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The Effect of Stern Tube Stiffness on the Reaction
Point of After Stern Tube Bearing
for Shaft Alignment Analysis of Vessel

Lee, Chang Hoon

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Prior to shaft alignment, all the shaft were set in a line to keep flange coupling
from misalignment and paralled to each other. However, several noticeable
problems such as abnormal wear of bearing, no load on intermediate shaft
bearing, excessive heat in the bearing, abnormal on reduction gear, and
damage in the bearing has occurred. To solve these problems theories on
optimal positioning of shaft bearings were developed and applied to general
ships. From 1960s to 1970s companies like large shipyards and classification
society started to show promising improvements on solving many of the
problems. Recently, there are increasing reports on the after stern tube bearings
for the engine of heavy 2-stroke ships being damaged due to incorrect wrong

shaft alignment. Most shaft damages are caused due to insufficient analysis,

- Vil -



design change of the ship in the design process, lake of shaft alignment
experiences, and undefined analytical standards. To prevent furthermore
damages, the classification societies have issued separate regulations for shaft
alignment.

Currently shaft alignment is done by simple technical study or hypothesis to
find the position of the reaction point. However, reaction point is dependent on
many factors such as external force, elasticity of the shaft, lubrication, and
pressure distribution. Due to these factors, predicting the reaction point
becomes very complicated.

In addition when calculating the reaction force on after stern tube bearing, the
classification society’s recommendation is to use 1/3 and 1/2 position of
bearing diameter from end of bearing for static condition. However, this
recommendation was established a long time ago, and due to current
implementation of EEDI (Energy Efficient Design Index), ships are required to
use heavier propellers. Thus, investigation for new calculation method is on
demand. The objective of this paper is to check and calculate a suitable reaction
point in the after stern tube bearing considering the stiffness of bearing

supporter, oil film and bearing.

KEY WORDS : After Stern Tube Bearing Aluv]® 33 wo]g); Shaft Alignment =

A% &; Reaction point W& x|z 4;
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Fig. 3.1 Bearing supporting at point X

Fig. 3.2 Equivalent share on bearing supporting point
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3.2 AA Wy ARAH 34

7] AAEJE FABE HolHE 7IvteZ vy ks AL @k vl asho

B3 o) F G Wgor A shuA sgom, wola AAH X9 7

:\2

< Hstd AR s g AEL Table 313 2o} 5719 AAE e
2 AAS % olf= F3 FA19 EA< engine, shaft ¥ bearing®] 27
2 ZoJ, propeller, tuning wheel, chain force ¥ moving mass®] 3}%, bearing
ol e TolA A7l BvE =4S JHAI doen ol ol wet Mdrd
TR wo"d A YA @8t d F doe HE dFd FA o) H 3
olf= WAAM, AHIUA, F2A, 3strtdA o] gt ATl sl
ATz skt

Table 3.1 Type of vessel on calculated bearing reaction force analysis

Vessel type
56,000 DWT bulk carrier
950 TEU container carrier
300,000 DWT oil tanker
46,000 DWT chemical tanker
320,000 DWT oil tanker

Q| x| W I DN
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Fig. 3.5914= AXH e AAE Yetdl= ZH2=HR 7] AAA gl Hlof

2
A7) 12, YWHOR AGHE G WP HPe 13, A4
oz W AAH A% x| A4E VERAch

o,
OH“
12

17179
6630 (Propeller Shaft) 5990 (Intermediate Shaft) 4559 (Crankshaft)
1920 3135 4275 3694 681850 850 850 850
o a a _|:' ﬂmit&. No.3 MNo.d MNo5 No.&
After Stern Tube Forward Stern Tube Intermediate Shaft Bearing No. \3_235\?[‘;;g;[?r'in._-ﬁs:{imge;ﬂ;;;
Bearing Bearing BearingBearing

Fig. 3.3 Shaft alignment system on 56,000 DWT bulk carrier

Table 3.2 Shaft specifications of 56,000 DWT bulk carrier

Vessel type 56,000 DWT bulk carrier

Main engine B&W 6S50MC, MCR 9,876 kW at 127 rpm
Crankshaft Dia. (OD/ID) | 600 [mm] / 85[mm]

Intermediate shaft Dia. 400 [mm]

Propeller shaft Dia. 480 [mm]

Propeller 4 blade fixed pitch, Dia. 6,050 [mm]
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Table 3.3 External force condition on 56,000 DWT bulk carrier

Name Distance [m] External force [kN]
Cap&Nut 0.155 3.95
Propeller 0.829 152.81

Turning wheel 12.737 44.53
Chain force 13.384 -79.18
Moving mass 14.204 91.50
Moving mass 15.054 91.50
Moving mass 15.904 91.50
Moving mass 16.754 91.50

Bearing load [kN]

oy
[
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8

[vs)
o

[=1]
(=]

£
o

(]
o

o

Aft1/10 I
Aft.2/10 I
Aft.3/10 I

Aft4/10 1IN

Aft.5(10 W

Aft.6/10

Aft.7/10

i |

° 2 2 &
s 5 o 2
£ %5 2 2
Supporting point

Int. Brg.

M/E Brg.#1 1l

M/E Brg.#2 NN

MIE Brg #3 I
M/E Brg.#4 IN———
M/E Brg.#5 N

M/E Brg.#6 I

Fig. 3.4 Vertical bearing load on 56,000 DWT bulk carrier [kN]
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Table 3.4 Bearing reaction point on 56,000 DWT bulk carrier

Xn (m) Fn (kN) Xn*Fn (Xn*Fn) / F total
1/10 0.050 91.8 4590 19.776
2/10 0.150 67.0 10050 43.300
3/10 0.250 44.0 11000 47.393
4/10 0.350 22.9 8015 34.533
5/10 0.450 6.4 2880 12.408
6/10 0.550 0 0 0
7/10 0.650 0 0 0
8/10 0.750 0 0 0
9/10 0.850 0 0 0
10/10 0.950 0 0 0

Fn total 232.1 Supporting point 157.4

L = 1,000
r —
2
2

D

J: 12

Fig. 3.5 Reaction point on 56,000 DWT bulk carrier
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Table 3.5 Bearing offset, reaction force for designed and modified shaft
alignment analysis (1)

, Design offset Designed Modified Deviation
Bearing reaction force | reaction force
[mm] [kN] [KN] [%]
Aft. S/T 0.000 233.1 232.1 0.4
Fwd. S/T 0.000 30.6 34.2 10.0
Int. Brg. -1.880 28.0 23.1 17.5
M/E Brg. #1 -2.770 2.1 11.3 81.4
M/E Brg. #2 -2.770 55.8 48.3 13.4
M/E Brg. #3 -2.770 93.5 92.2 1.4
M/E Brg. #4 -2.770 87.3 95.3 8.4
M/E Brg. #5 -2.770 108.5 92.6 14.7
M/E Brg. #6 -2.770 31.7 42.2 24.9
Total 670.6 671.3 0.1

Table 3.6 Recalculation of modified reaction supporting point (1)

Modified Reaction force of
Bearing . considerate Deviation [%]
reaction force [kN] supporting point [kN]

Aft. SIT 232.1 230.2 0.8
Fwd. S/T 34.2 36.2 5.5
Int. Brg. 23.1 23.0 0.4
M/E Brg. #1 113 113 0
M/E Brg. #2 48.3 48.3 0
M/E Brg. #3 92.2 92.2 0
M/E Brg. #4 95.3 95.3 0
M/E Brg. #5 92.6 92.6 0
M/E Brg. #6 42.2 42.2 0
Total 671.3 671.3 0
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9 3f
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A 9% x= Fig. 3.83 o] &<l 7153t
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A= A HA A4 diolE et & Zo]E Hlt} Table 3.109 k& Euizg}
W7 A 3 AR M gel BAE A AP HelHe ARAe s
FeTh SAY E AMute W Rxs Asdetn AL dohlle
WaAE BAZ giokn Azeta 842 dRstd

Table 311614+ Table 39914 2doixl AA XS 2 gshe] A4d e
golth B4 a4 ghw we AX WL mes] AAL B e wmshEY
Arlgk F5 wolgle] A 1N Ahol7} WASH O™, 05%2) HAE 2 7

& % 4 9tk

%
i
z

17742
5655 (Propeller shaft) 7000 (Intermediate shaft) 5087 (Crankshaft)
1858 2457 5390 4204 705 782 782 782 782
N | = _ \
After Stern Tube Forward Stern Tube Intermediate Shaft Bearing No. 1 \DZE;;f'igﬁ::?{{t@?;fiir‘.:F;Eﬂf.;;
Bearing Bearing BearingBearing ) )
Fig. 3.6 Shaft alignment system on 950 TEU container carrier
Table 3.7 Shaft specifications of 950 TEU container carrier
Vessel type 950 TEU container carrier
Main engine B&W 6546MC, MCR 7,990 kW at 129 rpm

Crankshaft Dia. (OD/ID) | 560 [mm] / 85 [mm]
Intermediate shaft Dia. 400 [mm]

Propeller shaft Dia. 460 [mm]
Propeller 4 blade fixed pitch, Dia. 5,400 [mm]
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Table 3.8 External force condition on 950 TEU container carrier

Name Distance [m] External force [kN]
Cap&Nut 0.155 5.43
Propeller 0.825 123.12

Turning wheel 13,620 25.86
Chain force 14,263 -62.29
Moving mass 15,019 77.19
Moving mass 15,801 77.19
Moving mass 16,583 77.19
Moving mass 17,365 77.19

Bearing load [kN]
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40
30
20
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Aft1/10 IR
Aft.2/10 I
Aft3/10 NN

Aft.4/10 [N
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o e 2 o k&
r® & o 2
H——E H T g
< < < £ £
Supporting point
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M/E Brg.#2. RN
1
M/E Brg.#3 I

M/EBrg.#1 W |

M/E Brg.#4 IR
M/E Brg.#5 I

M/E Brg.#6 NN

Fig. 3.7 Vertical bearing load on 950 TEU container carrier [kN]
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Table 3.9 Bearing reaction point on 950 TEU container carrier

Xn (m) Fn (kN) Xn*Fn (Xn*Fn) / F total
1/10 0.049 74.1 3630 19.010
2/10 0.147 54.5 8011 41.945
3/10 0.245 36.6 8967 46.948
4/10 0.343 20.4 6997 36.635
5/10 0.441 6.4 2822 14.777
6/10 0.539 0 0 0
7/10 0.637 0 0 0
8/10 0.735 0 0 0
9/10 0.833 0 0 0
10/10 0.931 -1 -931 -4.874

Fn total 191.0 Supporting point 154.4

L = 980

[ ]

F

=3

1

(=

UTD
*13 | 2

Fig. 3.8 Reaction point on 950 TEU container carrier
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Table 3.10 Bearing offset, reaction force for designed and modified shaft
alignment analysis (2)

, Design offset Designed Modified Deviation
Bearing reaction force | reaction force
[mm] [kN] [kN] [%]
Aft. S/T 0.000 168.6 191.0 11.7
Fwd. S/T 0.000 35.7 31.4 12.0
Int. Brg. -2.000 40.9 38.3 6.4
M/E Brg. #1 -2.830 1.2 4.8 75.0
M/E Brg. #2 -2.830 46.8 39.8 15.0
M/E Brg. #3 -2.830 79.1 81.6 3.0
M/E Brg. #4 -2.830 73.7 80.0 7.9
M/E Brg. #5 -2.830 91.7 77.9 15.0
M/E Brg. #6 -2.830 26.8 35.8 25.1
Total 564.5 580.6 2.8

Table 3.11 Recalculation of modified reaction supporting point (2)

Modified Reaction force of
Bearing . considerate Deviation [%]
reaction force [kN] | supporting point [kN]

Aft. S/T 191.0 192.0 0.5
Fwd. S/T 31.4 30.7 2.2
Int. Brg. 38.3 37.0 34
M/E Brg. #1 4.8 8.2 41.5
M/E Brg. #2 39.8 39.2 1.5
M/E Brg. #3 81.6 79.0 3.2
M/E Brg. #4 80.0 81.5 1.8
M/E Brg. #5 77.9 76.1 2.3
M/E Brg. #6 35.8 36.8 2.7
Total 580.6 580.5 0
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Fig. 3.9 Shaft alignment system on 300,000 DWT oil tanker

Table 3.12 Shaft specifications of 300,000 DWT oil tanker

Vessel type 300,000 DWT oil tanker

Main engine B&W 6S90MC, MCR 29,840 kW at 76 rpm
Crankshaft Dia. (OD/ID) | 1,044 [mm] / 150 [mm]

Intermediate shaft Dia. 725 [mm]

Propeller shaft Dia. 810 [mm]

Propeller 4 blade fixed pitch, Dia. 9,900 [mm]
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Table 3.13 External force condition on 300,000 DWT oil tanker

Name Distance [m] External Force [kN]
Cap&Nut 0.375 7.38
Propeller 1.256 613.00

Turning Wheel 20.398 179.80
Chain Force 21.523 -215.79
Moving Mass 23.054 480.40

400
350
z
< 300
e
o 250
&
£ 200
I%'QISO
@ 100
o n
< 28 2 8 8 2 8 & 2 g & o2 % & €
;aaeaaﬁaaagm@m@
=z E £ £ £ £ £ £ £ T < m @ m
4{44{444«:-&'&5&&&
Supporting point = = =

Fig. 3.10 Vertical bearing load on 300,000 DWT oil tanker [kN]

Table 3.14 Bearing reaction point on 300,000 DWT oil tanker

Xn (m) Fn (kN) Xn*Fn (Xn*Fn) / F total
1/10 0.087 305.3 26561 26.545
2/10 0.261 243.1 63449 63.411
3/10 0.435 185.5 80692 80.644
4/10 0.609 132.6 80753 80.705
5/10 0.783 84.3 66007 65.967
6/10 0.957 40.2 38471 38.448
7110 1.131 9.6 10858 10.851
8/10 1.305 0 0 0
9/10 1.479 0 0 0
10/10 1.653 0 0 0

Fn total 1,000.6 Supporting point 366.6
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L=1740

D=a810

Fig. 3.11 Reaction point on 300,000 DWT oil tanker

Table 3.15 Bearing offset, reaction force for designed and modified shaft
alignment analysis (3)

, Design offset Designed Modified Deviation
Bearing reaction force | reaction force
[mm] [kN] [KN] [%]
Aft. S/T 0.000 1090.7 1000.6 8.3
Fwd. S/T 0.000 110.5 92.1 16.7
Int. Brg. -3.040 201.4 217.7 7.5
M/E Brg. #1 -4.880 2.3 80.5 95.9
M/E Brg. #2 -4.880 539.9 378.7 29.9
M/E Brg. #3 -4.880 160.8 233.0 31.0
Total 2,105.6 2,002.6 4.9

Table 3.16 Recalculation of modified reaction supporting point (3)

Modified Reaction force of
Bearing . considerate Deviation [%]
reaction force [kN] | supporting point [kN]

Aft. S/T 1000.6 976.6 2.4
Fwd. S/T 92.1 116.3 20.8
Int. Brg. 217.7 201.6 7.4
M/E Brg. #1 80.5 126.0 36.1
M/E Brg. #2 378.7 333.8 11.9
M/E Brg. #3 233.0 241.9 3.7
Total 2,002.6 1,996.2 0.3
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Fig. 3.12 Shaft alignment system on 46,000 DWT chemical tanker

Table 3.17 Shaft specifications of 46,000 DWT chemical tanker

Vessel type

46,000 DWT chemical tanker

Main engine

B&W 6S50MC, MCR 8,683 kW at 127 rpm

Crankshaft Dia. (OD/ID)

560 [mm] / 115 [mm]

Intermediate shaft Dia.

415 [mm]

Propeller shaft Dia.

470 [mm]

Propeller

4 blade fixed pitch, Dia. 5,800 [mm]

Table 3.18 External force condition on 46,000 DWT chemical tanker

Name Distance [m] External force [kN]
Cap&Nut 0.310 2.09
Propeller 0.842 121.30

Turning wheel 14.507 17.07
Chain force 15.482 -88.80
Moving mass 16.407 86.09
Moving mass 17.297 86.09
Moving mass 18.187 86.09
Moving mass 19.077 86.09
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Fig. 3.13 Vertical bearing load on 46,000 DWT chemical tanker [kN]
Table 3.19 Bearing reaction point on 46,000 DWT chemical tanker
Xn (m) Fn (kN) Xn*Fn (Xn*Fn) / F total
1/10 45 66.8 3006 16.041
2/10 135 50.7 6844 36.524
3/10 225 35.8 8055 42.983
4/10 315 22.2 6993 37.316
5/10 405 9.9 4009 21.395
6/10 495 2 990 5.283
7/10 585 0 0 0
8/10 675 0 0 0
9/10 765 0 0 0
10/10 855 0 0 0
Fn total 187.4 Supporting point 159.54

_34_




L = 890

® 540

D

Fig. 3.14 Reaction point on 46,000 DWT chemical tanker

Table 3.20 Bearing offset, reaction force for designed and modified shaft
alignment analysis (4)

. Design offset Designed Modified Deviation
Bearing reaction force | reaction force
[mm] [kN] [KN] [%]
Aft. S/T 0.000 185.4 187.4 1.1
Fwd. S/T 0.000 39.8 37.6 5.5
Int. Brg. -2.300 43.0 45.6 5.7
M/E Brg. #1 -3.800 14.6 4.9 66.4
M/E Brg. #2 -3.800 25.3 37.8 33.1
M/E Brg. #3 -3.800 90.1 81.4 9.7
M/E Brg. #4 -3.800 82.4 90.9 9.4
M/E Brg. #5 -3.800 101.6 92.6 8.9
M/E Brg. #6 -3.800 30.17 34.3 12.0
Total 612.37 612.5 0
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Table 3.21 Recalculation of modified reaction supporting point (4)

Modified Reaction force of
Bearing , considerate Deviation [%]
reaction force [kN] | supporting point [kN]

Aft. ST 187.4 188.1 0.4
Fwd. S/T 37.6 36.9 1.9
Int. Brg. 45.6 44.6 2.2
M/E Brg. #1 4.9 7.0 30.0
M/E Brg. #2 37.8 38.5 1.8
M/E Brg. #3 81.4 79.1 2.8
M/E Brg. #4 90.9 92.1 1.3
M/E Brg. #5 92.6 90.0 2.8
M/E Brg. #6 34.3 35.9 4.5
Total 612.5 612.2 0

_36_




w
N
ol
w
[N}
s
rfm

F F=H FAY WoiE By A4

O A st Aduke] Ak ARk Table 3.22 ¢ 2t o] AdHke]
]l AZ-& MAN B&WALS] 6S90MC dlxlol™ 76 rpmell A 29,840 kW o]t} Z=
D2 A2 9.9m o, SA AA L Zol= 25159m < FxAdolth

Fig. 3.15%= o] Adte] A sidell A& FA oIt tid Advte] A= =
2AH =, FUASH A dIFom FA4HY v ZdS2 Ard &
8 AF oo g XX FHo glon, T2 e TS HojPd o=
AA T B =EdA md A W

o sl At A= 639.09kNe Z2H 315 S zte AL & 5+ ¢l
}.

Table 3.24¢} #Zo] AAAH AAE &7] fs AG.DE ol &
st S Wl Z 91X = Fig. 3.2¢F o] AuR Z9S AFowE Hei WEo
2 £A4E AARSFAT. AAA I A= 174mm HorH, s l

9 ghe obelsh Zth oju) wlold wheje] WASL RS 1-8W AN ¥

],
9% x= Fig. 3.173% o] Rz
1

Aerel 7] AAA g FAR @) WAE g8 27 wolw AL

Table 3.25¢} o] &3t} A4S FqstAT. ol FAML2 ¥y FFA 59
#e olg, HASE ge 2A20A HEI} ALz FAdT A BFT



sl 22 e AHEste] Addsdn. Ard S Aol TAs= 7] A
AX et A Al dkE gk ZF 914.3kN, 1,020kNE 7FHxom o] E9 Hiakes

10.4 %= =pol7} AA LAY
Int. Brg ¢ %< 34
o= 1 o]} 30kN =}o]
24 e
FEE Y& 4FNA 7]

Table 3.2691 41+ Table 3.24°) A

f‘ o]t+
o7} =AXA

T3k Aft. S/T, Fwd. S/T,
kel Y AL
L ol@A ghol

L BHoO
=~ T ovw 078

[e3]

210]7)
2 zrolth AA A zka urE A HL
gy Au) -?l"i— Hojg e A5 13.7kN
2 z

]_1__
=

o

25159

10318 (Intermediate Shaft)

9562 (Propeller Shaft)

4925

5247

m—

After Stern Tube
Bearing

6145 63545

| 7] !
L /_
- No.3 No.4
Forward Stern Tube 2 BearingBearing
Bearing

Fig. 3.15 Shaft alignment system on 320,000 DWT oil tanker
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Table 3.22 Shaft specifications of 320,000 DWT oil tanker

320,000 DWT oil tanker
B&W 6S90MC, MCR 29,840 kW at 76 rpm

Vessel type
Main engine

Crankshaft Dia. (OD/ID)

1,044 [mm] / 115 [mm]

Intermediate shaft Dia.

725 [mm]

Propeller shaft Dia.

810 [mm]

Propeller

4 blade fixed pitch, Dia. 9,900 [mm]
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Table 3.23 External force condition on 320,000 DWT oil tanker

Name Distance [m] External force [kN]
Cap&Nut 0.375 6.99
Propeller 1.366 639.09

Turning wheel 20.020 187.50
Chain force 21.225 -216.02
Moving mass 23.137 478.60
Moving mass 24.358 478.60

g 8 3

Bearing load [kN]
o 8 8

§U1

8

Aft 110 I
Aft210 I
Aft.3/10 --
Aft.4/10 --

Aft510

Aft.6/10 Il

Aft.7/10 W
Aft.810 |
Aft.9/10 "
Aft.10/10

Supporting point

Fwd. ST Il

Int. Brg. NN

ME Brg.#1

M/E Brg.#3 I

M/E Brg #2 [N
M/E Brg.#4 [N

Fig. 3.16 Vertical bearing load on 320,000 DWT oil tanker [kN]
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3.24 Bearing reaction point on 320,000 DWT oil tanker

Xn (m) Fn (kN) Xn*Fn (Xn*Fn) / F total
1/10 87 275.2 23942 23.473
2/10 261 224.3 58542 57.394
3/10 435 177.8 77343 75.827
4/10 609 135.6 82580 80.961
5/10 783 97.8 76577 75.076
6/10 957 64.2 61439 60.235
7/10 1131 34.7 39245 38.476
8/10 1305 10.4 13572 13.306
9/10 1479 0 0 0
10/10 1653 0 0 0

Fn total 1020.0 Supporting point 424.7

L =1,740

=]

L=e]

e

D

D) D
— = x
3| 2

Fig. 3.17 Reaction point on 320,000 DWT oil tanker
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Table 3.25 Bearing offset, reaction force for designed and modified shaft
alignment analysis (5)

, Design offset Designed Modified Deviation
Bearing reaction force | reaction force
[mm] [kN] [KN] [%]
Aft. S/T 0.000 914.3 1,020.0 10.4
Fwd. S/T 0.000 245.3 97.1 60.4
Int. Brg. -3.280 105.8 179.1 40.9
M/E Brg. #1 -4.910 200.3 118.8 40.7
M/E Brg. #2 -4.910 287.2 281.4 2.0
M/E Brg. #3 -4.910 577.1 581.3 0.7
M/E Brg. #4 -4.910 165.0 217.2 24.0
Total 2,495.0 2,494.9 0

Table 3.26 Recalculation of modified reaction supporting point (5)

Modified Reaction force of
Bearing , considerate Deviation [%]
reaction force [kN] supporting point [kN]

Aft. S/T 1,020.0 1033.7 1.3
Fwd. S/T 97.1 86.0 114
Int. Brg. 179.1 166.6 7.0
M/E Brg. #1 118.8 146.8 19.1
M/E Brg. #2 281.4 290.6 3.2
M/E Brg. #3 581.3 535.2 7.9
M/E Brg. #4 217.2 235.9 7.9
Total 2,494.9 2,494.8 0
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Fig. 4.1 Sketch of oil film bearing
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Table 4.1 Reaction force for stiffness change on 56,000 DWT bulk carrier [kN]

Stiffness of reaction point [N/m]

Reaction point | 5.0E+08 | 7.0E+08 | 9.0E+08 | 1.0E+09 | 3.0E+09 | 5.0E+09

1 39.9 44.0 47.9 49.7 75.4 91.5
2 35.9 39.0 41.7 43.0 99.3 66.8
3 32.1 34.1 35.9 36.7 44.4 44.1
4 28.6 29.6 30.4 30.8 30.7 23.2
5 25.2 25.3 25.3 25.2 18.0 6.6
6 22.0 21.3 20.5 20.1 6.4 0
7 19.0 17.5 16.1 15.3 0.4 0
8 16.2 14.1 12.0 11.0 0 0
9 13.6 10.9 8.2 6.9 0 0
10 11.2 8.0 4.8 3.3 0 0

Total 243.7 243.8 242.8 242.0 234.6 232.2

Table 4.2 Reaction point for stiffness change on 56,000 DWT bulk carrier

Stiffness [N/m] 5e8 7e8 9e8 1e9 3e9 5e9

Reaction point [mm] 392.1 | 364.4 | 337.4 | 324.3 | 197.7 | 158.1

Bearing length / Reaction point. | 1.2 1.3 1.4 1.5 2.4 3.0

500 - — - — —

450

400

350

300

250

200

150

100

50

Reaction point of stern tube bearing [mm]

]
le8 3e8 5e8 7e8 9eB le? 3e? 5ef 6Ged 7ed BeH9 De9 1lell 2elD 3elD 4el0 5el0 6el0 7el0 Bell 9el0 lell Zell

Stiffness [N/m]

Fig. 4.5 Reaction point for stiffness change on 56,000 DWT bulk carrier
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Table 4.3 Reaction force for stiffness change on 950 TEU container carrier [kN]

Stiffness of reaction point [N/m]

Reaction point | 5.0E+08 | 7.0E+08 | 9.0E+08 | 1.0E+09 | 3.0E+09 | 5.0E+09
1 32.9 36.1 39.1 40.5 60.9 74.1
2 29.5 31.9 34.1 35.1 48.0 54.5
3 26.4 28.0 29.3 29.9 36.2 36.6
4 23.4 24.2 24.9 25.1 25.3 20.4
5 20.6 20.8 20.7 20.7 15.5 6.4
6 18.0 17.5 16.9 16.6 6.6 0
7 15.6 14.6 13.5 12.9 1.2 0
8 13.3 11.8 10.3 9.5 0 0
9 11.2 9.4 7.4 6.5 0 0
10 9.4 7.1 4.9 3.8 0 -1

Total 200.3 201.4 201.1 200.6 193.7 191.0
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Table 4.4 Reaction point for stiffness change on 950 TEU container carrier

Stiffness [N/m] 5e8 7e8 9e8 1e9 3e9 5e9

Reaction point [mml] 384.5 | 360.7 | 337.1 | 325.6 | 200.0 | 154.4

Bearing length / Reaction point | 1.2 1.3 14 14 2.3 3.0

600

500

400

300

200

100

Reaction point of stern tube bearing [mm]

3e8 S5e8 7e8 9ed 1e9 3e9 5e9 6e9 7e9 8e9 9e9 lel0

Stiffness [N/m]

Fig. 4.6 Reaction point for stiffness change on 950 TEU container carrier

_5‘]_




Table 46914 Wl Hxel wisto] weh A Mo 91X WEHE Yepdrh
5-10°N/m & ®, Wloj® 2o 13 AAH Bope 12 AR A 7A7he AL
2 & 5 YUTh A TE EA9} Fol7t Hol: ol fi Ao ol
Fol Zol7t Atk By Wojw AAAel ¢x 1-5wolA TARD 14 FA 9}
o8 ZACIAE Wold A7 139 Aol AAHo] YAsHE WA, A H el
WOgAZA e de W dee & 4 AT ol ol AAA

o) X E 12 ol AAAAE 89lo] HE= AL % 5 Ytk
Flg 47004 7“*‘:%}011 me} ojw e e MAEAE AletnA ATk
]

A A el g ShFe] WARE AL el F + Ak

_52_



Table 4.5 Reaction force for stiffness change on 300,000 DWT oil tanker [kN]

Stiffness of reaction point [N/m]

Reaction point | 5.0E+08 | 7.0E+08 | 9.0E+08 | 1.0E+09 | 3.0E+09 | 5.0E+09

1 146.3 158.2 168.8 173.7 252.0 305.3

2 135.0 144.1 152.0 155.6 210.6 243.1

3 124.1 130.7 136.0 138.4 171.8 185.5

4 113.8 117.9 120.9 122.1 136.0 132.6

5 103.9 105.8 106.6 106.8 102.9 84.3

6 94.5 94.4 93.3 92.6 72.5 40.2

7 85.7 83.7 80.8 79.3 44.9 9.6
8 7.3 73.7 69.2 66.9 19.8 0
9 69.5 64.4 58.5 55.6 3.9 0
10 62.2 95.8 48.7 45.2 0 0

Total 1012.3 1028.7 1034.8 1036.2 1014.4 1000.6

Table 4.6 Reaction point for stiffness change on 300,000 DWT oil tanker

Stiffness [N/m] 5e8 7e8 9e8 1e9 3e9 5e9
Reaction point [mm] 737.4 | 711.1 | 684.8 | 672.1 | 460.2 | 366.6
Bearing length / Reaction point | 1.1 5l 1.2 1.2 1.8 2.2

1000

900

800

700

600

500

300

200

100

Reaction point of stern tube bearing [mm]

1]

leB 3e8 5eB 7eB Se8 le9 3e9 5e9 Ge9 Te9 Ee9 9e9 lelD 2ell 3el0 4el0 5el0 6elD 7elD £el0 9el0 lell Zell

Stiffness [N/m]

Fig. 4.7 Reaction point for stiffness change on 300,000 DWT oil tanker
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Table 4.7 Reaction force for stiffness change on 46,000 DWT chemical tanker [kN]

Stiffness of reaction point [N/m]

Reaction point | 5.0E+08 | 7.0E+08 | 9.0E+08 | 1.0E+09 | 3.0E+09 | 5.0E+09
1 30.0 32.7 35.3 36.5 54.9 66.8
2 27.3 29.3 31.2 32.0 44.4 50.7
3 24.7 26.1 S 27.8 34.6 35.8
4 22.3 23.0 23.6 23.9 25.5 22.2
5 20.0 202 | 20.2 202 | 173 9.9
6 17.9 175 | 17.0 168 | 9.8 2.0
7 15.8 15.0 14.1 13.7 3.1 0
8 14.0 12.7 114 10.8 0 0
9 12.2 10.6 9.0 8.1 0 0
10 10.6 8.7 6.7 5.8 0 0

Total 194.8 195.8 195.8 195.6 189.6 187.4
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Table 4.8 Reaction point for stiffness change on 46,000 DWT chemical tanker

Stiffness [N/m] 5e8 7e8 9e8 1e9 3e9 5e9

Reaction point [mm] 367.9 | 348.7 | 329.6 | 320.6 | 200.2 | 159.5

Bearing length / Reaction point | 1.3 1.3 1.4 1.5 2.3 2.9

500

450

400

350

300

250

200

150

100

50

Reaction point of stern tube bearing [mm]

3e8 Se8 7e8 9el 1e9 3e9 5e9 6e9 7e9 8e9 9e9 1el0 2e10

Stiffness [N/m]

Fig. 4.8 Reaction point for stiffness change on 46,000 DWT chemical tanker
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Table 4.9 Reaction force for stiffness change on 320,000 DWT oil tanker [kN]

Stiffness of reaction point [N/m]

Reaction point | 5.0E+08 | 7.0E+08 | 9.0E+08 | 1.0E+09 | 3.0E+09 | 5.0E+09
1 141.7 152.0 160.8 164.8 228.7 275.2
2 131.5 139.6 146.1 149.1 194.0 224.3
3 121.8 127.7 132.3 134.3 161.8 177.8
4 112.6 116.5 119.2 120.3 132.4 135.6
5 103.8 106.0 107.0 107.3 105.5 97.8
6 95.5 96.1 95.7 95.3 81.4 64.2
7 87.6 86.9 85.2 84.1 59.9 34.7
8 80.3 78.4 75.5 74.0 40.9 10.4
9 73.5 70.5 66.8 64.7 24.3 0
10 67.1 63.4 58.8 56.4 10.1 0
Total 1015.4 1037.1 1047.4 1050.3 1039.0 1020.0

Table 4.10 Reaction point for stiffness change on 320,000 DWT oil tanker

Stiffness [N/m] 5e8 7e8 9e8 1e9 3e9 5e9
Reaction point [mm] 752.8 | 733.6 | 714.6 | 705.3 | 534.9 | 424.7
Bearing length / Reaction point | 1.1 1.1 1.1 1.1 1.5 1.9
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Fig. 4.9 Reaction point for stiffness change on 320,000 DWT oil tanker
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