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A Study on the Stability Evaluation of Propulsion
Shafting System considering Hull Deflections
for a Very Large Crude Oil Carrier

Chul-0Oh, SEO

Department of Marine System Engineering
Graduate School of Korea Maritime and Ocean University

(Supervisor: Prof. Jeong-Ryul KIM)

Abstract

As hull deflections have been one of the root causes for bearing
damage of shafting system, a strengthened shafting alignment
analysis considering hull deflections has been required among the
interested parties. In recent days, the length of the vessel and
the propulsion power tend to increase due to technological
advance. The hulls have become more flexible whereas the shafts
and propeller in shafting system have become larger and stiffer.
Therefore, the shafting alignment analysis has become more
sensitive to the hull deflections. It is a very important factor
to secure the stability of shafting system against the variation
of the bearing offset derived from the hull deflections during the
life cycle of the vessel. However, due to difficulties to
considering the hull deflections, the shafting alignment analysis
turns out insufficient or incomplete, which might adversely effect

the bearing lifetime.
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This study aimed to theoretically calculate the hull deflections
and analyze the measurement data for a very large crude oil
carrier. For this, the whole vessel structural analysis of the
vessel was performed according to the draft changes of the vessel.
Based on the hull deflections obtained from the whole vessel
structural analysis, the shafting alignment was analyzed. The whole
vessel structural analysis of the vessel was carried out under five
(5) conditions according to the draft changes of the vessel, and it
was confirmed whether the propulsion shafting system satisfied the
permissible load, even under the influence of hull deflections. In
addition, the results of the theoretical calculation method and the
jack-up method were compared. The stability of the analysis was
cross validated to investigate whether the shafting is stable under

hull deflections.

This paper consists of 7 chapters.

In chapter 1, the historical background, objectives of this

research and the structure of the paper are introduced.

In chapter 2, the problem of propulsion shafting arrangement and

design criteria are reviewed.

In chapter 3, the theoretical analysis method for the shafting
alignment is explained. Several methods are introduced for the
theoretical analysis of bearing reaction but this chapter
describes the matrix finite element method, which is widely used

for complex structural analysis.

In chapter 4, the measurement method for propulsion shafting
alignment condition is introduced as follows.

(1) Displacement measurement method



(2) Reaction measurement method

In chapter 5, the whole vessel structural analysis of the
vessel using the finite element method for the very large crude
o1l carrier 1s performed. Based on this, it can consider which the
effect 1s existing on the propulsion shafting by the hull

deflections.

In chapter 6, the shafting alignment analysis is performed
depending on the displacement of the shafting obtained by the
whole vessel structural analysis carried out for five (5)
conditions considering the draft changes of the vessel. Based on
this, the measurements were carried out for five (5) bearings
using jack up method and then measured results are compared with

calculated results to review stability of shafting bearings.

In chapter 7, the achievements of this study are summarized as

follows.

(1) Hull deflections are a very important factor affecting each
bearing offset that supports the propulsion shafting system, and

1t was confirmed that it effects the shafting alignment analysis.

(2) The finite element analysis confirmed that the
transformation patterns due to the draft changes of the “hull”
from the engine room bulkhead (FR#60) to forward bulkhead (FR#110)
and the “engine room” part from the stern end where the shafting
system is installed to the engine room bulkhead showed the
opposite trend. That is, if the hull is in the hogging state, the
engine room part 1s in the sagging state, and when the hull is in
the sagging state, the engine room part 1s in the hogging state.

Under the alignment draft condition, the hull 1s transformed into
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the hogging state, and the engine room is in the sagging state,
and, under the loaded draft condition, the hull i1s in the sagging

state, and the engine room is in the hogging state.

(3) Examining the relative displacement in terms of the bearing
offset that supports the shaft by converting the amount of hull
deflections over the entire length of the vessel on the basis of
the imaginary reference line passing through the centers of two
(2) stern tube bearings, it can be seen that the intermediate
shaft bearing and the main engine bearings are placed on the
vertical line above the baseline under alignment draft condition
and ballast draft condition and on the vertical line below the

baseline under scantling draft condition.

(4) The reaction force of the shafting supporting bearing showed
a significant change from the stern tube bearing to three (3) main
engine bearings on the stern side, and the change in the reaction

force of the main engine bearing was negligibly small.

- The reaction force of the after stern tube bearing decreased
with increasing draft, while the reaction force of the forward
stern tube bearing increased.

- In particular, it was seen that the bearing reaction force
varied depending on whether the stern peak tank was loaded, even
under the same draft condition. The reaction force of the after
stern tube bearing showed a maximum value when the stern peak tank
was loaded and minimum when it was empty. For the reaction force
of the forward stern tube bearing, the minimum value was observed
when the stern peak tank was loaded, and maximum when 1t was
empty, again confirming the opposite trend.

- It was confirmed that the reaction force of the intermediate

shaft bearing is the same as that of the after stern tube bearing.
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- Reaction force change resulting from hull deflections showed
the largest value at main engine bearing No. 8 and No. 7. For main
engine bearing No. 8 and No. 6, the reaction force tended to
increase with increasing draft and for main engine bearing No. 7,
the reaction force decreased. However, it was confirmed that the
reaction force change of the main engine bearing was hardly

observed according to the stern peak tank loading state.

Under the hull deflections considering the change of the draft
condition, it was confirmed that the reaction force variation of
the shafting bearings satisfied the permissible load suggested by
the engine and the bearing manufacturer. This means that, even 1if
shafting alignment analysis is performed without considering hull
deflections, the bearing reaction force <can be within the
permissible load. However, main engine bearing No. 8 1s very
sensitive to the variation of bearing reaction force according to
the draft condition. Therefore, the reaction force of main engine
bearing No. 8 should be set approximately zero (0) during shafting
alignment analysis so that the values are within the permissible
load proposed by the engine manufacturer, even under the influence
of hull deflections.

For the very large crude oil carrier, it is necessary to perform
shafting alignment analysis considering the hull deflections as it
has long hull and draft changes that show pronounced
characteristics depending on the loading state, unlike a small or

medium sized carrier.

In addition, the hull deflections obtained in this study can
ensure the stability of shafts and prevent shafting damage from
hull deflections 1f one refers to the results during the shafting

alignment analysis of similar or identical vessels.
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Ys1,Ys2: deflection of shaft
compared with reference line

|}'5E = }..‘|) & |}-:[ = }‘;J|
L L

F aafl
e \ine shé
Cane™

S e EE 6 = tan(

0 <3x10™ rad(0.3mm/ m)

Fig. 2.2 Criterion of single bearing slope™*”

256 F5 Av|d wlo)Po] £ §)4] 7)FHME

w2go] MFRsel Aol BEw TR Au@ wol) o)F AN A8
Av T2 Adujd wojgo] ¢500mm o)Fdeld BE X 2o ZEdejs
SH Mu

S8 Mujg wojgeA fA &% (hydrodynamic lubrication)o] HES A A

g 42 a7 Utk B AT PN ANT PHOE &8 AN &

S

Fefjok slaL, 2 Aol 7hed HAAT (n)e A & =4 e &

3 (n) By vrotop & Aoz g8k Q.

F5 AES wWolPe &3 Bk AFlE A% L A%AAS FH T AR

(D A< +4 (low speed criterion)
AL JFAL dAFe Azl I3t =4 (hot condition)S 7|&o2 M, A
A 8T ng ) 3]74 (dead slow rpm)ET} vrojok
&t 4] 2D Zo] yehd = ok

rlr
o
)

O
b
b
2
I

_15_



Tin = T, stat (21)

Ny o + HOt static condition

(2 Aol A&3) K4 74 (full speed criterion)
ALS) A 74 24 &4 =4 (hot running condition)S 7|02 b,
FA &8o] Jhssital sidE HA FA AT n . )e HH AE HF
(MCR rpm)XE.t} ytolol 34, 2] (2.2)9} Zo] Yepd 4= 9ok

= max{no_dwl, m M} 2.2)
Ny, 4,m © HOt TUNNING condition 1, 15% of full torque downwards

Ny, 4yne © HOt TUNNING condition 2, 40% of full torque upwards

2
Hols grEo] Agahe HolHel £
St oPPel A HE £A% A BYAZ
Heg g3 BAAT (e ANHE
ARE Az 2 S (h)E AP Y a2 03 £ glE A
2ol HA HE F5E f% FAE oLk L/D<2& SAoId AT
W} A Wels o) thek Alekolck

fr my

i o
poss
o
|d
fr
A
o
il
e
fo
fri
of
K

_16_



3
_ B x10%h Py

n, 2.3
0 uDL, 7t
o3
p = 0w 2.5)
LD .

LeffZLKDKL[

I/I/r’nin I/Vmin
0.14+0.17 )— (0.32— 0.02 )loga} (2.6)

Lyy<1L 2.7
K, =0.53x10"°D*—1.08 10 *D+1.55 (2.8)
LY L L
=0.33|—=| —1.5|—= |+0. —<
K, =0 33(0) 1 5(D)+0 266, — < 2 2.9

T4 2 B2 96 Y 2asd vy 2o

A 8B 7PsS AA 9445 [pm]
4B 9B 5 AH IA% )

D frE WolE o [N

_’|7_



27 A AREE A 2ASe LT 2o
n AR FA A4 7Psd AA 84 pm]

np - AA D4 Ad) 84 [rpm)

¢ Wol® 2= [mm]

L WolE o] Z& tF AAlA 7k ARl tig Zo) [mm]

pocHolE 25, 40° C 7I2elM ] 872 A4 F A [t

D ol Ad %o AE [mm]

A 42§14 Az AESe B 2382 te 2 (Fg 23)
W& g B ek, W+ 1 N

W AT, Wy, w5 [N

W, Ak W, W, IN]

a 0 W, oA AR S5} wlojRelAe] AT 71e7]

Fig. 2.3 Model of a shaft resting in a single slope or no-slope bearing®’
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Fig. 3.7 Static thrust shaft load diagram for 6S90MC-C engine
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412 ol toloy (piano wire method)
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Fig. 4.2 Measurement of main engine bedplate by piano wire method™®
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Fig. 4.6 Dial gage position for jack-up of the aftmost main bearing
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Fig. 4.9 Jack-up curve for unloaded condition

Table 4.1 Recommended static main bearing loads of MDT engines [kN]

Engine Main bearing Aftmost engine bearing

type Max. reaction Min. reaction Max. reaction
S50MC-C8 291 15 291
S50ME-B9 321 16 321
S60MC-C8 420 21 420
S60ME-BS8 420 21 420
S60ME-C 420 21 420
S60ME-GI 420 21 420
G60ME-C9 438 24 438
G8OME-C9 784 39 784

Minimum reaction for aftmost engine bearing is zero.
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Table 4.2 Recommended static main bearing loads of Wirtsili engines [kN]

. Aftmost engine

Engine type bearing mbl mb2 mb3
RTA48T/T-B min. 20 70 to 170 *1)
RTA50-B/-D . N
RT-flex50/-B/-D min. 20 70 to 170 D
RTA52/U min. 20 70 to 170 *1)
RTAS8T/T-B . N
RT-flex58T-B min. 20 100 to 220 D
RT-flex60C/C-B min. 20 120 to 280 *1)
RTA62/U/U-B min. 20 120 to 280 *1)
RTA68-B/-D . N
RT-flex68-B/-D min. 30 150 to 330 1D
RTA72/U/U-B min. 30 150 to 330 *1)
RTA/RT-flex82C min. 30 220 to 470 *1)
RTA/RT-flex82T min. 10 230 to 500 *1)
RTA84T/T-B/T-D . N
RT-flex84T-D min. 10 230 to 470 D
RTA84C/C-U min. 40 220 to 500 *1)
RTA96C/C-B . N
RT-flex96C-B min. 50 250 to 550 D
*1) The calculated static load of mb3 needs to be at least 90%

of the static load which is calculated for mb2.
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A 57 AA HY s

51 F8 dAA=R

Joz she At % F7 A9 Fo HAAEE Table 513

Table 5.1 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 Xrpm] 29,400 <76.0
Engine NCR [kW Xrpm] 26,460 <73.4

Mass [ton] 1,093

COG from AP [m] 30.46

Material Forged Steel(SF590)
Shaft Propeller shaft (L [mm]><Dia. [mm]) 10,318<810

Inter. shaft (L [mm]><Dia. [mm]) 9,805x725

Type Fixed pitch

Material Ni-Al-Bronze
Propeller Diameter [m] 9.9

No. of blade 4

Mass in air [ton] 72.256

Center of gravity from AP [m] 5.644
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Fig. 5.1 Shafting Arrangement for a VLCC
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Fig. 5.4 Aftbody and engine room area

main engine and main engine foundation

]

Fig. 5.5 Shaft

_59_



Fig. 5.6 Shaft, shaft support and main engine
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513 35 =2

a5 271 Table 5.2 7o) 5714 27 thate] AAAE Fxa)lo] 24
SATE sk 24 St1e AE (k) &4 2ol o] 2HM HF AHE A
o] AL} St2= WHAE 5 (ballast draft) £om o] 2HoA AAle
o) &7 (max. hogging) AElZ WHF AT} St3= St29h AR 2o A &
et THEE WH2E T4 2P0t Stdes Al Fol FHHE A &5
(design draft) 7ol Stoe= AA SFdxHoZ Hd A7 (max. sagging) AFEl
Z WY5s ok B4 (full draft) 2Aolth 18T St29) St3e] =adk xpo]A
% shie Av) I3 B3 (aft peak tank)7F A eI ) HsiA St3 =S
Adwu] 93 |37} Blojgle dEjolth SYsHAl Stdst Sthx S Aol Qo= A
o 937 B39 AA zdo] T SHolME An| 13 837} whAel Aol
3 Sthell A e Adr] 313’37} vlofgle el ol

Table 5.2 Loading conditions

L Displacement | AFT draft FWD draft
No. Description
[ton] [m] [m]

sy | Allnment draft 42765.4 4.1 35

at quay

Ballast draft
St2 AP tank full 148734.1 11.4 9.3
St3 | Hyd. test draft

AP tank empty 150656.4 12.1 8.9

Design draft
St4 AP tank full 320739.7 20.8 20.8
S5 | Scantling draft 349049.6 225 225

AP empty
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52 3|4 A3}

5.2.1 At] #<] (absolute hull displacement)
Fig. 58 2 Fig. 5.9 oM< daxa ¥gs) 7|3 HygS Yeplidnh 44

T 24 AX A3¢l Fg. 58 oA vehd A4 §3E sfE

el
(hogging) FE= WP, 7|HA2 A (sagging FE= HEPBEH= A & +
ATE.

oflt

Fig. 5.8 Hull deformation at alignment condition (St1)

_62_



= Fig.

A F4 24 AL AHQ Fig 59004 vehd AA Wy sjdolA

m

oA A} =

%al

A7AR, FY 5 =

Fig. 5.9 Hull deformation at full load condition (St5)
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. 510 M= AA Ao WP FS do) M9 o=, Fig 5119
o Al He goe= el Fg. 510 oA ek o] A=
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24, B 2E 5 24 3 7 E 2404 24 dHE
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Mol Azt B & 5 Ak =
u

2014 A7) AR MEE

ot
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---+--- §t3 : Hydro. Test
015 si3 —s— 5t2 : Ballast
i —o—- §t1 : Alignment
: Design
: Full

Tank top displacement [m]

015 L
Position of tank top from AP [m]

Fig. 5.10 Deflection of double tank top (overall view)
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Fig. 5.11 Deflection of double tank top (aft body)
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5.2.2 At ¥9] (relative hull displacement)
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Table 532 AAdut 7= AAE AA stz 1ol wet Hol&= yet
Uit ol& HtRe R ApRelMe AAdE Fxeid 23E A AE sl

Agsto] & AT Aduke] 31 SA19] e Wtk

Table 5.3 Relative shaft deflections with respect to reference line

Bearing Stl St2 St3 St4 St5

[mm] [mm] [mm] [mm] [mm]
AFT S/T 0.00 0.00 0.00 0.00 0.00
FWD S/T 0.00 0.00 0.00 0.00 0.00
Inter. shaft 0.91 243 0.77 1.17 -0.94
M/E No.8 2.20 5.41 1.42 1.14 -3.94
M/E No.7 2.64 6.10 1.63 0.92 -4.76
M/E No.6 3.22 6.96 1.92 0.58 -5.82
M/E No.5 3.83 7.84 2.22 0.27 -6.85
M/E No.4 4.42 8.68 2.50 -0.09 -7.90
M/E No.3 5.01 9.50 2.78 -0.45 -8.95
M/E No.2 5.60 10.31 3.06 -0.84 -9.99
M/E No.l 6.18 11.10 3.32 -1.25 -11.05
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Fig. 6.4 Aft stern tube supporting position

_74_
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g AA ZFdL wlold AlFALe] Tle g el 54 wel, &8
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Oil film stiffness Bearing stiffness
1.0 % 10° < Koil < 5.0= 10’ 1.0 % 10" < KB <1.0 x 10"

Bearing foundation stiffness
1.0 10" < KP <10 x 10"
Stiff bearings are used in simplified crankshaft models
= Conservative results (no smoothening)
Typical range for bearing stiffness is (5.0 % 10° ~ 5.0 10" N/m)

Fig. 6.5 Typical bearing stiffness™*”

6.14 &= W3lo) 2 Gy

itdoz LT wWald Be d WRe F0% WolRd vl WojPels
e Agolth AR Uo] WFE AFR wolPel s £E WEE s
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_76_



& 3t dE 5o T3 A5 NA
T 25 & S5 BF A @4e 1Hste] 2k Wt mE 2A 24
& 3 Qs a7kl Stk oj9les TR HoY AA T = shiel 2=
AHE dehs WA A AAEE A9 ARl | Aol glloy, T
= AT SollM 2A Bag TS T XA Abolddl F7] A¥e Fof
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¥ Straight alignment ¥ FE model V¥ Pre-sag

Cylinder
Frame

Bedplate

P Cold condition

» Hot condition

Framebox

Bedplate

3 Cold condition : 20 C , Hot condition : 55 C

Fig. 6.6 Compensate bedplate by thermal expansion”

6.1.5 Z2H2| 5% (propeller load)

Z23 sh5- And wo)F o] Fat Aol w¢- & S vt Fig 6.7
oxet o] Z=AY stF2 HY FFoE Z=AYI}L I X vlE

_77_



weh AEEE YA LFE A

)

238 = 100% 5ol A7l dE7t
Aot a8 AY AP FPste B¢l BA 50% AE A= AHE 7
sit}, ool whel AX|o AGAFS FHelr] sk, A AE A ALt Al ==

Ao JA5FS 0%, 50% D 100% 508 AEste] zhzte] HHa)A-e Fa3ic;

P

Fig. 6.7 Propeller submerged condition®”
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Table 6.1 Shaft material data

Condition E-MOD G-MOD Poisson’s Density

[GPa] [GPa] ratio [N/m’]

Air 210 81 0.3 76,982

Sea water 210 81 0.3 66,930

Lub. oil 210 81 0.3 68,156
Weightless 210 81 0.3 0

6.1.7 €18 (external load)

re

Aol &3 982 Table 6.2 2. z=d7, 24, Zgo|d,
AA 22 T5 BT o] a5 o AeS A 2z gl A HEH

ol
TE87] $jske] ggolzta Bk

Table 6.2 External load

Description Point load [N] Remark
Propell 7,384
Topetier cap ’ 0% Immersion
dry dock diti
Propeller 613,000 (dry dock condition)
Flywheel 179,800
Chain force -215,770 According to M/E
recommendation
Moving masses 478,600
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6.1.8 #lo]¥ &8 315 (permissible bearing load)

Table 6.3 2 & A7~ Addtell H&d wlojy 2 AXAZA}E Aarshs wlod
sl8stee Uehd 2, ol A A 4 F3 A Hold sl8skEe] =

57 GEg E3) fojsof @k

Table 6.3 Permissible load for each bearing

. Max. pressure Projected area of
Bearing [MPa] bearing [mm’] Max. load [kN]
AFT S/T 0.8 1,395,260 1116
FWD S/T 0.8 300,880 240
Inter. shaft 0.8 423,810 339
Min. 0 kN
M/E No. & Max. 958 kKN
M/E No. 7 Min. 48 kN
~ No. 1 Max. 958 kN
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Table 6.4 RIN for each bearing [kN/mm]

Bearing | AFT S/T | FWD S/T |Inter. shaft M/E No. 8§ M/E No. 7M/E No. 6
AFT S/T 34 -74 53 -38 25 0
FWD S/T -74 182 -169 179 -117 0
Inter. shaft 53 -169 266 -566 417 -1
M/E No. 8 -38 179 -566 3087 -3723 1287
M/E No. 7 25 -117 417 -3723 5866 -3367
M/E No. 6 0 0 -1 1287 -3357 3683
M/E No. 5 0 0 0 -273 1077 -2320
M/E No. 4 0 0 0 58 -228 857
M/E No. 3 0 0 0 -12 48 -181
M/E No. 2 0 0 0 2 -10 37
M/E No. 1 0 0 0 0 1 -5

Bearing |[M/E No. 5M/E No. 4 M/E No. 3]M/E No. 2IM/E No. 1
AFT S/T 0 0 0 0 0
FWD S/T 0 0 0 0 0
Inter. shaft 0 0 0 0 0
M/E No. 8 -273 58 -12 2 0
M/E No. 7 1077 -228 48 -10 1
M/E No. 6 -2320 857 -181 37 -5
M/E No. § 3011 -2177 825 -167 24
M/E No. 4 2177 2979 2164 789 -114
M/E No. 3 825 -2164 2942 -1996 537
M/E No. 2 -167 789 -1996 2154 -809
M/E No. 1 24 -114 537 -809 366
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E 2000 L —#—ME No. 7
B —e—ME No. &
E i ——ME No. &
——ME No. 4
- ME No. 3
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Fig. 6.8 RIN for each bearing
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6.22 A Wyo| Hlojyg LI mA& ¥

Table 6.5 B! Fig. 6.9 A= A4 MES vEg3 oy L=zAl&

A HERA AT

Table 6.5 Bearing offset derived from the effect of hull deflections

Bearing Design [mm] Stl St2 St3 St4 St5

Cold Hot [mm] [mm] [mm] [mm] [mm]
AFT S/T 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FWD S/T 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Inter. shaft -2.50 -2.50 -1.59 -0.07 -1.73 -1.33 -3.44
M/E No. 8 -4.70 -4.31 -2.50 1.10| -2.89 -3.17 -8.25
M/E No. 7] -4.70 -4.31 -2.06 1.79| -2.68 -3.39 -9.07
M/E No. 6] -4.70 -4.31 -1.48 2.65| -2.39 -3.73 | -10.13
M/E No. 5 -4.70 -4.31 -0.87 3.53 -2.09 -4.04 | -11.16
M/E No. 4] -4.70 -4.31 -0.28 437 -1.81 -4.40 | -12.21
M/E No. 3 -4.70 -4.31 0.31 519 -1.53 -4.76 | -13.26
M/E No. 2| -4.70 -4.31 0.90 6.00| -1.25 -5.15 | -14.30
M/E No. 1 -4.70 -4.31 1.48 6.79| -0.99 -5.56 | -15.36
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6.2.3 Hlo1¥ ®H=(bearing reaction)

7} etg 29 AA ¥MEFS wge wojy wkEE Table 6.6 3 Figs. 6.10~

6.16 oIl “ERHAT

Table 6.6 Bearing reaction for all conditions

Position Design[kN] St1 [kN] | St2 [kN] | St3 [kN] | St4 [kN] | St5 [kN]

Bearing Draft Draft Draft Draft Draft
[m] Cold Hot 41m | :114m | :12.1m | :20.8m | :22.5m

AFT S/T 6.93 1070 936 1047 1000 952 970 906
FWD S/T|] 12.56 112 178 69 25 115 65 195
Inter. shafd 18.70 209 141 271 251 209 241 127
M/E No. § 25.04 32 198 28 232 235 413 505
M/E No. 71 26.34 426 299 343 205 201 112 55
M/E No.  27.95 487 487 525 498 497 415 409
M/E No. § 29.55 480 480 534 541 542 571 562
M/E No. 4 31.15 476 476 451 450 451 441 444
M/E No. J 32.75 503 503 476 478 476 479 473
M/E No. A 34.35 375 375 398 399 399 398 401
M/E No. 1] 35.96 536 536 532 530 532 531 532
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Fig. 6.11 Bearing reaction for FWD stern tube bearing
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Fig. 6.12 Bearing reaction for intermediate shaft bearing
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Table 6.7 Comparison of calculated and measured data

in alignment draft condition (St1)

. Permissible
ot Reaction [kN] load [KN]
. osition
Bearing [m] Calculated | Calculated
without hull | with hull Measured Max Min
deflections | deflections
AFT S/T 6.93 1070 1047 - 1116 0
FWD S/T 12.555 112 69 89 240 0
Inter. shaft 18.7 209 271 279 339 0
M/E No. 8 25.043 32 28 44 958 48
M/E No. 7 26.343 426 343 294 958 48
M/E No. 6 27.945 487 525 488 958 48
M/E No. 5 29.547 480 534 - 958 48
M/E No. 4 31.149 476 451 - 958 48
M/E No. 3 32.751 503 476 - 958 48
M/E No. 2 34.353 375 389 - 958 48
M/E No. 1 35.955 536 532 - 958 48
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Fig. 6.17 Comparison of calculated and measured data

in alignment draft condition (St1)
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Table 6.8 Comparison of calculated and measured data
in ballast draft condition (St3)
. Permissible
pearing Position Reaction [kN] load [kN]
[m] Calculated | Calculated
without hull | with hull Measured Max Min
deflections | deflections

AFT S/T 6.93 970 952 - 1116 0
FWD S/T 12.555 65 115 142 240 0
Inter. shaft 18.7 214 209 224 339 0
M/E No. 8 25.043 413 235 245 958 48
M/E No. 7 26.343 112 201 128 958 48
MJ/E No. 6 27.945 415 497 448 958 48
MJ/E No. 5 29.547 571 542 - 958 48
MJ/E No. 4 31.149 441 450 - 958 48
MJ/E No. 3 32.751 479 475 - 958 48
M/E No. 2 34.353 398 399 - 958 48
MJ/E No. 1 35.955 531 532 - 958 48
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Fig. 6.18 Comparison of calculated and measured data
in ballast draft condition (St3)

6.3.3 A &5 ZAJA Ho]H ¥ v

Fig. 6.199} Table 6.9914& AA 5 zA0A )23 w3} A=d wgs
ek A3E Yepddoh AE A3 6320049 vRAZ A v o]
W, 5w 2 miel A% wold No. 89] AZH WL A4 Wygs 1
23k a4 @3”]’9]' A AL e & AT =T, Il QAR Hlol® No.
82 A5 A &5 A slAA|7F 413 kN, AISX]7F 300 kKNe.2 W1 E
T 2749 235 kN, 245 kN tinl Z74A9, vl gl wojE No. 721
& AA T4 21004 sAA17) 112 kN, ASH7) 69 KNoZ W AE T4 =
7] 201 kN, 128 kN thu] 7r43d AL & 4 gtk Aebd oz §Ax9} AZX

B A7)9F o] Hlsd AR YEA T b Hojds} 2] wel
olFoAe FH o2 AFAS XA Aolo] zpel7} Atks AS & F
g, ole o2/ A0S FAs & F AT 7P AAE A B2 A

_97_



A BdE A AREHE 8IS FEo] e 571 2319

E_Egﬂ ]‘(Web)p/] —'—FLE’] 7]—/\6]% =] o

ol F¥AT s 1HY For
N08N07No6«l°é“% 5

KNmm=z# wj-$- & 32 717t} o Zo W

M E skl UWL FFo] F= 9 lf{E‘r olE3t L IA WE

H = ZH°]E (bed plate)e] A (sag) 318 &= W<l Az wo

& A AA Aol AAE ARG ¥ AARA A EYe o Y F A=

Aoz #aEt Ogo® sy B Ade g% wojHo

2 3
Al 9P vAA ghe Aoz o

_98_



Table 6.9 Comparison of calculated and measured data
in design draft condition (St4)

. Permissible
Reaction [kN] load [KN]
. Position
Bearing [m] Calculated | Calculated
without hull| with hull | Measured Max Min
deflections | deflections
AFT S/T 6.93 936 970 - 1116 0
FWD S/T 12.555 178 65 125 240 0
Inter. shaft 18.7 141 214 247 339 0
M/E No. 8 25.043 198 413 300 958 48
M/E No. 7 26.343 299 112 69 958 48
M/E No. 6 27.945 487 415 440 958 48
M/E No. 5 29.547 480 571 - 958 48
M/E No. 4 31.149 476 441 - 958 48
M/E No. 3 32.751 503 479 - 958 48
M/E No. 2 34.353 375 398 - 958 48
M/E No. 1 35.955 536 531 - 958 48
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Fig. 6.19 Comparison of calculated and measured data
in design draft condition (St4)
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