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A study of the analysis of shaft alignment considering hull deflections

for 50,000 DWT oil/chemical tankers
Jae-Ung Lee'
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Abstract: The shaft system of a vessel becomes stiffer because of larger engine power, whereas the hull structure becomes
more flexible because of scantling optimization conducted by using high-tensile thick steel plates. The draught-dependent de-
formation of the hull affects each bearing offset and reaction force comprising the subsequent shaft system. This is the reason
that more sophisticated shaft alignments are required. In this study, an FE analysis performed under the expected operating con-
ditions of two (2) vessels, as maximum draught change and to analyze the shaft alignment using the relative bearing offset
change, which was derived from an FE analysis of the 50,000 DWT oil/chemical tanker, which has become an eco-friendly
vessel in recent years. Based on this, the influence of the hull deflection on the bearing offset was reviewed against results for
shaft alignment conditions.
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Table 1: Principle dimension of the ship Figure 3: FE model of 50,000 DWT oil/chemical tanker
Length O.A [m] 183.1 .
Length B.P [m] 174.0 Table 3: Material property of FE model
Breadth MLD [m] 322 Items . Steel
Depth MLD [m] 191 . Mild HT32 HT36
Draft design MLD [m] 11.0 Mass density, p 76,982 | 76,982 | 76982
Draft scantling MLD [m] 13.2 Elasti([:N éln;gluﬂus E
’ 206,000 | 206,000 | 206,000
[MPa]
Table 2: Specification of shafting system Miniri(l),llrsr?();lper?it;'?e’ dyyiel d 03 03 03
Vessel type 50k DWT oil/chemical tanker stress, o 235 235 235
Type: MAN B&W 6G50ME-B [MPa]
Main engine MCR: 7,700 kW X 93.4 rpm Material factor, f, 1.00 1.28 1.39

NCR: 5,344 kW x 82.7 rpm

4 blade fixed pitch

Diameter: 6,600 mm

Propeller Material: Ni-Al-Bronze
Mass: 18,200 kg
Cap & nut mass: 1,538 kg
Flywheel Mass: 11,207 kg
]
o == ¢
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Figure 1: General arrangement of the ship

Figure 2: Sﬁaftiﬁg aﬂ:clngement of the ship
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Figure 4: FE model of the main engine

192



5YF DIT A3t Al 5wl AANES neld A5 gdai AT

stz A A< (Loading manual)ol]l whz} = oj
5 Wsks 1ejsto] Table 49t Zo] U ¥-o35}3)
5

L.

% Figure 67 ko] A o] o)ahel] s =

5ol whE A5GS, 4 93 dPel telAE BE

(Cargo oil) 2 3 4>(Ballast water)oll tgt H3}5S 4

Sskalt.

3 M A AR

3le] Figure 73} o] 31=%

2 AWY oS

Table 4: Draught and tank loading condition

Al W@l G

Tank Light load Full load
Cargo oil tank(Port) 0% 100%
Cargo oil o )
tank(ST’BD) 0% 100% -
C tank lop tank .-
argo ta S?Il’)ort) 0% 100% H
1 nk
S(SO%’,];)) 0% 100% .
Ball nk

e Z‘;L;‘;' 100% 0%
Ballast tank
Ballast tank 100% 0% -

(ST’BD) ’ 0 s e

Draught [m] 7.05 13.21 Figure 6: External and internal pressure in full load con-

dition
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Figure 5: External and internal pressure in light load con- Th= A ()7 o] wolw
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Figure 8: Shaft alignment model

Table 5: External vertical loads and density

Description Load [N] [11316/:218113] Remark
Bonnet 8,813 66,930 In water
Propeller 150,122 66,930 In water
Flywheel 109,940 76,982 In air

Chain force -99,900 76,982 In air

Crank throw 125,000 -
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Figure 9: Definition of relative slope

Table 6: Criteria for shaft alignment

Max. permissible | Min. permissible

value value

ASTB 368.0 [kN] -

1B 160.2 [kN] -
MBS 336.0 [kN] 0 [kN]
MB7 336.0 [kN] 17.0 [kN]
MB6 336.0 [kN] 17.0 [kN]
Relative slope 0.3 [mrad] 0 [mrad]
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Figure 10: Hull deflection in the light load condition
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Figure 12: Hull deflection in the light load condition
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Figure 13: Hull deflection in the full load condition
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Figure 14: Modelling range of FE and shaft alignment

Table 7: Corrected bearing position on the shaft alignment
model corresponding FE model

Bearing 1;;(;12 z;zpiﬂgr From the A.P

ASTB 2.192 5.410
1B 7.782 11.000
MBS 15.027 18.245
MB7 15.795 19.013
MB6 16.689 19.907
MBS 17.583 20.801
MB4 18.477 21.695
MB3 19.371 22.589
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Figure 15: Coordinate system
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Figure 16: Calculated hull deflection at light load condition
and the reference line before rotation
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Figure 17: Calculated hull deflection at full load condition
and the reference line before rotation
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Table 8: Bearing offsets derived from the effect of hull deflection

Bearing Design Light load Full load
[mm] [mm] [mm]
ASTB 0.000 0.000 0.000
1B -0.900 -1.129 -1.843
MBS -4.700 -6.141 -12.886
MB7 -4.700 -6.329 -14.114
MB6 -4.700 -6.569 -15.636
MB5 -4.700 -6.817 -17.200
MB4 -4.700 -7.067 -18.775
MB3 -4.700 -7.327 -20.367
Shatt Length [m]
b P R e " S PR
H - ——
= s ™
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Figure 18: Draught dependent relative shaft deflection curves
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Table 9: Bearing offsets derived from the effect of hull deflection

Beari Design Light load Full load
canng [mm] [mm] [mm]
ASTB 248.233 255.239 246.847

1B 76.266 73.870 79.104
MB8 77.292 80.317 130.998
MB7 69.475 79.528 69.590
MB6 128.224 115.512 75.324
MBS 117.890 115.748 119.213
MB4 150.215 155.797 156.333
MB3 42.673 39.873 38.476
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Figure 19: Draught dependent load variation of each bearing

ok, Fr|dEolgol A AdbAdet AS5Aate] HArt
Uehs @4l digte]  dlold  wkE JIFAFRIN;
Reaction Influence Number) 343 7= 1gd dQo7) 9le
gl MBS, MB7, MB6 Hlo|@e] FFAT= 47 1,360
kN/mm, 4,360 kN/mm, 3,430 kKN'mm=Z4 uf$- & k8 714
= A G T Uk o71A Hlo]F vk JFAFE ZF H)|
ojg el AAH AA7F FY FHH el 9L
A AES @9 i=0)(BA | mm)THE A B A AS
o vehts ohe wle]P o] whe stk wiit) o) F
B 50 A4 B Hol” 3ke] Aol fjsi A E =, H
o FIFATIE AeTF AAAF w2 wiEwsi) 2
AL 25 AR e vkEwskyl A whebs Figure
203} o] dol® shte] Wl FAS Imm A S o
F713 wlol® A WEo] mxE GEFe] Aoy, T
Euoly Bk vilg- 2 3S & Ak ol wARE &
Al Rstol iz =713 wo] g o] ko] ul-- RizkshA| Sl

A o) tEo] o2 FAle] WEe #
o] E(bed plate)®] X(sag) 3182k, F7]3 HloH
Zke] B-gAA}, AA o] AAE AR o BAAA
HAE A5 oo Az 3444 5 £ 2AE
+ &’ (margin of error) &2 Ft &
A7} FAEA RES AR o7k T,

i
e
put

fo rfr ﬁ o IH rlr

Okoigmi*o{}lé_,ﬂ

5000
—— ASTH ——IB
4000

—— MBS ——MB7
__ 3000 - MB6 ~ MBS
B
B i ~—MB4 MB3
£ >
£
f 1000
§ o ———e
- o s
& -1000
é; 2000

-3000

Distance from propeller shaft end [m]

Figure 20: Vertical offset dependent Reaction Influence
Number (RIN) when bearing moved by Imm respectively

196



5% DNT A -8h3tAlF&ikd o] AR S wejdh 2054 Zdaiy A

3 700 A Table 10014 A7) W< wed g A4
Azke Akl enieid. e A3 A

Table 10: Draught dependent relative slope

Design | Light load | Full load
Shaft Aft 1 131 0126 | -0.114
. edge
deflection Fwd
[mm] e | 0:280 0.262 0.227
Shaft slope 0.447 0.423 0.383
[mrad]

Bearing slope 0.300 0.300 0.300
[mrad] ) ) )
Relative slope 0.147 0.123 0.083
[mrad] ) ) )
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