.555 115 1420 239

Inter. shaft 18.7 209 224 337 0
M/E No.8 | 25.043 235 245 958 48
M/E No.7 | 26.343 201 128 958 48
M/E No.6 | 27.945 497 448 958 48
M/E No.5| 29.547 542, - 958 48
M/E No.4| 31.149 45 - 958 48
M/E No.3| 32.751 475 - 958 48
M/E No.2 | 34.353 399 - 958 48
M/E No.1 35.955 532 - 958 48
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