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The Flexibility Estimation of Alignment for Propulsion
Shaft System using the Approximated Hull Deflection Curve

Jin-Suk Sun* - Yong-Jin Lee#* - Ue-Kan Kim*

Abstract : In this paper, based on the measured data of hull deflection, an approximated
hull deflection curve is drawn using reverse analyzed hull deflection data and the
estimation method for flexibility analysis of shaft alignment is proposed by use of the
approximate hull deflection curve. Generally an offset value of after stern tube bearing
is a datum point with an fore stern tube bearing however the shaft alignment has a
tendency which is able to get higher flexibility if the shafting system has the deflection
value from after stern tube bearing as reference to bottom direction according to results
of on this study. By applying this result of study, the shaft alignment for next similar
ships will be able to estimate how to follow the hull deflection and how to be influenced
by hull deflection at shaft alignment analysis state using the approximated hull

deflection curve.
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Bearing
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Table 2.1 Specifications of the propulsion shaft

vessel 390,000 DWT VLOC
ype
6S90MC-C
Diesel |MCR 40,000 BHP x 76 rpm
engine !Journal diameter : 840 mm"/150 mm®
Crankpin diameter @ 840 mm
4 blade fixed pitch
Propeller Diameter @ 9,900 mm
Mass @ 74,958 kg
Cap mass @ 820 kg
Masgs 5,230 kg
Flywheel Number of teeth @ 80

1) Out diameter 2) In diameter

Table 1o veh 4t Fig. 12 @l
o] &7 =Holrt, Fig. 2% &4 oA 249 &
3 84 Fdoln),

Fig. 1 Drawing of propulsion shaft system

Propeller Shaft

Intermediate Shaft

Crank Shaft
Fig. 2 Finite element model(FEM) grids
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Fig. 12 Approximated hull deflection curves
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'Chemical Tanker
20

105.000 DWT Product Carrier

Vessel Type
i

175,000 DWT Bulk Carrier
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Table 3 Vessel types
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Table 4 Acceptable bearing leads on MAN B&W

engine type
Aft. M/E Other engine )
bearing bearings
Engine type Max. Max. Min.
reaction | reaction | reaction
(kN) (kN (kN
S70MC~ 559 559 28
S60MC-C/ME-C 420 420 21
550MC 273 273 13
Minimum reaction for aftmost engine bearing is
Zero.
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Table 3.3 Specifications of the propulsion shaft

175,000 DWT Bulk Carrier \

B&W 6370MC, MCR 20,400
BHP

Vessel Type

Main Engine

Crankshaft
Dia.

Inter. Shaft
Dia.

Pro. Shaft
Dia.

784 am / 115 mm

Propeller

550 mm l Weight

650 mm 313 kN
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Table 5 Approximated hull deflection value

Hull deflection at BHD

0.75 1 1.25 | 1.5
-0.787 |-1.180 }~1.574 {~1.967 |~2.360
-0.552 1-0.828 {-1.104 {-1.380 | -1.656
-2.803 1-2.840 }-2,876 |-2.913 | -2.949
-4.140 |-4.140 |-4.140 |-4.140 [-4.140
-4,107 1-4.091 |~4.074 |-4.058 |-4.042
~4.085 {-4.057 {-4.030 {-4.002 |-3.975
-4.074 |-4.040 |-4.007 {-3.974 [-3.941
-4.073 |-4.040 {-4.007 |-3.974 {-3.940
-4.085 |-4.057 [-4.029 {-4.001 |-3.974
~4,107 |-4.090 {-4.073 {-4,057 |-4.040
-4.14()i—4.l40 -4, 140 -4.140 {-4.140

Design
offset 0.5

0.000

0.0060

-2.730
-4.140
-4.140
-4.140
-4.140
~4.140
-4.140
-4.140
-4.140

Bearing

Aft. S/T
Fwd. /T
Int. Bra.
M/E Brg.8
M/E Brg.7
M/E Brg.6
M/E Brg.5
M/E Brg.4
M/E Brg.3
M/E Brg.2
M/E Brg.l

206

10205 Gntermadiats Shafd 10,006 (ain Engioe M}M-"!
| ,

Fig. 3.10 Shafting system of 175,000 DWT bulk
carrier
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Table 6 Specifications of the propulsion shaft

46,000 DWT Product/Chemical
Tanker

B&W 6860MC, MCR 11.500 BHP
560 mm / 80 mm
410 mm ] Propeller Weight
470 mm | 125 kN

Vessel Type

Main Engine
Crankshaft Dia.
Shaft Dia.
Pro. Shaft Dia.

Inter.

F2%A 49 FA4 Bt 3

Table 3.6 Approximated hull deflection value

Bearing ]?)?fsgfél Hull deflection at BHD

v 0.5 ] 0.95 1 1.25 1 1.5
Aft. §/T 0.000 1-0.6821-1.022(-1.3631-1.704(-2.045
Fwd. S/T | 0.000 {-0.524(-0.786|-1.048|-1.311}-1.573
Int. Brg. | -2.020 |-2.215|-2.312|-2.410}-2.507 | -2.604
M/E Brg.8 | -3.500 {-3.5001-3.5001-3.500|-3.500 | -3.500
M/E Bre.7 | -3.500 |-3.482|-3.473|-3.464|-3.455 | -3.446
M/E Brg.6 | -3.500 |-3.468]-3.451)-3.435|-3.419|-3.403
M/E Brg.5 | -3.500 |-3.460|-3.440(-3.420|-3.400(-3.380
M/E Brg.4 | -3.500 |-8.460|-3.439|-3.4191-8,399|-3.379
M/E Brg.3 | -3.500 |-3.466|-3.449|-3.432|-3.415|-3.398
M/E Brg.2 | -3.500 {73480 -3.469-3.4591-3.449(-3.439
M/E Brg.1 | -3.500 |-3.500 *35@—3,500 -3.500-3.500

21788
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8 300 {ints ermadm!e Shcﬁ“

Shafting system of 46,000 DWT
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g 75k | Table 9 Approximated hull deflection data
k- e
§ 50} §§ Beari Design Hull deflection at BHD
ZZ“ i earing | ottset | 0.5 10.75] 1 ]1.25] 1.5
2 DRS/TFWGS/T! Brg MES MET WES MES MIES MES M/EZ WE Aft. S/T | -0.145 |-0.767{-1.078]-1.390|-1.701]-2.012
Bearing Postion Fwd. S/T | 0.000 |-0.513[-0.770]-1.027|-1.283]-1.540
Fig. 18 Comparison of analyzed bearing reaction Int. Brg. | -1.000 |-1.203]-1.305]-1.406]-1.508[-1.609
M/E Brg.9 | -1.650 |-1.650|-1.650]-1.650|-1.650]-1.650
N M/E Brg.8 | -1.650 |-1.610]-1.635{-1.630]~1 624|-1.619
u} e oulx
3.3.3 100 5ded A A M/E Brg.7 | -1.650 |-1.578|-1.622/-1.613|-1.603|-1.594
10% 53 ES Xé% SLubA o] F QAL Table M/E Bre.6 | -1.650 |-1.558|-1.614|-1.603|-1.591|-1.579
83 7rom Fig. 19%= o] Auel A2 vjedl M;E Bre.5 —].6:0 —1.55; -1.612 ~1.5§g—1.586 -1273
. N ) M/E Brg.4] -1650 |-1.557|-1.614]-1.602|-1.590(-1.578
o Fig. 202 10% 583 B+ wbdel 44 M/E Brg.3 | -1.650 |-1.575|-1.621]-1.611|-1.602]-1.592
HE ZAEAE VJERLZ glok. Table 9% ©] A M/E Bre.2 | -1.650 |-1.606]-1.6331-1.627|-1.622/-1.616
upo] AA W IAZAL o] &3] BHDE A4 M/E Bra.1| -1.650 |-1.650|-1.650{~1.650|-1.650]-1.650
WHo) BB A doln AR WL UA WMo Benr Design Hull deflection at BHD
2 gAe wAse 7o AHE 4P Aold. RS | offset 175 [ 2 [ 225 | 25
. . . Aft. S/T | -0.145 | -2.323 | -2.634 | -2.945 | -3.256
Fig. 212 Table 99 2ARE ol&dted SA B 503 5/m [ 0.000 [ -1.796 | 2.053 | -2.10 | -2.566
g A Ao A W fﬂr?— wWojg uke S|4 nt. Brg, | -1.000 | -1.711 | -1.812 | -1.914 | -2.016
Azg Jgdly Atk o] 19e HEse] Bu M/E Brg.9 | -1.650 | -1.650 | -1.650 | -1.650 | -1.650
R M/E Brg. 8 | ~1.650 | -1.614 | -1.609 | ~1.604 | ~1.599
o] Anle] A= =2 A9 —
I Adupe] SAE o Adue “‘"74“9} 29 BHD M/E Bra.7 | -1.650 | -1.585 | -1.576 | -1.566 | -1.557
AFELZ 1 5mmE ZHsdr HE wolFgd & M/E Bre6 | -1.650 | -1.567 | -1.555 | 1543 | -1.531
Zol 223V Y& & & gt o EA A 7} M/E Bre.5 | -1.650 | -1.561 | -1.548 | ~1.535 | -1.522
3 M/E Bra.4 | -1.650 | -1.566 | -1.554 | -1.542 | -1.530
A 27 l—_7«19_;<«it' AulZ 2 o P
° _Txﬂ ke A e o= dA M/E Bre.3 | -1.650 | -1.582 | -1.573 | -1.563 | ~1.553
W&ol -2 25 mmHE FE5F vebdo whe) M/E Bre.2 | ~1.650 | -1.610 | -1.605 | ~1.599 | -1.593
A 109 5RAEF A5 $wAML BHD/ZES=Z A M/E Bre.1 | -1.650 | -1.650 | -1.650 | -1.650 | -1.650
W Moe] -2, OO mm7kA &4 38 fa44E 7t
3;‘ 1— 2 O 25,905
;ﬂtl_l 07}% )sl]:}' L 4673 (Fropeter Shoft} 8144 (rimadite Spaf) 5,088 {ucin Ergine Shafd) :
109 SHEF AR ke &4 FEe A | I Iy D |
= g2 Ay A9 o2 ode] At ' A : YR
k1A L.
goll A Adrld 3 wWo)ge] $4 Fol 0mmel  gig, 19 Shafting system of 105,000 DWT product
Ak o] Mk A 9] AEE AvjF T wojgd cartier
A G)EA e AL du ol Auld 325
BHD

Table 8 Specifications of the propulsion shaft

105,000 DWT Product Carrier
B&W 7S60MC-C, MCR 21,490 BHP

Vessel Type

Main Engine

Crankshaft
Dia. 720 mm / 115 mm
Intelgiaéhaft 510 mm Propeller Weight
Pro. Shaft Dia. 760 mm 297 kN

34 / @setddxyelHes] A3 ALE, 2000, 1
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{~#~BHD 2.00mm -~ BHD 225mm,

Hull Deflection rom;
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Fig. 20 Approximated hull deflection curves
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