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A Study on Shaft Alignment of Propulsion Shafting
System Depending on Reaction Supporting Position and
Slope of Aft Stern Tube Bearing

Sun, Jin Suk

Department of Mechanical Engineering
Graduate School of Korea Maritime and Ocean University

(Supervisor : Prof. Kim, Ue Kan)

Abstract

The trend of large scale ships evidently caused its propulsion shaft and propeller
size to increase. This enabled shafts to have greater stiffness, yet caused its flexibility to
lessen and created bearing failure at the aft stern tube bearing. This further resulted in
shaft not following the bearings supporting the shaft. Therefore, research about adjusting

the height of the bearings to follow the shaft has been researched.

In general, shaft alignment is calculated and evaluated in accordance with Class
Societies” Rule requirements. Especially, positioning reaction support of aft stern tube
bearing is based on practical experience of shaft alignment. However, it is not
mentioned what type or size of the ship is considered for proposed reaction supporting

position.

The analysis results of shaft alignment have to fulfil the acceptance criteria such as

a permissible bearing surface pressure or a permissible bearing load of each shafting

_Xi_
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bearings. Also, it must comply with the relative slope between a propeller shaft and an
aft stern tube bearing at the aft stern tube bearing according to Class Societies Rule
requirements. Current design guideline does not specifically prescribe the relative slope,
yet the relative slope can affect the shaft alignment analysis depending on the evaluating
methods. Especially, when double slope is applied to aft the stern tube bearing, the
double slope is defined by the basis of the engineer’s experience and skills since there

are no specific design guidance and rule requirements.

Therefore, to evaluate the feasibility of the reaction supporting position of the aft
stern tube bearing recommended by Class Societies in shaft alignment, the theoretical
reaction supporting positions for various ship’s propulsion shafting systems are examined
and then evaluated the difference in this study. Also, the influence of the evaluation
criteria on the relative slope of the aft stern tube bearing was examined. Furthermore,
design method for double slope and multi-slop of the aft stern tube bearing is proposed

in this paper. The summary of the study is as follows.

First, in general, the reaction supporting position of the aft stern tube bearing
provided by Class Societies is from (D/2) to (D/3) of a propeller shaft diameter. It is
evaluated that the reaction supporting position of the ship’s shafting system with the
propeller shaft diameter less than 600 mm ‘is within the provided range. However,
propeller shaft diameter with more than 600mm tends to move to the forward side due
to the increased shaft stiffness, and its reaction supporting position is examined in the

range of (D/1.45) to (D/1.78) in the evaluated shafting system.

Second, in the case that the changed reaction supporting position of the aft stern
tube bearing depending on supporting bearing stiffness is compared with the position
(D/2) of the reaction supporting position range provided by the Class Societies. In ships
with the propeller shaft diameter less than 600 mm the reaction supporting position
tends to move to the aft side by 11% to 50%. However, ships with propeller shaft
diameter more than 600 mm the reaction supporting position tends to move to the
forward side by 12% to 37%. Therefore, to assure accuracy of shaft alignment analysis
for medium and large ships with a propeller shaft diameter of 600 mm or larger,

proposed theoretical evaluation of the reaction supporting position should be conducted
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before performing the analysis.

Third, in 100,000DWT class crude oil tanker group, the reaction supporting position
of the aft stern tube bearing moved approximately 40% toward the aft side due to the
propeller design depending on the application of EEDI (Energy Efficiency Design
Index), yet in 150,000DWT class crude oil tanker group the reaction supporting
position depending on the changed propeller weight is insignificant since the effect of
EEDI is insignificant. However, even though the changed propeller weight is
insignificant in 300,000DWT class crude oil tanker group the change of reaction
supporting position moved toward the aft side about 50%. This is due to the stiffness

decrease of intermediate shaft by applying EEDI.

Fourth, it was found that there was no load on the forward stern tube bearing when
shaft alignment analysis with single slope in aft stern tube bearing is carried out and
the aft stern tube bearing is supported by both ends. Therefore, to optimize and avoid
invalid shaft alignment analysis, the evaluation should be based on the final shaft
alignment analysis which is the re-analyzed shaft alignment of initial shaft alignment by

changing the calculated relative slope of aft stern tube bearing to both end support.

Fifth, regarding the double slope of the aft stern tube bearing, which has no specific
design method or design guidance up to now, design criteria for the double slope is
proposed. Each slope evaluation is proposed as geometrical criterion. Also, lubrication
criterion is applied to optimally find the knuckle position of double slope that divides
the slopes. Furthermore, for the accurate analysis and assessment of the multi-slope
which has a possibility of occurrence as a result of shaft alignment analysis and
maintenance of the bearing, the multi-slope design guidance, expanded from the double

slope design guidance, is proposed.

KEY WORDS: Shaft alignment =74 % Z; Reaction supporting position W= X2 H;
Relative slope “3 017 A}; Slope criteria 7 AF7]1<; Knuckle point ¥ =3
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Typical Node

Fig. 2.1 Element and node
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228049} e WEE ol gatH, v & B AFEL dy,, doy, b1, 6,0 FFE ST
o] EHT & Ytk

1y — 04
dv(0 -
Z; ) = ¢ = ag
(2.19)
v(L) = dy, = a,L* + ayL* + a3 L + a,
dU(AL) ) a L™+ 2a,L+ aq
dx
o, R o, 7HAE AHY AFEed BsA 22195 E3 °)F 42.18)°] tYsHE gex
2 IANE A F A
b= [ (dyy — dyy) + 22 (gzslw?)} o
(2.20)
+ [ %(31!; dy,) — (2¢31 . @)}ﬁ + oz + dy,
222005 FE P o= YehlH o 2Tk
o = [N{d} (2.21)
(=12 22)
2y
o
[N =[N N, Ny N (2.23)
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N, = %(253 3204 LY Ny= (YL — 22°0 — 2L

L Ly

1 ~3 ~2 1 -3 ~2 (2.24)
N3=?(—21: +3z°L) N4=L3(xL—1:L2)

AZ7IA, Ny, Ny, N3, N, & B 240 gk 4 &<

ki)

I FET B g4 fs)], 24 1

ol Ny =10 Ha, AH 201 N, =00l Bk N, £ ¢, % BA7} Q7] mEel 2(2.24)

P

o F WA AozRe AH 1904 (dN,/dz) = 19 & zZreth 94 F5 N, 9 N, & 2F
200 sl FARRE AE 2=t

A 3GA : AP E-HAL 3H-HPE VA B9

Faov
3 D
I
H
) A &, 4
S EE S mNE A ST o
s 7 (_,
Pl
/’/
')/ dx B

(a) Before transformation

D
V .

T\
‘ C . dx
\ -
l B a5 1
dx
(b) After transformation (c) Rotation angle of section 'ABCD'

Fig. 2.6 Section of beam

_15_

Collection @ kmou



U=~y (2.26)

AN el 712 ol Re| wlol(dE 5
W, 98 ABCD) W3 Fo= BHE FA8 L, IWHOZ 2 (dv/dr) TF FRTTHE 7]
7P BAE & Slth 22259 42200& YEE v A& & 5 SiTh

rO
b
o
rhu
o
fru
—H
o
gt
ol
r'E
oflt
©
()
g

d
m(z) = BEI—; V = EI—— (2.28)
d

A 49A : 8k 2L BRY FE

HA AR BPHS ol &dt 849 AP EAS stk A B o] HI
ke AaE ) FIRRIE H835al 2)(2.20)7 21(2.28)=FH

. - d’v(0) _ BI - .
fiy =V =E—7F (12d1J+6L¢1 12dy, + 6L, )
dx L?
~ = 0(0)  EI . -
m; = —m= — E[——=— = (6Ld1J+4L ¢y — 6Ldy, +2L7¢,)
dz? L’
(2.29)
-
~ ~ 7 A A A ~
foy=—V= — g ”ff) = %(— 12d,,— 6L, +12d,, — 6 Ld,)
dx L
~ ~ _do) EI( ~ ) - - 23)
my =m = EI s 6Ldy, +2L%¢, — 6Ld,, +4L>¢,

P 229 Fig. 23014 821 13} gol, A (o1 A el mHES} B olge] o %
WE D] uirholn, W 20041e] o] ATest B o|ge| Fo] AT R& FHo| ul
golmE 229y F AR A WAl Aol g9 REE HE AL & 5 Yk He20)E A
a3 wWelste) BAE Uehit. Ae29)F B2 FelE dehE oo 2

=

o

lo
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Sy 12 6L —12 6L ||%
my EI| 6L  4L® —6L  2L° !

£ | P12 —6L 12 —6L |]4, 230
o L 2 _ L 2 ~
s 6 2L 6 4L 3
7| YL L 3 £t
12 6L —12 61
N L 2 — 617 2
i - %1 6 4L 6 2L 231
73 |—12 —6L 12 —6L
6L 2L —6L  4L?
A2301A k= B3 o5 FRNES I Woe} s|date] WA Yehyd, u

Bol S T PASRT UL hehaek

oA A=H @4 AW 20231)S Byt A3 gk 7b4 ol fxatnh 1y

FAS 1ol A stz A Wdel Fagel wel B Al H(Timoshenko) 2]
AZE BARLE Thest Lol AR,

dx

Bx)

A =
L ;:77&\‘) M+ﬂ
V+ G aJx

X

I
(a) Element of Timoshenko beam showing shear deformation
(Cross sections are no longer perpendicular to the neutral axis line)

Element 2
*(l: é’
u’flz‘ ) (."132‘2)

i =
dx dx
(b) Two beam elements meeting at node 2

Element |

Fig. 2.7 Element of Timoshenko beam
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S Fig. 27¢ BT v Zo] deE e B YUHe B S itk o] FYuWe
B g fAGAT O ol U H)F AuWAE ol FAE g olE Auge %

FARozA BYsHE BA ol 9@ Aolth HaolA AA HPL oA F A HEoz
AR st F8lel o3 Zoln uex] she Ayl o3 Zolth 2 =E HaoAe)

AR HA9 7lerle vt 22 FHE et

v _ 52) + 5) (2.32)
dx
o(z), f(z)e FURWES) 72w Avdon Heo AL ousith Mg A3 7
AR 1€7)el Athe 7S oMY, wIERES} #3 HMI(FE) Aol BAE o 2o

M(z) = EI do(z) (2.33)
dx

o)

I3 HAeEY Ag Wy A= o 2ol JEehdth
Viz)=k,AGB(z) (2.34)
dv/dz ¥ ¢ Hole Ko AW WHE 4, (= 4)2 FAITL

dv -
Yoy = = (2.35)

Fig. 24(b)9} 7129a] o] 33} FInwES] FozRE AEH A(2.11), 2(2.12)°] tisl
A T, 22349 Ve 2(2.33)9] ME 2(2.32) B9k A A11)F 22.12)9] tUst
o F e AugAAE thed 2ol e

2 [kSAG dv —é)} = —w (2.36)
dx
d (E[ d‘?) + kA G( dé — &) =0 (2.37)
dx dx dx

hEEe Hd¥e zshs B 240 FAREL AEs] AsiAe Tt Mt
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22182 Foix 32 F4E wE gt WMl falsAl stEdEke] Ad WEES
o(z)ol 3 32 AT dBEA AR, AY HYE 45 AFE TR,

AZ olg3te] thev 7;% 4o W2T 5 9k

2(2.18), 4(2.32), 4(238), 1AL (239)F S 95 29 T oz FHT 4 ok
¢ = az + 2a,2 + (z° —6g)a, (2.40)

22.18)F 2240y ol&ate] 9 Ao AF o) ~ay= =0, = LY W A HY
diy, dyy % 3R §y, §, 2 A o}ehet 2y,

2dy, + Loy — 2dy, + Ly

a; =

L(L*+12g)
—3Ldy, — (2L + 69)$, + 3Ldy, + (— L* + 69)d,
a f—
—12gdy, + (L + 6gL)$, + 12gd,, — 69L,
a =
’ L(L*+12¢g)
ay = dy,

AolA 4kEd ZHe 2)2.18)° vyt o3 &

[e) o A
4e 9 % Ak

rlo
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2d,, + Lo, — 2dy, + Loy 4
L(L*+12g)

1’} =
—3Ldy, — (2L% + 69)$, + 3Ldy, + (— L* + 69)dy -
T

(2.42)
L(L*+12g)

—12gd,, + (L* + 6gL)¢, + 129d,, — 69L, -
L(L*+129) W

AdA M Hek W0l 3] A kS wo] B a0 YL A& FAY PHE
KR

53 ot 2o Ae 7 4 Aok

EI(12d,, + 6L$, — 12d,, + 6L,)
L(L*+12g)

f1, = V(0) = 6Ela, =

m, = —m(0) = —2EI,

EI6Ldy, + (417 +129)d; — 6Ldy, + (217 = 129)d,]
L(L*+12g) (2.43)

. ~ EI=12d, =6Ld, +12d5="6Ld,)
fzy - _ V(L) — ly ;ﬁl 2y ¢2
L(L*+12g)

BI6Ld,, + (2L% = 12g)¢, — 6Ldy, + (427 + 129),]
L(L*+12g)

my = m(L) =

9 Aelq F WA, Al WA Ao ()L Hsh Hea)e B 19149 ()] ZRE, v
A4 geln Ay 20049 (e AvE, wde dhela AnE neE, of 4 YUY
2 Wgshd oo 2o

ye 12 6L —12 6L dy,
my| _ EI 6L (4L°+12g) —6L (2L°—12g)| ) ¢ (2.44)
Fay (L7 g) |12 —(23L 12 —26L ds, ‘
~ L _ — 67 ~
s 6 (2L*—12g) —6L (4L*+12g) &,
JYEE 9 AoRRE 33 Ad wEs BT 2t e A8dES 7 5 Ak
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12 6L —12 6L
EI 6L (4L°+129) —6L (2L%*—12g)

L(L*+12g) |~ 12 —6L 12 —6L
6L (2L°—12g) —6L (4L°+12g)

[Z>

(2.45)

A@45)014 F1alol & AL g AR Aud o] e Aot 1A ¢ =0

J A stEweke] A Wio] FAE B ZAAdH] 231)S T 4 Uk AW ®BAIRL
VIS Fds] Al FALY A BAJAE e AEPEE oA 7 £ Aok A

ARRIAE o = 1281/ (k, AGL?) = 129/ L3} 2}

12 6L —12 6L
R 2 _ _ 2
— EI 6L (d+y)L 6L (2—vy)L (2.46)
Li+e) |-12 —6L 12 —6L

6L (2—)L? —6L (4+4)L?

2.1.3 Bo| A bR A ngps

B Ao ARRE A AE sl ZET9Q] Nauticuse 712H 02 321 3|4 S T35,
2ol

A4EE A AAYLL 394 A9 WY EHS nsle] Og 4T Zo| He A
Sk
EA EA
— 0 0 0 0 0 -~ ° 0 0 0
0 12a 0 0 0 6L 0 —12a 0 0 0 6o
0 0 128 0 —6L8 0 0 0 —128 0 —6L8 0
GJ GJ
0 0 0 0 0 0 0 0 - 0 0
0 0 —6IZ3 0 (4+20)L%3 0 0 0 63 0 (2—20)L%8 0
P 6La 0 0 0 (4+20)L%« 0 —6La 0 0 0 (2—2¢) L%
= EA EA
- 0 0 0 0 0 - 0 0 0 0 0
0 —12a 0 0 0 —6La 0 2.0 0 0 — 6L
0 0 —128 0 613 0 0 0 123 0 613 0
GJ GJ
0 0 0 - 0 0 0 o 0 - 0 0
0 0 —6L3 0 (2—20)L%8 0 0 0 6I3 0 (4+20)L%8 0
0 6La 0 0 0 (2-2¢)L% 0 —6La 0 O 0 (4+2¢) L%
6EL;  6Eb Bl Bl
- 9 ’ ¢ - 9 s A= 3 ) /8 = 3 (247)
L°GA, L°GA, L’(1+2¢) L°(1+27)
Ac Wy BAS 9 dd BAA G 2)(248)7 2ok
ok 7t 91X ol Mo GRS 4 2 JPgsta, v A48T 2ol FHSWE £ (= 1/k,)7F A
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& A7 doh Foll oid dAd EAAes SAS 2 S5 B 44 4249, 4

250002 A}

Ay = A, = A,
(2.48)
6(1+
fks’*cylinder = % (249)
_ 6(1+v)
fs*h,ollow - (7—"_6V—)><ksdf (250)
T3 9743 WA tig Ble Aesnd 2k
_(dyxdy) + (dy X dy) +(dy X dy)
koap = (d, < dy) + dy X dy) (2.51)
2.1.4 Au)d T3 wojgo S &4 7)FrHB
waglol sl FAd Baw Aun SR ol oF A A8HAY Arld F

5 owojgo] 500mm o]l Aee BEE 24 E_Zﬂoﬂ z2dg S Au)d 5 dojgolA
A &2 (Hydrodynamic lubrication)°] =% A A4 &S a7t Jok =3 A5 #480
A AANE BHOE §8 siAS Faslok shal, fH Aol Thed HAIAHT (ng)v FA &
A 230 BE SR (n)Hth Yotok & AS g8tk vk
T AR Sl HH

A

1)
re
Ibr
ot
=
i
=
o

Arujdk S5 wojge] &8 H7} 7|2ole A
I AAIRE A AR tE3 2o
1) A< 78 (Low speed criterion)
A AL ANe HAHQ It ZH(Hot static condition)S 7|F=O0.2 3, HA =4 IJHSF
5] 2 <~(Dead slow rpm) R.T} Yrojof gt}

Nyin = N, stat

(2.52)

T, stq¢ - Hot static condition
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2) o) AE3% 7178 (Full speed criterion)
&3 HF A4S A &4 ZZA(Hot running condition)S 71FC.2 dH, Al £Fo] 7%
ot N8 HA A 50, 0 A ALIAFMCR pm)RTH Sofof F,
Mg = Max{n, g1 1 gyn2 )
N, 4yn1 : Hot running condition 1, 15 % of full torque downwards (2.53)

N, 4yn2 : Hot running condition 2, 40 % of full torque vertical upwards

j_ "
2
>
Y
>.,
g\;
O
fru

FUFAE otk (L/ D) < 25 iolA] QFD FH A vilols olo] A3t ATHolck.

28 10°Chy P,
ny = (2.54)
0 vDL
eff
D0.43
hy = o5 (2.55)
b 10° W (2.56)
eff LD
W, W,
L= LKDKL[(O.lJrO.l? e )— (0.32 —0.02—+ )log(a)
Wm ax Wm ax (257)
K,=0.53x10"°D*—1.08 x 10" *D+ 1.55 (2.58)

_23_

Collection @ kmou



L\ L L
=0.33|—=]| —1.5|= . —<
K, 033(D) 15(D)+0266,D_2

A4 &8 F7HE A7 &Y 242 a3 2.

ny : A &2 7Fs3 HA A (pm)

hy : 2& 9% A4 F2 T4 (mm)

Kp 72 271 A (-)

K, : @l tn) H7e] RAY A% (-)

A AANA AREE A 252 v 2o

o AA EA D% 15T FA 385 (pm)

npy o AA H @4 33 MCR (rpm)

C : A" = (mm)

L Wold o] 32 gF AAA 2 ZAEe) tig 2o (mm)

v HlolEg &%, 40T 7|EolAle] &89 4

D Ao AdHe] A% (mm)

o TR, W, W, (N)

Wmin : gﬂi%}‘-’ VVl’ I/VQ (N)

FHAAT (cSt)

o 0 W oM Al S3 wlofRolAe] Z 71&7]

max
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Fig. 2.9 Model of a shaft resting in a double slope bearing

ol A WolPel MR HEeHe SES (Fig 299 W) B o]y AApHo] ujel
. &, o3 2ol "k,

Woure = We < Wi 2.62
2aft — I/I/l + W} ( )
1% e x Wy 2.61
2wl = T, (2.61)
A& g2 Z2A 9 T4 stes AeekA] oS A2 A3 =10l disiM ALksi, A
A 2R3 - o thejM AR By Z]olE olgst] F2 A ATl AL dEeFoR
AFHA gt As FHEAE A8se A ng 0T 20mpm B 24 FE=
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22 A AE 4

| ol FA A THEE BAS FAS AR A, A 20 L A4 o
g FE and WA AESL, B AT HEHE 49 Y, A 22 D 3T 220
dalA HEEth m3 QubAel S FPe] AT JNeR B AT A% 24 4 94

221 A BE K= AT 712 7R

1) A 4E 712

S
o
o
=
o)
o
-z
=
2
ot
lo
ofy
o>
o
N
v
rr
4>
o
lo
4
o
Z
N
rx
o
fr
A
o
&
ui

%A 49 712A

2) Wloje w44

Al F2 WolPe] AAHE Fol FEHA B HHY 2NN vojHe] Hr)E BH
[e]

X = AF DE 7IEL= DRoIA D3o] Eold Aoz 7HgsH, So] FeHe 4
Ao HlojR el AnS EddllA woE fE ZolE 7IEe= L2oA L3z Eojxl A

B

juiny

o2 AAFT B =Foe A A4S a#stgh

Y e\ - ~ 4

|
o

—4‘ / / / / A-B : Aft stern tube casing center line

D/2~D/3 | Bearing Reaction Point CD : Original bearing dafum line
E-F : Modified white metal center line

Effective Length

Fig. 2.10 Aft stern tube bearing supporting position

3) "Wl AA B4

B ERoAe old A4 A woiPel 44, wMoiB 5 Aolo] AR £F

L

[e}
7474 B ool " S AASE 72 A Fom ALt dwtEo s Z4zbel A Fig 2103

o] AuE Moz AWHL Utk 7 viols AL A 8H WojRel SHT ALY 7140

h =
wel golstel, 23 foo BAS £TAY FR A8HE £The WY B4 et 3

)
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Aok E3 Wold e XS Tx ZHL Aol FF, Avte] Tz 54 B B Tz 54
o whe} Holzh gk,

B R A 48 NS /RHoR B NS 7RoR S, B NS 9% 2 )
oARe A4 AAe et Lk A WelRs F5 wolRe AS
Az WolPe] A9t s,

S
X
2
Z
=)
o
fru
o
o
ot
v

Oil film stiffness Bearing stiffness
1.0 x 10° < Koil < 5.0x% 10° 1.0x10” < KB <1.0 x 10'°

Bearing foundation stiffness
1.0x10° < KP <1.0x 10
Stiff bearings are used in simplified crankshaft models

= Conservative results (no smoothening)

Typical range for bearing stiffness is (5.0 x 10° ~ 5.0 x 10° N/m)

Fig. 2.11 Typical bearing stiffness
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4) A Aol WE FI gtef

= ME AR SA Hold FAGY 24 wol)E Ve By 92 wiAHs 49
FHoZ Aostr], el Hgele 71FA HolA ol Fehe WFE HHoeE Yot
g s e ol ma,] e shgol Agshs A dh A7E THE geE Aeofst

Seen from starboard side Seen from above

Fig. 2.12 Sign definition of external force and bending moment

AL FEHE B AF 2O Teae fAS0] me 49Hm, e GAge
SEEEERAENEN R %7}0}% Aol Aukalolth, o] e F2AH 47 5| th ol

A 4 9l7] wEelth, Fig 2138 AaolA] Foix]
N =

(Computational Fluid Dynamics) .82 S8kl o}, Ao gt =Ao] o] &4 AE 34

ANA o]F o]&she e BA o"":}. AFHI AN 22829 FAES SA AE
aH37] flste] QRloA ZzHAHZ dDEE Ho EZ(Torque)d 15 %25 %% A-&3l= A
o] YukAolm w=goldge] g, SAl wet ZEFe]Se Aol 500 mmeolstl FA=

()5 % ~40 %=, 500 mmo] FolAY An wojgd o] FAAE HE3 Aol (7)15%~40%

£ 878k v & =EdAe 4 As 26 deiAe aeskA e
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= thrust
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Fig. 2.13 Propeller force and bending moment
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Table 2.1 Material properties for alignment analysis

Condition E-Modulus G-Modulus Poisson’s Density*)
number
Air 2.10 x 10" 8.10 x 10" 0.3 7,850
Sea water 2.10 x 10" 8.10 x 10" 03 6,825
Lub. oil 2.10 x 10" 8.10 x 10" 0.3 7,000
Weightless 2.10x 10" 8.10 x 10" 0.3 0
*) Density is defined as the metal contacted medium.

223 A AE 4 AA =4

A A2 dMe ¢ A5 HE 5L ofget 2ok SA9 mdg o
A A8 1 B wlolEg vk YA 9(Reaction influence number)E A& F UTh
A AL A AZALl A Al FSt= AR wEfok shH, SA| o]9]o] HELr] & A T
717} F7tR AR EE A9 GA dlg ZHl AL A Al gshs ARl wEt AHsA 2d
o] sfofof it}

(=)
]
fo
o
S
e
Il
1
o
fo
E

o

1) Ty

zzdyE oFog ey, IFEFo R uHdt =4 A
7} drol] FEH o7 e AL APty XS FaYdiTh UukHQl zzdy o] H4wF ®
A= Fig. 2149 2t} B =RoAe ZaAgyl 943 27| AL 7B 2how =4 AY

< si4staitt

Fig. 2.14 Propeller submerged condition
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2) =S 3 Av)d oy

A A8 S AT Z2A wdY L Fig 2159 o] AAe B9 F4S AU
Zrerglete] RdRT AA| =re) Ao} Zhepskel mdRe] dij4 A= Apol= 2-3% PRt
2, g mE aks FA Zhesith And wlolde AAl A HEHE dolwke 1y
sto] R, wlojdo] 973 WAl Ak SHIUA A4 wjAde] dASHA B=
HAE vl JAE arefste] Aol Hkgstojof it Fuz dibxoz FISA G &
He Ao wojgde tiiE HAP woldS Agstal ok

A AE e AT F5Y 2dE =9, Fig 2159 Zo] Ao 533 J4s Ao
repetstel Ryt A =) o) 2hEpsiet Rl 4 FE Aol 12 % mTe
2, Zdgd e A= FA Jhedith $305 wold 2 AAAbel et 518 wshe] o)zt

7] W B2y @Al o] i steiof gtk
Cap&Nut Propeller Flywheel Chain & Moving mass
& &
R — il
UL [IlLl_ﬂ]‘] miln -L'IJ»J-UJ” 1
» f t < —
______ y Aft S/T Fwd. S/T Int. Bearing Engine Bearing
e e I\ )
Propeller Shaft Intermediate Shaft Crank Shaft

Fig. 2.15 General modeling for alignment analysis

Fig. 2163 ol 7} Azl AFARE 4749 <Rl mdle thajA B ARa5S U ¥

7P AZ R X3 mdy FRE AFsA Utk MAN B&WE B A5
HtA] @2 57 EES AlFSH, WARTSILAE AR 359 A F7F
45 AFecE =T MAN B&W <o A 758 Ale] HEHE= A= A
o] s—}%—% zq%atq ()2 Z7]1Z 7HA+= HbE, WARTSILA A& A48 Wuo] 7iH Azt
AAE AQlS ol&skA] L 7102 kar Qlof ()9 A7t A8k skeol jle Aol 54
ot

111
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MAN B&W

Chainforce minus
mass of chain wheel

Mass of 79100N
] Meoving masses. Incl. crankthrow.
91400N S1400N S1400N 91400N
= = i ;
HENIE
g = s ) » +
48 SESEXC 3
s S+ g
4
Engine bearing
@ W % N oD ® % o @O © % ©o @ @ T o o
oy X REeR * 0~ o~ o~ @ e oo ~ R~ M~ & & &N & o
= 8 I - B S 2 d38 3883 E 8T R 4
\—ln the calculations this shaoft is weightless—m7m™ — ——
o
£ -
© = (2] o 3 L5 O — o (SRS (5] [Slp] [
= s P8E 88 8. 823 8% 8% 8% 28
7»— 75 Ll-/gﬁ/cs '-‘—/co /cE Ll—/co /CE j;/co /CE
T o—f> . i ,z I( b5
s ] & P
7/797[)71 =) 77/7777]mb,2 7779;’23 WmM e
o
£ T
|mb1 Itb Ican ‘c lc lc Ic ‘c Ic 2
3|
. L=
Density of crankshaft = 7850 [kg/ms] Py

Fig. 2.16 Equivalent crankshaft modeling data

224 A AE 4 FF 84
1) 2% §st & 9duiy

25 Wzl W& dRFEL 221 6)FolA AET AA

=)

=
= Zo] dukdolt). Fig. 2172 HIQl <AZle] dwsle] wel dzlo] A=y de& Wyt =1
(Cold condition), 18]l I FxEo] 55C7HA £&3 H$S E7F 27 (Hot condition) -2

Fated, Ao dAE d Wzt AdS YERdTh Fig 2179014 B F= ZAEH, XA
WAEhE e AR R d HjEo] golg WA oA wiEe] ofHth webA <X
SAT M B do] AAEA wEl BAlEY oz duFo] dojuA Hoh o3 &
As BAS] 98l Wl dXs AXT o, v WY (Pre-Sagging)= FAE WHIE Fo] &

G Aol wdl A wE SYelEVE 3ol 2 F UEF
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¥ Straight alignment ¥ FE model ¥ Pre-sag
P Cold condition

P Hot condition CVinger Frame

Eramebox

ﬁl,s"* ]

Bedplate

3% Cold condition : 20 C , Hot condition : 55 C
Fig. 2.17 Compensate bedplate by thermal expansion
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AA AP FA AE AN T B GFS FE f&0lth dA DAA A MY
2 743 4(Global Ship Analysis)= &34 HEFS A5 F o, L85 HlEF ARME
B3tk 1 A gk A=rF w4 3tk 7HE, siAE Aduke] 7R Eolvt 30mdl A
1418 237} Bulk Head®llAl 30 mmA %= F2do] TAYEATHA, o= A W] 4] A
7b 7134 Eoleh HlmsElE 1710002 WEo] wAE Aotk & AAdsa Aol 5% 22}
Aokal 7145 Bulk HeadolA 1.5 mm9] a7 HASHE Ae vl ol S35 Wl
of §Al A719 ARt ekl S AE a4 AldA AA MEe s AL A 3
do] 5o wE AAH Wy AFS ool FEatAN A AEe] ALEE
AN7E Relle @A7F Aok

ki

Olt

Fig 218& Ad0] 42 44 Wde] A%E BeF3 gk /1BAY Fxe HY AFT 9
Ao mek AAl APl thavl, E@ SE AAFel met Bk HA WP AFe] UErdS
& 5 itk
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(a) — S e
. il Actual deformation in the light condition —
Double bottom "Sagging"

(b) = —_— ion i ition -r-r——"—l

s, ———— |
Double bottom "Hogging” ———— e

Loading zone "Sagging"

(a) Light draught : aft ship — sagging / cargo holds — hogging
(b) Loaded draught : aft ship — hogging / cargo holds — sagging

e Loaded draught condition: increased overall hogging e ~.

(d)._ -

(c) Light draught: overall hogging

(d) Loaded draught: increased overall hogging
Fig. 2.18 Hull deflection effect
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2 a7slT itk Ty 9% AL BN ol olF wYsA Rals ZE Utk A
A FPsd AA TREE TE A4 2 SRS S Ao| ¥ At 27 4 27 FAS
Ho] 4 4Y ZWolNE AUEE R 5 A A2

225 A AE 34 7E
1) Ao wo]y

el 37 wo]g e oud Aol wojge] BF W3 7|Fow WSS 08MPas 23
A= oF "ot AR Mu)#e A 75 ZHdAM 12MPaZkA 383t 9loH, Ho# 5
< ofu3 A% FHH who] A&tk gtk )9 @S THAE o] Aishe dAde

g ool Sihel] o] = As ulshr] Wi 882 F itk WY v AE
Hojg o atso] Ao AgskA gAY siME 4

=

A& F3lA FANA LE ol e

7} 0.1 MPa oJ87t H= 7-5-olle BXF &
AstefoF gt

2

Avld 5 oy Wiy 2] g AAS 3mm/me 273

ez 0
M Qb "ok A AE sl AR olE 2t Afole Avd TF woge] yiko

L: length of bearing

Ys1,Ys2: deflection of shaft
compared with reference line

Y:l i Ysz ) - |Y:1 - Y;z
L .7

4 = tan(

0 <3x107" rad(0.3mm/ m)

Fig. 2.19 Criterion of single bearing slope
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3

7S wWlojd Wk HAXE 0kNeld, YA wojge] A4 HaX=
Hl3ke] 5% AEYS & 5 9t Table 2.39] WARTSILA S1%1& HIH W<l
HA) wo]gol thrate] oF 40 %~60 %S Hast o, T WA Wl wWojge AL A

A Wiyt FUAY 80% AE] HES Austw ok ol WA Wi ug dx AR
< HI AZ A8 dgelH, Ha Al HA vlojE 7]FSE 30% o]de] wkEo] 283 A
S B3k 9tk WARTSILAS] 7%= A2 =4 2 7S5l tisi A5 Table 2.3014 2o
ZFa glon g2 zdd U3 AL WARTSILAS| T2 dx =7 5& s Harl 9l
T} 571581

_36_

Collection @ kmou



Table 2.2 Acceptable bearing load for various engine types by MAN B&W

Aftmost engine

Main bearings bearing

Engine type (Journal bearing)™
Max. reaction [kN] Min. reaction [kN] Max. reaction [kN]

SS0MC 273 14 273
S50MC-C 291 15 291
S50MC-C8 291 15 291
S50MC-E 291 15 291
SSOME-BS 291 15 291
SSOME-B9 321 16 321
S50ME-C 291 15 291
G50ME-B9 336 17 336
S60MC-C 420 21 420
S60MC-C8 420 21 420
S60MC-E 409 20 409
S60ME-BS 420 21 420
S60ME-C 420 21 420
S60ME-GI 420 21 420
G60ME-C9 488 24 4388
G70ME-C9 653 33 653
S7T0MC-C 573 29 573
S70MC-C8 573 29 573
S70MC-E 559 28 559
S7T0ME-C 573 29 573
S70ME-C8 573 29 573
S7T0ME-GI 573 29 573
K80ME-C6 741 37 741
S80MC-C 768 38 768
S80MC-E 730 37 730
S80ME-C8 768 38 768
S8OME-C9 768 38 768
G8OME-C9 784 39 784
K9OMC-C 906 45 441
K9OMC-E 906 46 485"
S9OMC-C 940 47 940
S90ME-C 940 47 940
S9OME-C9 1121 56 1121

*1: Minimum reaction for aftmost engine bearing is zero.
*2: Aftmost and other main bearings are not always equal in size.
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Table 2.3 Recommended static main bearing loads by WARTSILA

Static main bearing loads [KN] recommended” for design
Ship new buildings, cold - stopped condition, light ballast to ballast draught
Engi Main bearing | Main bearing | Main bearing | Main bearing
ngine type #1 ) 9 "

W-X35 5~15 > 25 > 30 > 12
W-X40 7~0 > 40 > 40 > 15
W-X62 10 ~ 75 > 130 > 150 > 40
W-X72 10 ~ 110 > 160 > 200 > 50
W-X82 10 ~ 120 > 290 > 280 > 90
W-X92 10 ~ 120 > 310 > 300 > 90
RT-flex48T-D

~ > > >
RTA4ST-D 10 ~ 40 65 70 30
RT-flex50-B/D

>~ > > >
RT-flexSODF 10 ~ 40 65 75 30
RT-flex58T-D/T-E”
RTASSTD 10 ~ 60 > 100 > 110 > 30
RT-flex60C-B 10 ~ 65 > 120 > 130 > 40
RT-flex68-D

~ > > >
RTAGS.D 10 ~ 90 160 170 40
RT-flex82C

~ > > >
RTASC 10 ~ 130 260 260 90
RT-flex82T/T-B

~ > > >
RTAST 10 ~ 120 290 280 90
RT-flex84T-D

~ > > >
RTASAT-D 10 ~ 110 290 280 90
RT-flex96C-B

~ > > >
RTAY6C-B 10 ~ 140 330 330 90
*1: The values are recommended and for guidance only. They are not provided as limits.

As soon as the minimum recommended static load is provided for each main bearing,
no excessive static load can develop on any main bearing.

*2: These minimum values have to be maintained for each crank angle position.
*3: Also valid for RT-flex58T-ER-3
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Written calculation
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Fig. 2.20 Shaft alignment analysis procedure
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4) 27) 27 A2 &4
A5d Rd”S BEUE, z2dees o] gle 2dow AAsta, BE Woge S
Z71% 0omm= 3t A A4 sAS Fh
5) Wlol® W JgAF
Hatol| siME AAE EWE 7] FA0l Wol® FAE FA & 459 7 wold e wke
3 M| W JPATE ol &5t Holy FAE 2F AT
6) Mold &4 A5
Hojg S48 HAsk= A AA 2 M 21 T& aEst] 2 wojP o AT shgol
28t E S wojy FAlS 2Ashe DAolth Hold Ry FIAFE o 2(2.62)9 2ol #
o webd W GaAsel Z47ke wolse] {4 WASY WA 7wy wEge 4%
¥ 4 gtk
[R] = [RIN][6] + [R,] (2.62)
R A AE 34 A3
RIN : W& YA 4 (Reaction influence number)
R e A |
Ry : HFlA 27] ZeolA AR 2 welF o] vy
Table 2.4 RIN and Initial load (Cold static condition)
Aft. S/T Brg. | Fwd. S/T Brg. Inter. Brg. M/E Brg. #8 | M/E Brg. #7 | M/E Brg. #6 | M/E Brg. #5
[N/mm] [N/mm] [N/mm] [N/mm] [N/mm] [N/mm] [N/mm]
Aft. S/T Brg. 40,159 -92,505 56,954 -17,249 12,788 -179 39
Fwd. S/T Brg. -92,505 236,002 -171,468 104,707 77,628 1,090 -242
Inter. Brg. 56,954 -171,468 157,454 -187,929 146,674 -2,061 458
M/E Brg. #8 -17,249 104,707 -187,929 1,287,386 -1,935,932 915,815 -203,572
M/E Brg. #7 12,788 -77,628 146,674 -1,935,932 3,685,955 -2,516,237 835,259
M/E Brg. #6 -179 1,090 -2,061 915,815 -2,516,237 2,848,493 1,795,498
M/E Brg. #5 39 -242 458 -203,572 835,259 -1,795,498 2,289,026
(a) RIN : Reaction influence number
Aft. S/T Brg. | Fwd. S/T Brg. | Inter. Brg. M/E Brg. #8 MJE Brg. #7 MJE Brg. #6 M/E Brg. #5
292,216 -77,476 76,805 118,910 -33,543 95,002 86,981

(b) Initial each bearing reaction forces [N]
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Table 2.5 Calculation each bearing reaction forces by RIN and offset (Cold static condition)

Brg. position Aft. S/T Brg. Fwd. S/T Brg. Inter. Brg. ME Brg. #8 ME Brg. #7 ME Brg. #6 MJE Brg. #5

Initial load 292,216 71476 76,805 118,910 233,543 95,002 86,981

Real offset 045 -0.45 -1.70 3.94 -3.94 -3.94 3.94

Aft. S/T Brg. -18,072 41,627 }/&9\ 7,762 -5,755 81 -18

Fwd. S/T Brg. 41,627 -106,201 Z: 77,161 :> 47,118 34,933 491 109

Inter. Brg. 96,822 291496 g 67,672| 319,479 249,346 3,504 779

M Brg. #3 67961 | Tansm | _740,440| 45,072,301 7,627,572 3,608,311 802,074

M Brg. #7 so3ss | 05— |— 52,396 7,627,572 -14,522,663 9,913,974 23,290,920

MJE Brg. #6 705 4295 8,120 3,608,311 9913974 -11,223,062 7,074,262

ME Brg. #5 -154 953 -1,805 802,074 -3,290,920 7,074,262 29,018,762

(a) Calculation process by RIN and offset
Aft. S/'T Brg. | Fwd. S/T Brg. | Inter. Brg. M/E Brg: #8 MJE Brg. #7 MJE Brg. #6 M/E Brg. #5
237,105 39,240 29,852 3,181 68,723 93,565 87,302
(b) Calculated each bearing reaction forces [N]
7) Woi® A HAE

HAsle oy FAE ol &3ty FA AEs AsiMsty AdE HEIT < ©]-&st
WS AL Adet A A A ATt dAshs Z1E RISt wojd gAlS AT

8) 34 71+

Zb oy o] 58Hsk o stee ARSI ¥ 59 T VIE Y VIEee wESeA &
ek HE A AR Y deld Z2dH S Advjd F7 Hojy e AMNEE HEs)
aL, o A AAEZE 0.3 mmme WHEEEA] Itk 2dtete ol Adrld 5 Hof
Foll i BAFE Agste] a3 And F5 wlojd o] Al AAE7E 0.3 mm/m o7}
HEE A3,

9 AT A HE A4

dl A T A AE A 20 5& VR 22HNSY FUF TS A AT

A Hal Agde. 123 4
T3] A AY DAAS} Aol A8 345

A3t

AE

=

N

of

o

=

-4
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(a) Single bearing supporting position (b) Multi bearing supporting positions

Fig. 3.1 Bearing supporting type in aft stern tube bearing
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32 Al $5 wlojg e IFHAAH sy

o] Aol AFHBNA AL Y= An F5 wofze] WA Aol s A=
At} An) 3‘%¥ MolP e AF he S wolge T Polrk FAE BobA WA
Wb Erhelel, B ATAE AnE TR wolPe A BE WolPe woly weixx
He fE Zolo] F7bol s Aoz AT

a

=

Auke] Z7)e} FFol wet A0 7, AE# FE wlol o, vlel A
geo I7|1= =24 Fd. o]g)d thekd EA = B
A HAE H7¥sl7] 913 Table 3.1 o] thefgt AF3 Auke] A71& zh= SA00 tis) @
Asta HESSIH

tlo
N
N

Table 3.1 Various types of vessels for bearing reaction supporting position analysis

Vessel types
81,000 unit roll-on roll-off car carrier (20,930 DWT)
36,000 DWT bulk carrier
82,000 CBM class LPG/NH3 carrier (58,448 DWT)
6,500 TEU container (59,900 DWT)
120,000 DWT class product carrier
320,000 DWT crude oil tanker
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Table 3.2 Shafting system specifications of 81,000 unit roll-on roll-off car carrier

Vessel type

81,000 unit roll-on roll-off car carrier

Main engine

MAN B&W 7S60MC-C, MCR 14,280 kW at 105 rpm

Crankshaft diameter (O.D./1.D.)

720 mm / 150 mm

Intermediate shaft diameter

470 mm x 16,998 mm

Propeller shaft diameter

575 mm x 8,090 mm

Propeller

4 blade fixed pitch, Dia. 6,800 mm

10 O o —m

il
(L [

Fig. 3.2 Shaft alignment modeling of 81,000 unit roll-on roll-off car carrier

Table 3.3 Initial state bearing reaction supporting position

) Position Design offset Bearing load Pressure
Bearing

[mm] [mm] [N] [MPa]
Aft S/T Brg. 2,217 0.00 396,460 0.65
Fwd. S/T Brg. 6,469 0.30 61,693 0.29
Inter. Brg. #1 12,044 -3.10 62,438 0.38
Inter. Brg. #2 19,244 -6.85 105,904 0.64
M/E Brg. #9 25,656 -8.20 67,358 0.40
M/E Brg. #8 26,514 -8.20 69,371 0.41
M/E Brg. #7 27,534 -8.20 169,434 1.87
M/E Brg. #6 28,554 -8.20 159,009 1.76
M/E Brg. #5 29,574 -8.20 195,638 2.16
M/E Brg. #4 30,594 -8.20 57,893 0.64
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Table 3.4 Calculation of theorical bearing reaction supporting position

) Xi Fi Xi x Fi Xi X Fi / Frotal
Bearing
[mm] [N] [Nmm] [mm]

Aft S/T Brg. #1 0 104,578 11,608 0

Aft S/T Brg. #2 118 86,736 10,244,476 26
Aft S/T Brg. #3 236 69,824 16,486,214 42
Aft S/T Brg. #4 355 53,856 19,124,858 49
Aft S/T Brg. #5 473 38,826 18,369,008 47
Aft S/T Brg. #6 591 24,716 14,609,899 37
Aft S/T Brg. #7 709 11,496 8,151,940 21
Aft S/T Brg. #8 828 0 0 0

Aft S/T Brg. #9 946 0 0 0

Aft S/T Brg. #10 1,064 0 0 0

Frotoal 390,032 Calculated reaction position [mm] 223

Table 3.5 Calculated bearing reaction supporting position
] Position Design offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft S/T Brg. 2,044 0.00 412,431 0.62
Fwd. S/T Brg. 6,469 0.30 44,768 0.37
Inter. Brg. #1 12,044 -3.10 63,559 0.37
Inter. Brg. #2 19,244 -6.85 105,666 0.64
M/E Brg. #9 25,656 -8.20 67,625 0.40
M/E Brg. #8 26,514 -8.20 69,176 0.42
M/E Brg. #7 27,534 -8.20 169,432 1.87
M/E Brg. #6 28,554 -8.20 159,010 1.76
M/E Brg. #5 29,574 -8.20 195,638 2.16
M/E Brg. #4 30,594 -8.20 57,893 0.64
- 47 -
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450,000
400,000
350,000
= 300,000
',E 250,000
::"I" 200,000
= 150,000
1}
= 100,000
50,000
0 d
AftS/T F;;T' Inter. | Inter. | M/E | M/E | M/E M/E M/E
Brg. e Brg. #1 | Brg. #2 | Brg. #9 | Brg. #8 | Brg. #7 | Brg. #0 | Brg. #5 | Brg. #4
W Initial state| 396,460 | 61,693 | 62,438 |105,904 | 67,358 | 69,371 | 169,434 |159,009 | 195,638 | 57,893
m Calculation | 412,431 | 44,768 | 63,559 |105,666 | 67,625 | 69,176 | 169,432 | 159,010 | 195,638 | 57,893
Fig. 3.3 Comparison chart of bearing load on bearing reaction supporting position
Table 3.6 Bearing reaction supporting position ratio at various stiffness
Reaction supporting Stiffness of reaction supporting position [N/my]
position 50x10° 1.0 x 10° 1.5 x 10’ 2.0 x 10° 2.5%10°
[mm] 408 327 262 223 196
Diameter ratio [%] 142 114 91 78 68
Reaction supporting Stiffness of reaction supporting position [N/m]
position 3.0x10° 3.5x10° 4.0x%10° 4.5x10° 50x10°
[mm] 177 160 147 137 127
Diameter ratio [%] 61 56 51 48 44
- 48 -
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—&—Reaction supporting position on various stiffness —m= D/2 =-+-D/3

450 mm
400 mm \
350 mm

300 mm l-—}}‘\:\—-i-—-l——i—-l-—i——l—-i

250 mm
200 mm 7 F---9 ———F
150 mm T“.\ﬂ
100 mm

4.0E+07 1.0E+09 2.0E+09 3.0E+09 4.0E+09 5.0E+09

Stiffness of reaction supporting position [N/m]

Fig. 3.4 Bearing reaction supporting position on various stiffness
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Table 3.7 Shafting system specifications of 36,000 DWT bulk carrier

Vessel type 36,000 DWT bulk carrier
Main engine MAN B&W 5S50ME-B, MCR 6,010 kW at 99 rpm
Crankshaft diameter (O.D./1.D.) 618 mm / 85 mm
Intermediate shaft diameter 370 mm x 7,250 mm
Propeller shaft diameter 445 mm x 7,500 mm
Propeller 4 blade fixed pitch, Dia. 6,100 mm
- 50 -
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Fig. 3.5 Shaft alignment modeling of 36,000 DWT bulk carrier
Table 3.8 Initial state bearing reaction supporting position
) Position Design offset Bearing load Pressure
Bearing

[mm] [mm] [N] [MPa]

Aft S/T Brg. 1,963 0.35 210,566 0.50
Fwd. S/T Brg. 5,525 0.95 26,572 0.15
Int. Brg. 10,550 -1.53 38,494 0.40
M/E Brg. #7 15,169 -3.00 6,140 0.02
MJE Brg. #6 15,925 -2.91 88,449 0.27
MJE Brg. #5 16,799 -2.81 106,191 0.73
M/E Brg. #4 17,673 -2.71 103,415 0.71
M/E Brg. #3 18,547 -2.61 111,431 0.77
M/E Brg. #2 19,421 -2.51 38,941 0.27

Table 3.9 Calculation of theorical bearing reaction supporting position
. Xi Fi Xix Fi Xi x Fi/ Frogal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 76,630 0 0
Aft S/T Brg. #2 104 56,915 5,919,160 30
Aft S/T Brg. #3 209 38,127 7,968,543 41
Aft S/T Brg. #4 313 20,246 6,336,998 32
Aft S/T Brg. #5 418 3,232 1,350,976 7
Aft S/T Brg. #6 522 0 0 0
Aft S/T Brg. #7 627 0 0 0
Aft S/T Brg. #8 731 0 0 0
Aft S/T Brg. #9 836 0 0 0
Aft S/T Brg. #10 940 0 0 0
Frotoal 195,150 Calculated reaction position [mm] 111
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Table 3.10 Calculated bearing reaction supporting position

) Position Design offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft S/T Brg. 1,761 0.35 198,702 0.47
Fwd. S/T Brg. 5,525 0.95 38,950 0.22
Int. Brg. 10,550 -1.53 37,823 0.39
MJE Brg. #7 15,169 -3.00 6,549 0.02
MJE Brg. #6 15,925 =291 88,273 0.27
MJE Brg. #5 16,799 -2.81 106,103 0.73
MJE Brg. #4 17,673 271 103,423 0.71
M/E Brg. #3 18,547 -2.61 111,433 0.77
M/E Brg. #2 19,421 -2.51 38,941 0.27
250,000
200,000
=
T 150,000
3
g
© 100,000
8
=]
50,000
0 i n
AftS/T | Fwd.SfT| . o M/E M/E M/E M/E M/E M/E
Brg. Brg. Ll Brg.#8 | Brg.#7 | Brg.#6 | Brg.#5 | Brg.#4 | Bro #3
W Initial state| 210,566 | 26,572 | 38,494 | 6,140 | 88,449 | 106,191 | 103,415 | 111,431 | 38,941
® Calculation| 198,702 | 38,950 | 37,823 | 5,549 | 88,273 | 106,103 | 103,423 | 111,433 | 38,941

Fig. 3.6 Comparison chart of bearing load on bearing reaction supporting position
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Table 3.11 Bearing reaction supporting position ratio at various stiffness

Reaction supporting Stiffness of reaction supporting position [N/m]
position 50x10° 1.0 x 10° 1.5x10° 2.0 x 10° 2.5x10°
[mm] 252 170 133 111 95
Diameter ratio [%)] 113 76 60 50 43
Reaction supporting Stiffness of reaction supporting position [N/m)]
position 3.0x10° 3.5%10° 4.0 x 10° 4.5x10° 50x10°
[mm] 84 73 66 61 57
Diameter ratio [%] 38 33 30 28 26

—e— Reaction supporting position on various stiffness —m- Df/2 -+~ D/3
300 mm

250 mm
- -!——l-—l-—-l——l——l—--l-—l-—l
200 mm

150 mm $~ﬂ-@k‘;.;—%~--=‘m€?"" el
10 mm “\"\o\.__._‘
50 mm

0Omm
4.0E+07 1.0E+09 2.0E+09 3.0E+09 4.0E+09 5.0E+09

Stiffness of reaction supporting position [N/m]

Fig. 3.7 Bearing reaction supporting position on various stiffness
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Table 3.12 Shafting system specifications of 82,000 CBM class LPG carrier

Vessel type

82,000 CBM class LPG carrier

Main engine

MAN B&W 6S60MC-C, MCR 13,570 kW at 105 rpm

Crankshaft diameter (O.D./1.D.)

720 mm / 150 mm

Intermediate shaft diameter

320 mm x 10,500 mm

Propeller shaft diameter

565 mm x 7,624 mm

Propeller

4 blade fixed pitch, Dia. 7,000 mm

e L7 %

Table 3.13 Initial state bearing reaction supporting position

Fig. 3.8 Shaft alignment modeling of 82,000 CBM class LPG carrier

G

[T

e

Bearing Position Design- offset Bearing load Pressure
[mm] [mm] [N] [MPa]
Aft S/T Brg. 2,262 0.00 350,205 0.58
Fwd. S/T Brg. 5,965 0.00 53,155 0.25
Int. Brg. 12,540 -3.53 73,628 0.49
M/E Brg. #8 18,592 -5.18 26,095 0.16
M/E Brg. #7 19,450 -5.18 79,720 0.48
M/E Brg. #6 20,470 -5.18 162,966 1.8
M/E Brg. #5 21,490 -5.18 152,614 1.69
M/E Brg. #4 22,510 -5.18 187,852 2.08
MJE Brg. #3 23,530 -5.18 55,584 0.61

- 55 -

Collection @ kmou




Table 3.14 Calculation of theorical bearing reaction supporting position

Bearing Xi Fi Xi x Fi Xi X Fi/ Frotoal

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 85,298 0 0
Aft S/T Brg. #2 119 71,426 8,499,694 25
Aft S/T Brg. #3 238 58,401 13,899,438 41
Aft S/T Brg. #4 357 46,239 16,507,323 48
Aft S/T Brg. #5 476 34,943 16,632,868 49
Aft S/T Brg. #6 594 24,499 14,552,406 43
Aft S/T Brg. #7 713 14,888 10,615,144 31
Aft S/T Brg. #3 832 6,080 5,058,560 15
Aft S/T Brg. #9 951 0 0 0
Aft S/T Brg. #10 1,070 0 0 0
Frotoal 341,774 Calculated reaction position [mm] 251

Table 3.15 Calculated bearing reaction supporting position

Bearing Position Design offset Bearing load Pressure
[mm] [mm] [N] [MPa]

Aft S/T Brg. 2,231 0.00 347,118 0.57
Fwd. S/T Brg. 5,965 0.00 56,373 0.27
Int. Brg. 12,540 -3.53 73,448 0.49
M/E Brg. #8 18,592 -5.18 26,274 0.16
M/E Brg. #7 19,450 -5.18 79,590 0.48
M/E Brg. #6 20,470 -5.18 162,965 1.80
M/E Brg. #5 21,490 -5.18 152,615 1.69
M/E Brg. #4 22,510 -5.18 187,852 2.08
M/E Brg. #3 23,530 -5.18 55,584 0.61
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400,000
350,000
300,000
=
- 250,000
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= 150,000
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100,000
50,000
0 .
AFt5/T Fwd. Int. Br M/E M/E ME M/E M/E M/E
Brg. | S/T Brg. <O Brg. #3 | Brg.#7 | Brg. #6 | Brg.#5 | Brg.#4 | Brg. #3
W Initial state| 350,205 | 53,155 73,628 | 26,095 | 79,720 | 162,966 | 152,614 | 187,852 | 55,584
® Calculation| 347,118 | 56,373 73,448 | 26,27 | 79,590 (162,965 | 152,615 | 187,852 | 55,584

Fig. 3.9 Comparison chart of bearing load on bearing reaction supporting position

Table 3.16 Bearing reaction supporting position ratio at various stiffness

Reaction supporting

Stiffness of reaction supporting position [N/my]

position 5.0x10° 1.0 x 10° 1.5 % 10° 2.0 % 10° 2.5%10°
[mm] 423 356 294 251 220
Diameter ratio [%] 150 126 104 89 78
Reaction supporting Stiffness of reaction supporting position [N/m]
position 3.0x10° 3.5x10° 4.0x%10° 4.5x10° 50x10°
[mm] 198 181 167 153 144
Diameter ratio [%)] 70 64 59 54 51
- 57 -
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——Reaction supporting position on various stiffness —=B= D/2 -+~ D/3
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Fig. 3.10 Bearing reaction supporting position on various stiffness
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Table 3.17 Shafting system specifications of 6,500 TEU container

Vessel type

6,500 TEU container

Main engine

MAN B&W 10K980ME-C, MCR 57,100 kW at 104 rpm

Crankshaft diameter (O.D./1.D.)

1,062 mm / 150 mm

Intermediate shaft diameter

745 mm x 24,870 mm

Propeller shaft diameter

905 mm x 12,152 mm

Propeller

6 blade fixed pitch, Dia. 8,400 mm

< - i
0 3 a2 )
Fig. 3.11" Shaft alignment modeling of 6,500 TEU container
Table 3.18 Initial state bearing reaction supporting position
Bearing Position Design offset Bearing load Pressure

[mm] [mm] IN] [MPa]
Aft S/T Brg. 3,412 0.00 1,227,880 0.68
Fwd. S/T Brg. 10,387 0.00 88,546 0.11
Int. Brg. #1 18,662 -1.85 352,285 0.73
Int. Brg. #2 29,637 -3.85 388,908 0.81
MJE Brg. #12 37,847 -5.00 223,018 0.50
MJE Brg. #11 38,867 -5.00 388,857 0.87
M/E Brg. #10 40,617 -5.00 494,590 1.6
M/E Brg. #9 42,367 -5.00 481,274 1.56
M/E Brg. #8 44,117 -5.00 487,433 1.58
M/E Brg. #7 45,867 -5.00 467,392 1.52
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Table 3.19 Calculation of theorical bearing reaction supporting position

Bearing Xi Fi Xi x Fi Xi X Fi/ Frotoal

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 255,368 28,346 0
Aft S/T Brg. #2 222 220,315 48,934,385 39
Aft S/T Brg. #3 444 187,503 83,272,145 66
Aft S/T Brg. #4 667 157,024 104,752,438 84
Aft S/T Brg. #5 889 128,915 114,619,745 92
Aft S/T Brg. #6 1,111 103,167 114,629,989 92
Aft S/T Brg. #7 1,333 79,738 106,299,605 85
Aft S/T Brg. #3 1,556 58,555 91,118,080 73
Aft S/T Brg. #9 1,778 39,529 70,286,950 56
Aft S/T Brg. #10 2,000 22,553 45,108,503 36
Frotoal 1,252,667 Calculated reaction position [mm] 622

Table 3.20 Calculated bearing reaction supporting position

Bearing Position Design offset Bearing load Pressure
[mm] [mm] [N] [MPa]

Aft S/T Brg. 2,044 0.00 1,312,189 0.72
Fwd. S/T Brg. 6,469 0.30 0 0.00
Int. Brg. #1 12,044 -3.10 356,768 0.74
Int. Brg. #2 19,244 -6.85 388,532 0.81
M/E Brg. #12 25,656 -8.20 223,531 0.5
M/E Brg. #l1 26,514 -8.20 388,480 0.87
M/E Brg. #10 27,534 -8.20 494,581 1.6
M/E Brg. #9 28,554 -8.20 481,276 1.56
M/E Brg. #8 29,574 -8.20 487,433 1.58
M/E Brg. #7 30,594 -8.20 467,392 1.52
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B Calculation| 1,312,1 o 356,768 | 388,532 223,531 | 338,480 (494,581 (481,276 | 487,433 | 467,392

Fig. 3.12 Comparison chart of bearing load on bearing reaction supporting position

Table 3.21 Bearing reaction supporting position ratio at various stiffness

Reaction supporting

Stiffness of reaction supporting position [N/m)]

position 5.0 % 10" 1.0 x 10° 1.5 % 10° 2.0 x 10° 2.5%x10°
[mm] 838 761 689 622 559
Diameter ratio [%)] 185 168 152 137 123
Reaction supporting Stiffness of reaction supporting position [N/m)]
position 3.0x10° 3.5x10° 4.0x%10° 4.5x%10° 50x10°
[mm] 507 465 432 403 381
Diameter ratio [%)] 112 103 96 89 84
- 42 -
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—&—Reaction supporting position on various stiffness —@=Df2 -+- D/3
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Fig. 3.13 Bearing reaction supporting position on various stiffness

325 B2t And 35 wojF o] HFAAY 4

- Table 3.228} 201, Fig. 3.14%= o] Aule] =7 &
4 Mo mdy AHRE HAFH AT FHHdoz wWl dze MAN B&WALS

6STOME-C o, Hof A% 235 9lpmolA 16,350kwolth Tz o] G 49, 27
< 9F 80m, 1Y FF 2

& e e st of 41,570 kefolth. FANA zEd %
2173 665 mm, A°] 7,766 mm °|t, k&L shfolr A7 570 mm, Zo] 8,072 mm= M3l g
=& A9fskaL oF 15.8me] ZolE 7tk

|

A7

314 o] A3}+E Table 323914 YeERA

|
Ae MuZoA 332mm "ol X7}
D/2)2] Yx|olt}y. YubAQl Hk x| |4

oo
An,
32
o
B
o
X rir
&
fru
)
v
A
lo
03
o
A
R:3
El
o
rg
10

Avl 5 o) o] MEAAY s Brsly] el Advjd T wlojRs F&ste] A A
s T 2= Table 32401 YERL Ut} s e AAHI} AAH o] 72l= 160
mme| ™, £LE wojg AAHoA wHo] 2gsl= B2 1WA 9H7EA, FAH o= A
Aol shgo] Agstal the Ae AJAL 5 lon, ol Z2do| T Hlg Z=dH
of TFol A gor A = Z FAYS AUT 5 Uk B Anjd FF ujo|F e
27

AR AvZA of 374mmE Z2Ae5e A7 wwstd oF (D/1.78)¢] Aot

[

_63_

Collection @ kmou



=

b 2 AReitdel Aol 9iEdd 24 89 FolAM (D)9t Bt Hﬂ°1 38 A

=2
>
©
S
[\
%
X
R
e
N
N
v
rr
po)
o
ot
ro
ok
3R
&
o
rlr
112
2
s
X
N
™
o
=
2
)
E‘.
_lE.
R
N
2l
o
2d

Table 3.25014& WA R v S8 wojg o] WEAH R ME A Y |4 AHE
UERAT, Fig. 3155 An|# S5 wlojg o] w25 go] 27| e wie} g3 AejellA 2
Zkol FA AE A AAE vlwstal gty Ml 5 wo"H o s oF 2% (12,000 N)e}F A
5 el A oF 15% (14,000 N)°] ztolvks A S o ok =3 S5 wod oA
oF 59 (7400N)&F HEHE wlQl AR wlojHolA F 4% (5400N)°0] 2polu= AL gelg &=
O‘D}. T2 Hlojg oA o] HAtE Aobx] FAT 4= Qle Arlolth ol & Af-enkie] dn#

5owojg o] AR Ho] A A Mo AAFeR TS e AoE FIE £ 9l
=3

oy A= A Wste] w2 T wojd) wiEz x| WSS Table 3.267} Fig. 3.16914
UERATE Table 3.26> 22 wloj® AR AellA o] Wy Ara S5 wjojg o] vhEAAH

o}.i =2

A]
= Z2HHS A4 B2 et ok B ARl Bl Fig 316004 BoFE= 2
7 2ol Wl AR Aol 2.5 x 10’ Nme gl A A== Hefol A, wlojd A= Z4dol
20x10°N/mE& 7122 #7130 Table 3.269014 ZARZ 112 %2 AEE Hojy gz
Aol s Sl fjA1skaL °)J:}— As G 5 Atk ol Aol= A MFo| glot
= 7H8 shllA, & AddtellMe] SA FE A Aol Aud wloi oM AAg AA 2A
 Hlo)g e skFo] Aol A & 91‘4% Ag 52 = Ut

Table 3.22 Shafting system specifications of 120,000 DWT class product carrier

Vessel type 120,000 DWT class product carrier
Main engine MAN B&W 6S70ME-C, MCR 16,350 kW at 91 rpm
Crankshaft diameter (O.D./I.D.) | 840m / 150 mm
Intermediate shaft diameter 570 mm x 8,072 mm
Propeller shaft diameter 665 mm x 7,766 mm
Propeller 4blade fixed pitch, Dia. 8,000 mm
- b4 -
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Fig. 3.14 Shaft alignment modeling of 120,000 DWT class product carrier

Table 3.23 Initial state bearing reaction supporting position

Bearing Position Design offset Bearing load Pressure
[mm] [mm] [N] [MPa]
Aft ST Brg. 2,604 0.00 567,171 0.59
Int. Brg. 8,942 -0.61 93,164 0.43
M/E Brg. #8 16,386 -2.61 59,723 0.26
M/E Brg. #7 17,386 -2.61 132,252 0.58
M/E Brg. #6 18,575 -2.61 249,394 2.03
MJE Brg. #5 19,765 -2.61 234,115 1.90
M/E Brg. #4 20,955 -2.61 288,016 2.34
M/E Brg. #3 22,145 -2.61 85,233 0.69

Table 3.24 Calculation of theorical bearing reaction supporting position
Bearing Xi Fi Xi x Fi Xi X Fi/ Frotal

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 132,544 0 0
Aft S/T Brg. #2 160 111,846 17,895,360 32
Aft S/T Brg. #3 320 92,548 29,615,360 52
Aft S/T Brg. #4 480 74,694 35,853,120 63
Aft S/T Brg. #5 640 58,294 37,308,160 66
Aft S/T Brg. #6 800 43,329 34,663,200 61
Aft S/T Brg. #7 960 29,763 28,572,480 50
Aft S/T Brg. #8 1,120 17,542 19,647,040 35
Aft S/T Brg. #9 1,280 6,606 8,455,680 15
Aft S/T Brg. #10 1,440 0 0 0
Frotoal 567,166 Calculated reaction position [mm] 374
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Table 3.25 Calculated bearing reaction

supporting position

) Position Design offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft ST Brg. 2,044 0.00 579,222 0.6
Int. Brg. 6,469 0.30 79,152 0.36
M/E Brg. #8 12,044 -3.10 67,100 0.29
M/E Brg. #7 19,244 -6.85 126,839 0.56
M/E Brg. #6 25,656 -8.20 249,392 2.03
M/E Brg. #5 26,514 -8.20 234,115 1.90
M/E Brg. #4 27,534 -8.20 288,016 2.34
M/E Brg. #3 28,554 -8.20 85,233 0.69
700,000
600,000
. 500,000
=
& 400,000
s
[+51]
£ 300,000
§
8 700,000
100,000 I
0 AFLST N M/E Brg. | M/E Brg. | M/E Brg. | M/E Brg. | M/E Brg. | M/E Brg.
Brg. - 218 8 #7 #6 #5 s #3
| Initial state| 567,171 | 93,164 | 59,723 | 132,252 | 249,394 | 234,115 | 288,016 | 85,233
W Calculation| 579,222 | 79,152 | 67,100 | 126,839 | 249,392 | 234,115 | 288,016 | 85,233

Fig. 3.15 Comparison chart of bearing load on bearing reaction supporting position
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Table 3.26 Bearing reaction supporting position ratio at various stiffness

Reaction supporting Stiffness of reaction supporting position [N/m]
position 50x10° 1.0x 10° 1.5% 10° 2.0 10° 2.5%10°
[mm] 585 505 434 374 331
Diameter ratio [%] 176 152 131 112 100
Reaction supporting Stiffness of reaction supporting position [N/m]
position 3.0x10° 3.5%10° 4.0 x 10° 45x10° 50x%10°
[mm] 298 275 253 237 223
Diameter ratio [%] 90 83 76 71 67

—&—Reaction supporting position on various stiffness == D/2 -+- D/3

700 mm

600 mm

500 mm

400 mm

300 mm

200 mm

100 mm
4.0E+07 1.0E+09 2.0E+09 3.0E+09 4.0E+09 5.0E+09

Stiffness of reaction supporting position [N/m]

Fig. 3.16 Bearing reaction supporting position on various stiffness
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Table 3.27 Shafting system specifications of 320,000 DWT class crude oil tanker

Vessel type

320,000 DWT class crude oil tanker

Main engine

WARTSILA 7RT-flex84T-D, MCR 29,350 kW at 76 rpm

Crankshaft diameter (O.D./1.D.)

980 mm

Intermediate shaft diameter

670 mm x 9,230 mm

Propeller shaft diameter

815 mm x 10,005 mm

Propeller

4blade fixed pitch, Dia. 10,000 mm

JDI L7 I T

Fig. 3.17 Shaft alignment modeling of 320,000 DWT class crude oil tanker

Table 3.28 Initial state bearing reaction supporting position

Bearing Position Design offset Bearing load Pressure
[mm] [mm] [N] [MPa]
Aft ST Brg. 2,757 0.00 958,570 0.65
Fwd. ST Brg. 8,010 0.00 142,259 04
Int. Brg. 13,305 -2.49 146,201 0.39
M/E Brg. #1 20,105 -4.55 18,505 0.24
M/E Brg. #2 21,105 -4.55 450,154 5.74
M/E Brg. #3 22,605 -4.55 370,664 8.39
M/E Brg. #4 24,105 -4.55 439,730 9.95
M/E Brg. #5 25,605 -4.55 151,690 343
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Table 3.29 Calculation of theorical bearing reaction supporting position

Bearing Xi Fi Xi x Fi Xi X Fi/ Frotoal

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 208,311 0 0
Aft S/T Brg. #2 201 178,620 35,902,620 37
Aft S/T Brg. #3 402 150,813 60,626,826 62
Aft S/T Brg. #4 603 124,985 75,365,955 77
Aft S/T Brg. #5 804 101,180 81,348,720 83
Aft S/T Brg. #6 1,006 79,402 79,878,412 81
Aft S/T Brg. #7 1,207 59,625 71,967,375 73
Aft S/T Brg. #3 1,408 41,799 58,852,992 60
Aft S/T Brg. #9 1,609 25,856 41,602,304 42
Aft S/T Brg. #10 1,810 11,721 21,215,010 22
Frotoal 982,312 Calculated reaction position [mm] 536

Table 3.30 Calculated bearing reaction supporting position

Bearing Position Design offset Bearing load Pressure
[mm] [mm] [N] [MPa]
Aft ST Brg. 3,021 0.00 1,015,228 0.69
Fwd. ST Brg. 8,010 0.00 78,809 0.22
Int. Brg. 13,305 -2.49 154,526 0.42
M/E Brg. #1 20,105 -4.55 12,920 0.16
M/E Brg. #2 21,105 -4.55 454,201 5.79
M/E Brg. #3 22,605 -4.55 370,671 8.39
M/E Brg. #4 24,105 -4.55 439,728 9.95
M/E Brg. #5 25,605 -4.55 151,690 343
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1,200,000
1,000,000
=
= 200,000
L]
Q
-
= 600,000
&
7]
@ 400,000
200,000
; = B i 1
Aft ST Fwd. 5T i, B M/E Brg. | M/E Brg. | M/E Brg. | M/E Brg. | M/E Brg.
Brg. Brg. e #1 #2 #3 #4 #5
B Initial state| 958,570 | 142,259 | 146,201 | 18,505 | 450,154 | 370,664 | 439,73¢ | 151,690
u Calculation| 1,015,228 | 78,809 | 154,526 | 12,920 | 454,201 | 370,671 | 439,728 | 151,690

Fig. 3.18 Comparison chart of bearing load on bearing reaction supporting position

Table 3.31 Bearing reaction supporting position ratio at various stiffness

Reaction supporting Stiffness of reaction supporting position [N/m]
position 5.0x 10° 1.0 x 10° 1.5%10° 2.0 % 10° 2.5x10°
[mm] 735 666 600 536 477
Diameter ratio [%)] 180 163 147 132 117
Reaction supporting Stiffness of reaction supporting position [N/m]
position 3.0x10° 3.5x10° 4.0 x 10° 4.5x10° 50x10°
[mm] 433 399 368 346 325
Diameter ratio [%] 106 98 90 85 80
- 71 -
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—— Reaction supporting position on various stiffness —B= D/2 -+- D/3

800 mm

700 mm ...

600 mm
500 mm

400 mm l-—-l--l—-l—-l--

200 mm D e e e e s st ST P

200 mm

100 mm

4.0E+07 1.0E+09 2.0E+09 3.0E+09 4.0E+09 5.0E+09

Stiffness of reaction supporting position [N/m]

Fig. 3.19 Bearing reaction supporting position on various stiffness
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Table 4.1 Categorization by vessel classes

Vessel classes
1 100,000 DWT class tanker
2 150,000 DWT class tanker
300,000 DWT class tanker
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Table 4.2 Propeller specification for 100,000 DWT class tankers before EEDI

Size Engine Power | Speed Dia. Pitch | Weight | P/S Dia.

[DWT] [Model] (kW] | [rpm] | [mm] | [mm] | ([kef] [mm]

1 105,000 6S60MC-C 13,560 | 105.0 | 7,200 | 4,751 | 25,613 570

2 111,000 6S60ME-C 13,350 98.4 7,400 | 4,966 | 29,010 580

3 114,000 7S60MC-C 14,326 | 1050 | 7,300 | 4,813 | 29,747 575
4 114,000 6S60MC-C 14,280 | 1050 | 7,200 | 5,018 | 29,099 580

5 115,000 6S60MC-C 13,280 | 1050 | 7,200 | 4,836 | 26,100 575
Avg. | 112,000 - 13,759 | 1040 | 7,260 | 4,877 | 28,367 576
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Table 4.3 Propeller specification for 100,000 DWT class tankers after EEDI

Size Engine Power | Speed Dia. Pitch | Weight | P/S Dia.

[DWT] Modell | [kW] | [ipm] | [mm] | [mm] | [kef] | [mm]
1 113,000 6G6OME-C 11,494 77.0 8200 | 6,528 | 31,080 630
2 114,000 W6X62 11,400 83.7 8,000 | 5,284 | 32,037 570
3 114,000 6G60ME-C 11,494 71.0 8,200 | 6,328 | 31,130 630
4 115,000 6G60ME-C 11,350 80.0 8,000 | 6,194 | 30,290 590
5 115,000 6G6OME-C 11,200 77.0 8,000 | 6,495 | 31,316 590

Avg. 114,000 - 11,388 79.0 8,080 | 6,166 | 31,171 602
i Before EEDI After EEDI  —#—Before EEDI Average  =#=—After EEDI Average
15,000 kW

110 rpm

100 rpm

90 rpm

80 rpm

70 rpm

14,000 kW
L [ " =
13,000 kW
12,000 kW
11,000 kW - e
10,000 kW
1 2 3 4 5

60 rpm

Fig. 4.1 Power on different vessels

s Before EEDI | After EEDI  —&—Before EEDI Average =—e—After EEDI Average

1 2 3 4 5
Fig. 4.2 Shaft speed on different vessels
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8,400 mm
8,200 mm
8,000 mm
7,800 mm
7,600 mm
7,400 mm
7,200 mm
7,000 mm

7,000 mm
6,500 mm
6,000 mm
5,500 mm
5,000 mm
4,500 mm

4,000 mm

34,000 kef
32,000 kef
30,000 kgf
28,000 kgf
26,000 kef

24,000 kgf

[ Before EEDI After EEDI —#—Before EEDI Average =—e—After EEDI Average

P =t

Fig. 4.3 Propeller diameter on different vessels

s Before EEDI | After EEDI  ~is— Before EEDI Average =—e= After EEDI Average
~— ® _ ® *

Y

Fig. 4.4 Propeller pitch on different vessels

s Before EEDI After EEDI —#—Before EEDI Average =—e—After EEDI Average
& @ o & @
1 2 3 4 5

Fig. 4.5 Propeller weight on different vessels
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Fig. 4.6 Propeller shaft diameter on different vessels
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Table 4.4 Propeller specification for 150,000 DWT class tankers before EEDI

Size Engine Power | Speed Dia. Pitch | Weight | P/S Dia.

[DWT] [Model] W] | [pm] | [mm] | [mm] | [kef] | [mm]
1 150,000 6S70MC-C 19,620 91.0 8,200 | 5912 | 43,145 665
2 158,000 6S70ME-C 18,660 91.0 8,350 | 5,954 | 40411 655
3 158,000 6S70MC-C 18,660 91.0 8,200 | 5,957 | 43,330 660
4 159,000 6S70ME-C 18,215 91.0 8,350 | 6,141 | 44,530 655
5 165,000 6S70ME-C 18,660 91.0 8,200 | 5,902 | 40,499 655

Avg. | 158,000 - 18,763 91.0 8,260 | 5973 | 42,854 659
Table 4.5 Propeller specification for 150,000 DWT class tankers after EEDI
Size Engine Power | Speed Dia. Pitch | Weight | P/S Dia.

[DWT] [Model] (kW] | [rpm] | [mm] | [mm] | ([kgf] [mm]
1 156,000 6G70ME-C 15,310 70.8 8,900 | 7,144 | 38210 670
2 157,000 6G70ME-C 15,100 72.0 9,000 | 6,925 | 38,060 675
3 158,000 6G70ME-C 15,210 714 9,000 | 6,587 | 44,232 690
4 158,000 6G70ME-C 15,088 71.8 9,000 | 6,989 | 46,876 660
5 158,000 W6X72 16,160 76.5 8,800 | 6,369 | 41,708 665

Avg. | 157,000 - 15,374 73.0 8,940 | 6,803 | 41817 672
mmm Before EEDI @0 After EEDI =& Before EEDI Average  —a—After EEDI Average
21,000 kw
19,000 kw ==
17,000 kw
15,000 kw |
13,000 kw
1 2 3 4 5

Fig. 4.7 Power on different vessels
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mmm Before EEDI oo After EEDI —#-—Before EEDI Average == After EEDI Average

100 rpm

S0 rpm
80 rpm
70 rpm —— R i E—
60 rpm . . : .
1 2 3 4 5

Fig. 4.8 Shaft speed on different vessels

m Before EEDI ‘After EEDI —<i—Before EEDI Average  —e=After EEDI Average
8,500 mm
9,000 mm [ : »— 9
8,500 mm = " ‘ S ] ||
- P ) -
8,000 mm —
7,500 mm
1 2 3 4 5
Fig. 4.9 Propeller diameter on different vessels
mmm Before EEDI = After EEDI  —w—Before EEDI Average == After EEDI Average
7,300 mm
7,000 mm
@ & @ & @
6,500 mm
. | | i ' | . | i
5,500 mm J . . : . !
1 2 3 4 5

Fig. 4.10 Propeller pitch on different vessels
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Fig. 4.11 Propeller weight on different vessels
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Fig. 4.12 Propeller shaft diameter on different vessels
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30261 kW AEo 88 7IXw glow, Zzdy HAL 100m, ZEHY IAE 68molH,
2y FHE U 760ton ©|th =3 Z2HHE AL 26 mm AELS AT F Tt
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EEDI®| &l M2 Fx5A 8l =2 ek 27 W3sE A Ad A% &9, A

& 29 3=, EE%‘E% 27, Z2Ae vx|, zeAdy FF g1 z288% 70 w2t
lsti o, o]:= Fig. 413914 Fig. 4.18914 X nle}l 7Ho] Table 4.62] EEDI A& o] A
Hk3} Table 4.79] EEDI 28 $o] Aute] vlw ZAE JehHUTh EEDIS] A& o Fof e} 9l

A Aol A4 299 IHTE 4 18%S 16% wastdon zaHAze] A4y fX& 7t
ZF 6% 20% A= 7PF HAwS U ok 2y Zede $FE 1% A% Fa
st} 273} ) @Wsle)] tinlsied 2 WHEl gle Aoz 3ol HY ZzHAFo 7
AN O 1% 7HE S7kste] 2y S8 Wstel o] Wyt nRg A &+ AUk

Table 4.6 Propeller specification for 300,000 DWT class tankers before EEDI

Size Engine Power | Speed Dia. Pitch | Weight | P/S Dia.
[DWT] [Model] (kW] | [rpm] | [mm] | [mm] | [kef] [mm]
1 312,000 | 7RT-flex84T-D | 29,424 76.0 | 10,000 | 7,213 | 71,993 815
2 314,000 7RTAS82T 31,640 80.0 | 10,100 | 6,248 | 74,948 820
3 318,000 TRT-flex82T | 31,640 80.0 | 10,000 | 6,897 | 83,691 820
4 319,000 6S90MC-C 29,340 76.0 9,900 | 7,006 | 75,601 850
5 320,000 7S80ME-C 29,260 78.0 9,900 | 6,574 | 74,967 825
Avg. | 317,000 - 30,261 78.0 9,980 | 6,788 | 76,240 826

Table 4.7 Propeller specification for 300,000 DWT class tankers after EEDI

Size Engine Power | Speed Dia. Pitch | Weight | P/S Dia.
[DWT] [Model] kW] | [rpm] | [mm] | [mm] | [kgf] [mm]
1 300,000 7G8OMC-C 24,000 65.0 | 10,600 | 8,229 | 69,800 795
2 300,000 W7X82 24,020 65.7 | 10,600 | 7,595 | 72,675 815
3 300,000 7TG8OME-C 24,360 65.0 | 10,600 | 8,532 | 74,020 825
4 300,000 7G80ME-C 26,460 66.0 | 10,700 | 8,025 | 83,506 830
5 319,000 7G80ME-C 25,330 64.0 | 10,600 | 8,234 | 76,755 825
Avg. | 304,000 - 24,834 65.0 | 10,620 | 8,123 | 75,351 818
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Fig. 4.13 Power on different vessels
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Fig. 4.14 Shaft speed on different vessels
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Fig. 4.15 Propeller diameter on different vessels
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Fig. 4.16 Propeller pitch on different vessels
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Fig. 4.17 Propeller weight on different vessels
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Fig. 4.18 Propeller shaft diameter on different vessels
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EEDIZ} 4-857] 71¢] Anjgt 5 wo]g o] whE x| A Aol gk % 71= 105,000 DWT, 111,000
DWT 18] 115000 DWT F2AS tho® stgon, And 3 wojgo wlgx =¥ of
3 #14] Ad}= ZH2: Table 4.9, Table 4.10, Table 4.11°] LERARATE 105,000 DWT 2412 7
T, AME ARG e] Mdrjd SR wojge] MRS OoRRH 249mme Aol jlew o=
2925 273 Hwgls w, oF D228 At ¥ 111,000 DWT 249 -9, 314

g o ZE uojge] AnZ02HE 251 mme] YX|d Yon o= Ty

% 27 vuS o, oF D231 $AE gtk 183 115000 DWT fr&A e A9+ 14

= AR Aol Adujg 5 wo]R o] AwZ o2 RE 261 mme] YA YoH o]

°F DR21° A8t Utk WrtE RS ERE e BAHd A

v S5 wojF o] wEAAH L wWojF e v ZellA 245 mmol
bl

e
o
R=)
12
)
N
[\)
N
2
e}
N
ok
&
X2
rr
PR
lo
il
ot
r o
o
8
O

EEDI7} AEH $Fof AMuldt 7 wojgo] wEAAH g 7= 114,000 DWT (1),
114,000 DWT (2) 8]l 115,000 DWT 24 o= st o, And S5 w7
W 2]z ol] th3k 3j4 A= 247 Table 4.13, Table 4.14, Table 4.15°] YERAATE 114,000
DWT (1) &4 A sida gz o] Aduldt 7 wojge] HAnE 02 RE 210 mmo]

AA e o, ol x2HZ A vwPe o, oF D2.95] X5, 114,000 DWT (2)
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Table 4.8 Shafting system specifications of 100,000 DWT class before EEDI

Vessel types
1 105,000 DWT crude oil tanker (6S60MC-C, 13,560 kW x 105.0 rpm)
2 111,000 DWT crude oil tanker (6S60MC-C, 13,350 kW x 98.4 rpm)
3 115,000 DWT crude oil tanker (7S60MC-C, 14,310 kW x 105.0 rpm)
- 85 -
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Table 4.9 Calculation of bearing reaction supporting position of 105,000 DWT crude oil tanker

. Xi Fi Xi x Fi Xi % Fi/ Frotoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 84,768 0 0
Aft S/T Brg. #2 119 70,978 8,446,382 25
Aft S/T Brg. #3 238 58,012 13,806,856 41
Aft S/T Brg. #4 357 45,887 16,381,659 48
Aft S/T Brg. #5 476 34,601 16,470,076 49
Aft S/T Brg. #6 594 24,142 14,340,348 42
Aft S/T Brg. #7 713 14,487 10,329,231 31
Aft S/T Brg. #8 832 5,610 4,667,520 14
Aft S/T Brg. #9 951 0 0 0
Aft S/T Brg. #10 1,070 0 0 0
Frotoal 338,485 Diameter ratio [%] 228

Calculated bearing reaction supporting position [mm)] ‘ 249

Table 4.10 Calculation of bearing reaction supporting position of 111,000 DWT crude oil tanker

) Xi Fi Xi x Fi Xi X Fi/ Frotoal
Bearing
[mm] IN] [Nmu] [mm]

Aft S/T Brg. #1 0 118,814 0 0
Aft S/T Brg. #2 139 97,496 13,551,944 32
Aft S/T Brg. #3 278 77,402 21,517,756 50
Aft S/T Brg. #4 417 58,559 24,419,103 57
Aft S/T Brg. #5 556 40,957 22,772,092 53
Aft S/T Brg. #6 694 24,568 17,050,192 40
Aft S/T Brg. #7 833 9,344 7,783,552 18
Aft S/T Brg. #8 972 0 0

Aft S/T Brg. #9 L1 0 0

Aft S/T Brg. #10 1,250 0 0

Frotoat 427,140 Diameter ratio [%] 231

Calculated bearing reaction supporting position [mm)] ‘ 251
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Table 4.11 Calculation of bearing reaction supporting position of 115,000 DWT crude oil tanker

) Xi Fi Xi x Fi Xi X Fi/ Froal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 99,252 0 0
Aft S/T Brg. #2 127 82,690 10,501,630 27
Aft S/T Brg. #3 253 67,183 16,997,299 44
Aft S/T Brg. #4 380 52,752 20,045,760 51
Aft S/T Brg. #5 507 39,394 19,972,758 51
Aft S/T Brg. #6 633 27,092 17,149,236 44
Aft S/T Brg. #7 760 15,815 12,019,400 31
Aft S/T Brg. #3 887 5,527 4,902,449 13
Aft S/T Brg. #9 1,013 0 0 0
Aft S/T Brg. #10 1,140 0 0 0
Frotoal 389,705 Diameter ratio [%] 221

Calculated bearing reaction supporting position [mm)]

261

Table 4.12 Shafting system specifications of 100,000 DWT class after EEDI

Vessel types

114,000 DWT crude oil tanker (1) (W6X62, 11,400 kW x 83.7 rpm)

114,000 DWT crude oil tanker (2) (6G60ME-C, 11,494 kW x 77.0 rpm)

115,000 DWT crude oil tanker (6G60OME-C, 11,200 kW x 77.0 rpm)
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Table 4.13 Calculation of bearing reaction supporting position

of 114,000 DWT crude oil tanker (1)

] Xi Fi Xi x Fi Xi X Fi/ Frotoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 103,870 0 0
Aft S/T Brg. #2 121 86,286 10,440,606 23
Aft S/T Brg. #3 242 69,719 16,871,998 38
Aft S/T Brg. #4 363 54,188 19,670,244 44
Aft S/T Brg. #5 484 39,692 19,210,928 43
Aft S/T Brg. #6 606 26,213 15,885,078 36
Aft S/T Brg. #7 727 13,723 9,976,621 22
Aft S/T Brg. #8 848 2,187 1,854,576 4
Aft S/T Brg. #9 969 0 0
Aft S/T Brg. #10 1,090 0 0
Frotoal 395,878 Diameter ratio [%] 295

Calculated bearing reaction supporting position [mm)]

210

Table 4.14 Calculation of bearing reaction

supporting position of 114,000 DWT crude oil tanker (2)

) Xi Fi Xi x Fi Xi x Fi / Frotoa
Bearing

[mm] N] [Nmm] [mm]
Aft S/T Brg. #1 0 119,766 0 0
Aft S/T Brg. #2 140 98,717 13,820,380 32
Aft S/T Brg. #3 280 78,678 22,029,840 51
Aft S/T Brg. #4 420 59,659 25,056,780 58
Aft S/T Brg. #5 560 41,645 23,321,200 54
Aft S/T Brg. #6 700 24,604 17,222,800 40
Aft S/T Brg. #7 840 8,491 7,132,440 17
Aft S/T Brg. #8 980 0 0
Aft S/T Brg. #9 1,120 0 0
Aft S/T Brg. #10 1,260 0 0
Frotoal 431,560 Diameter ratio [%] 250

Calculated bearing reaction supporting position [mm]

252
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Table 4.15 Calculation of bearing reaction supporting position of 115,000 DWT crude oil tanker

) Xi Fi Xix Fi Xi x Fi / Frogoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 108,589 0 0
Aft S/T Brg. #2 140 88,075 12,330,500 33
Aft S/T Brg. #3 280 68,699 19,235,720 52
Aft S/T Brg. #4 420 50,482 21,202,440 57
Aft S/T Brg. #5 560 33,418 18,714,080 51
Aft S/T Brg. #6 700 17,484 12,238,800 33
Aft S/T Brg. #7 840 2,641 2,218,440
Aft S/T Brg. #8 980 0 0
Aft S/T Brg. #9 1,120 0 0
Aft S/T Brg. #10 1,260 0 0
Frotoal 369,388 Diameter ratio [%] 254

Calculated bearing reaction supporting position [mm)] ‘ 233

Hlo] g2 WHEAIAY &y

= owjojge]
Fo) M) %

4.2.2 150,000 DWTF G249 Mujg Sx

TH&-] Table 4.162 EEDI7} 2857 Ao An#d &
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Aol tigt sl e v HRE eRd
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EEDI7} 288 9 4w Hojge] WA A tig P7kH= 158,000 DWT (1),
158,000 DWT (2), 21213 158,000 DWT (3) #FA1S U2 sty o, Au)d T8 oy
o] WX A Hol th3t sf|4] A= ZHZ: Table 4.21, Table 4.22, Table 4.23°] YERHRITE 158,000
DWT (1) fr249 7%, diAg w2 o] Muj S5 wojg)e] MujZo 2 HE] 348 mmo]
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A WA o] Ard 7 wlojg o] MuZo R 362mme] A 3

ol ZEAHZE Q7 HwyS u, oF D840l YEa Yot FrHE FRAOCZRE
H A s AvEd, sdE And $R owojge] wkEA A wojge An|
346 mmol] 91X5, T2AHE A4 vwds u oF DL AXFL YE A

1%

(o

EEDIY] 2o w2 Z2hd A7 W37} 150,000 DWTH F3249 A4 A vHe 4
e v FH o] o] gAY o R IS RH EEDI X*% o] g+t
o] MHAAYLe Mu|=0 £RE 345mmo| T, EEDI & %9 HF Aln|
WA M MujE o2 HE demmolSith ol ZEH# S A4 vugs o, o 24 %9
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of g FA Ee] FEFe] vHleit= o8 HAEHSIIT

Table 4.16 Shafting system specifications of 150,000 DWT class before EEDI

Vessel types
1 150,000 DWT crude oil tanker (6S70MC-C, 19,620 kW x 91.0 rpm)
2 158,000 DWT crude oil tanker (6S70MC-C, 18,660 kW x 91.0 rpm)
3 159,000 DWT crude oil tanker (6S7TOME-C, 18,215 kW x 91.0 rpm)
- 90 -

Collection @ kmou



Table 4.17 Calculation of bearing reaction supporting position of 150,000 DWT crude oil tanker

] Xi Fi Xi x Fi Xi X Fi/ Frotoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 127,844 0 0
Aft S/T Brg. #2 140 109,292 15,300,880 26
Aft S/T Brg. #3 280 91,892 25,729,760 44
Aft S/T Brg. #4 420 75,677 31,784,340 54
Aft S/T Brg. #5 560 60,659 33,969,040 58
Aft S/T Brg. #6 700 46,831 32,781,700 56
Aft S/T Brg. #7 840 34,171 28,703,640 49
Aft S/T Brg. #8 980 22,647 22,194,060 38
Aft S/T Brg. #9 1,120 12,220 13,686,400 23
Aft S/T Brg. #10 1,260 2,846 3,585,960 6
Frotoal 584,079 Diameter ratio [%] 187

Calculated bearing reaction supporting position [mm)]

356

Table 4.18 Calculation of bearing reaction supporting position of 158,000 DWT crude oil tanker

) Xi Fi Xi x Fi Xi x Fi / Frotoa
Bearing

[mm] N] [Nmm] [mm]
Aft S/T Brg. #1 0 139,749 0 0
Aft S/T Brg. #2 147 117,712 17,303,664 30
Aft S/T Brg. #3 293 97,033 28,430,669 49
Aft S/T Brg. #4 440 71,744 34,207,360 59
Aft S/T Brg. #5 587 59,847 35,130,189 61
Aft S/T Brg. #6 733 43,322 31,755,026 55
Aft S/T Brg. #7 880 28,134 24,757,920 43
Aft S/T Brg. #8 1,027 14,233 14,617,291 25
Aft S/T Brg. #9 1,173 1,567 1,838,091 3
Aft S/T Brg. #10 1,320 0 0 0
Frotoal 579,341 Diameter ratio [%] 203

Calculated bearing reaction supporting position [mm]

325
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Table 4.19 Calculation of bearing reaction supporting position of 159,000 DWT crude oil tanker

) Xi Fi Xix Fi Xi x Fi / Frogoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 147,408 0 0
Aft S/T Brg. #2 151 124,216 18,756,616 30
Aft S/T Brg. #3 302 102,659 31,003,018 49
Aft S/T Brg. #4 453 82,776 37,497,528 60
Aft S/T Brg. #5 604 64,568 38,999,072 62
Aft S/T Brg. #6 755 48,013 36,249,815 58
Aft S/T Brg. #7 906 33,068 29,959,608 48
Aft S/T Brg. #8 1,057 19,674 20,795,418 33
Aft S/T Brg. #9 1,208 7,764 9,378,912 15
Aft S/T Brg. #10 1,359 0 0 0
Frotoal 630,146 Diameter ratio [%] 185

Calculated bearing reaction supporting position [mm)] ‘ 353

Table 4.20 Shafting system specifications of 150,000 DWT class after EEDI

Vessel types

158,000 DWT crude oil tanker (1) (6G70ME-C, 15,210 kW x 71.4 rpm)

2 158,000 DWT crude oil tanker (2) (6G70ME-C, 15,088 kW x 71.8 rpm)

158,000 DWT crude oil tanker (3) (W6X72, 16,160 kW x 76.5 rpm)
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Table 4.21 Calculation of bearing reaction supporting position of 158,000 DWT crude oil tanker (1)

] Xi Fi Xi x Fi Xi X Fi/ Frotoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 131,909 0 0
Aft S/T Brg. #2 140 112,975 15,816,500 26
Aft S/T Brg. #3 280 95,115 26,632,200 45
Aft S/T Brg. #4 420 78,357 32,909,940 55
Aft S/T Brg. #5 560 62,711 35,118,160 59
Aft S/T Brg. #6 700 48,168 33,717,600 56
Aft S/T Brg. #7 840 34,708 29,154,720 49
Aft S/T Brg. #8 980 22,301 21,854,980 37
Aft S/T Brg. #9 1,120 10,911 12,220,320 20
Aft S/T Brg. #10 1,260 499 628,740 1
Frotoal 597,654 Diameter ratio [%] 198

Calculated bearing reaction supporting position [mm)] ‘

348

Table 4.22 Calculation of bearing reaction

supporting position of 158,000 DWT crude oil tanker (2)

) Xi Fi Xi x Fi Xi x Fi / Frotoa
Bearing

[mm] N] [Nmm] [mm]
Aft S/T Brg. #1 0 153,942 0 0
Aft S/T Brg. #2 162 127,271 20,617,902 35
Aft S/T Brg. #3 324 102,518 33,215,832 56
Aft S/T Brg. #4 487 79,731 38,828,997 65
Aft S/T Brg. #5 649 58,917 38,237,133 o4
Aft S/T Brg. #6 811 40,053 32,482,983 55
Aft S/T Brg. #7 973 23,091 22,467,543 38
Aft S/T Brg. #8 1,136 7,972 9,056,192 15
Aft S/T Brg. #9 1,298 0 0 0
Aft S/T Brg. #10 1,460 0 0 0
Frotoal 593,495 Diameter ratio [%] 201

Calculated bearing reaction supporting position [mm] ‘

328
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Table 4.23 Calculation of bearing reaction supporting position of 158,000 DWT crude oil tanker (3)

) Xi Fi Xix Fi Xi x Fi / Frogoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 128,380 0 0
Aft S/T Brg. #2 151 108,815 16,431,065 29
Aft S/T Brg. #3 302 90,533 27,340,966 49
Aft S/T Brg. #4 453 73,573 33,328,569 59
Aft S/T Brg. #5 604 57,947 34,999,988 62
Aft S/T Brg. #6 756 43,645 32,995,620 59
Aft S/T Brg. #7 907 30,638 27,788,666 50
Aft S/T Brg. #8 1,058 18,887 19,982,446 36
Aft S/T Brg. #9 1,209 8,344 10,087,896 18
Aft S/T Brg. #10 1,360 0 0 0
Frotoal 560,762 Diameter ratio [%] 184

Calculated bearing reaction supporting position [mm)] ‘ 362

42.3 300,000 DWTF $2A4le] Mg T2 vlojge] wg=AH 514
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T At JEE YEh v, Table 4.29= EEDI7F 288 59 Adv]d 35 wlojglo] wkg %]
Aol digk a4 s Hu RS Yepdh

EEDI7} A-857] 9 Auj# 3 wojg)e w2 X Ao it % 7F= 318,000 DWT, 319,000
DWT Z12]al 320,000 DWT fr&2Ae ez Fdstgion, A T2 wojgle vkEz23
of that a4 A= 217 Table 4.25, Table 4.26, Table 4.27°] YERNATE 318,000 DWT F=4
o] 79, M wEAA o] Muj TR wojg o] MrjSFo2RE 574mme fX|el loH
ol ZEH#ZE AAY vwPe uw, o D/1.43o HAFHH, 319,000DWT 2412 A9, 314
H R AA o] Muld 5 oy o] AuFo2HE 588mme] {X|d glom ol zEde
= A3 BaPyS o, oF D/1.459) YX S ok 1AL 320,000 DWT 52419 4%, siae
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2743 vugs W, o D/1199] A8t vk B7HE fFRACERY Aad HiAd A
E AFEY, AE Ml $E wlojge] wHEXXHE wlojge] Mu] oA 61
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EEDI7} A8H $Fof AMuldt 7 wojgo] wEAAH digh &0 300,000 DWT (1),

300,000 DWT (2) 28]l 319,000 DWT 24 o= sty on, And S5 w3

W2 2o thdk sfAe] Azt 7z Table 4.30, Table 4.31, Table 4.3201 YERHATE 300,000

DWT (1) fr249 7%, siAd w2 o] Mujd $7 wojg o] S o2 RE 460 mmo]

Aol o ol Ay A4 vugds o, oF D/1.79el X3, 300,000 DWT (2)

o] A+ A wrEAA ] e 7 wolg o] HMuE o ZRE 427mme] Ao 9l

- = D/1.940] $1A]8kaL @t} 1E]3L 319,000 DWT

249 A= siME wEXxHo] Mujt S5 wojge] Mu]Zo)A 449 mme] HIRol| o

%! WS wf, oF D/1.84ol HAFAL Uk HIHE FRACZREH A4E

B, siAE Adud S5 ol o] wHEAAH S wojg e Mr] £

oA 445 mmol] XA, T2HHZ A7 vwPS w oF D/1.86o AXFL U= A= &
13T

EEDIY] 2 &0 w2 ZzHd A7 W37} 300,000 DWTH F32419 A4 A vHe 94
s A F5 wolg o] vEAAH o2 Wrlej A EEDI X*% o] Byt Adnjd S5 o
B MEAANHLE ArS o2 HE 618 mmo|RU 3, EEDI A4 $o] Hit M| T woj7 g
A2 H L ArS o2 RE 45 mmo]Qlth ol ZEH S AR vlaste] oF 504 %S A
o|Z FHEAAHo] AMFOo R A= e AL T SUvh Ty 413-d4 ERlE AL
ze2dy F% 2 Z2A8F9 WP} un|go s BFela Mg R wjojy o] kA
< B2 Wl ok olE #ERlehy] A FUMHeR FX1Eo Y WSS Table 4.285%
Table 43302 Hln 37}8lov, EEDI 3§ 2o B 7% 7142 339x10° Nmol L,
EEDI A& %9 W S5 24 2.72x10°N/mS 2 EEDIO] & we} F7h30lA <F 20
%] 74 Ast ASE she Ae GAFHNeH, ol 2 T M L=
AAAJA =9 WPo] T Aol weh 97t =7 e ZoE AdHErh wEbA
300,000 DWTH &AM oll A= EEDIS] A8l wE za2de] A7 wsle] o5 A HEeo| &
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Table 4.24 Shafting system specifications of 300,000 DWT class before EEDI

Vessel types
318,000 DWT crude oil tanker (7RT-flex82T, 31,640 kW x 80.0 rpm)
2 319,000 DWT crude oil tanker (6S90MC-C, 29,340 kW X 76.0 rpm)
320,000 DWT crude oil tanker (7S80ME-C, 29,260 kW x 78.0 rpm)
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Table 4.25 Calculation of bearing reaction supporting position of 318,000 DWT crude oil tanker

] Xi Fi Xi x Fi Xi X Fi/ Frotoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 244263 0 0
Aft S/T Brg. #2 210 209,138 43,918,980 38
Aft S/T Brg. #3 420 176,458 74,112,360 64
Aft S/T Brg. #4 630 146,340 92,194,200 79
Aft S/T Brg. #5 840 118,835 99,821,400 86
Aft S/T Brg. #6 1,050 93,944 98,641,200 85
Aft S/T Brg. #7 1,260 71,625 90,247,500 77
Aft S/T Brg. #8 1,470 51,804 76,151,880 65
Aft S/T Brg. #9 1,680 34,385 57,766,800 50
Aft S/T Brg. #10 1,890 19,256 36,393,840 31
Frotoal 1,166,048 Diameter ratio [%] 143

Calculated bearing reaction supporting position [mm)]

574

Table 4.26 Calculation of bearing reaction supporting position of 319,000 DWT crude oil tanker

) Xi Fi Xix Fi Xi % Fi / Frotoa
Bearing

[mm] N] [Nmm] [mm]
Aft S/T Brg. #1 0 216,557 0 0
Aft S/T Brg. #2 209 186,471 38,972,439 37
Aft S/T Brg. #3 418 158,394 66,208,692 62
Aft S/T Brg. #4 627 132,422 83,028,594 78
Aft S/T Brg. #5 836 108,602 90,791,272 85
Aft S/T Brg. #6 1,044 86,942 90,767,448 85
Aft S/T Brg. #7 1,253 67,417 84,473,501 80
Aft S/T Brg. #3 1,462 49,978 73,067,836 69
Aft S/T Brg. #9 1,671 34,559 57,748,089 54
Aft S/T Brg. #10 1,880 21,079 39,628,520 37
Frotoal 1,062,421 Diameter ratio [%] 145

Calculated bearing reaction supporting position [mm]

588
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Table 4.27 Calculation of bearing reaction supporting position of 320,000 DWT crude oil tanker

] Xi Fi Xi x Fi Xi X Fi/ Frotoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 188,010 0 0
Aft S/T Brg. #2 208 163,648 34,038,784 32
Aft S/T Brg. #3 416 141,476 58,854,016 55
Aft S/T Brg. #4 623 121,624 75,771,752 71
Aft S/T Brg. #5 831 104,172 86,566,932 81
Aft S/T Brg. #6 1,039 89,161 92,638,279 87
Aft S/T Brg. #7 1,247 76,597 95,516,459 90
Aft S/T Brg. #8 1,454 66,458 96,629,932 91
Aft S/T Brg. #9 1,662 58,699 97,557,738 92
Aft S/T Brg. #10 1,870 53,257 99,590,590 94
Frotoal 1,063,102 Diameter ratio [%] 119

Calculated bearing reaction supporting position [mm)] ‘

693

Table 4.28 Intermediate shaft specification for 300,000 DWT class tankers before EEDI

. ¢ A Shaft
Size Engine Power. | Speed Dia. Length .
Stiffness
[DWT] [Model] [kW] [rpm] [mm] [mm]
[N/m]
1 318,000 TRT-flex82T 31,640 80.0 700 8,840 3.67x10"
2 319,000 6S90MC-C 29,340 76.0 725 9,248 3.67x10"
320,000 7S80ME-C 29,260 78.0 625 10,250 2.85x10"
Avg. | 317,000 - 30261 | 78.0 697 9,506 | 3.39x10"
Table 4.29 Shafting system specifications of 300,000 DWT class after EEDI
Vessel types
1 300,000 DWT crude oil tanker (1) (7G8OME-C, 24,360 kW x 65.0 rpm)
2 300,000 DWT crude oil tanker (2) (7G80MC-C, 26,460 kW x 66.0 rpm)
3 319,000 DWT crude oil tanker (7G8OME-C, 25,330 kW x 64.0 rpm)
- 97 -
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Table 4.30 Calculation of bearing reaction supporting position of 300,000 DWT crude oil tanker (1)

] Xi Fi Xi x Fi Xi X Fi/ Frotoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 229,441 0 0
Aft S/T Brg. #2 210 193,534 40,642,140 43
Aft S/T Brg. #3 420 159,664 67,058,880 71
Aft S/T Brg. #4 630 127,916 80,587,080 85
Aft S/T Brg. #5 840 98,318 82,587,120 87
Aft S/T Brg. #6 1,050 70,852 74,394,600 78
Aft S/T Brg. #7 1,260 45,469 57,290,940 60
Aft S/T Brg. #8 1,470 22,097 32,482,590 34
Aft S/T Brg. #9 1,680 652 1,095,360 1
Aft S/T Brg. #10 1,890 0 0 0
Frotoal 947,943 Diameter ratio [%] 179

Calculated bearing reaction supporting position [mm)]

| 460

Table 4.31 Calculation of bearing reaction

supporting position of 300,000 DWT crude oil tanker (2)

) Xi Fi Xix Fi Xi % Fi / Frotoa
Bearing

[mm] N] [Nmm] [mm]
Aft S/T Brg. #1 0 312,785 0 0
Aft S/T Brg. #2 216 259,718 56,099,088 47
Aft S/T Brg. #3 431 209,844 90,442,764 75
Aft S/T Brg. #4 647 163,258 105,627,926 88
Aft S/T Brg. #5 862 119,977 103,420,174 86
Aft S/T Brg. #6 1,078 79,959 86,195,802 72
Aft S/T Brg. #7 1,293 43,116 55,748,988 47
Aft S/T Brg. #3 1,509 9,334 14,085,006 12
Aft S/T Brg. #9 1,724 0 0 0
Aft S/T Brg. #10 1,940 0 0 0
Frotoal 1,197,991 Diameter ratio [%] 194

Calculated bearing reaction supporting position [mm]
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Table 4.32 Calculation of bearing reaction supporting position of 319,000 DWT crude oil tanker

] Xi Fi Xi x Fi Xi X Fi/ Frotoal
Bearing

[mm] [N] [Nmm] [mm]
Aft S/T Brg. #1 0 245,060 0 0
Aft S/T Brg. #2 210 205,730 43,203,300 44
Aft S/T Brg. #3 420 168,728 70,865,760 71
Aft S/T Brg. #4 630 134,131 84,502,530 85
Aft S/T Brg. #5 840 101,959 85,645,560 86
Aft S/T Brg. #6 1,050 72,182 75,791,100 76
Aft S/T Brg. #7 1,260 44738 56,369,880 57
Aft S/T Brg. #8 1,470 19,541 28,725,270 29
Aft S/T Brg. #9 1,680 0 0 0
Aft S/T Brg. #10 1,890 0 0 0
Frotoal 992,069 Diameter ratio [%] 184

Calculated bearing reaction supporting position [mm)] ‘

449

Table 4.33 Intermediate shaft specification for 300,000 DWT class tankers after EEDI

) : : Shaft
Size Engine Power. | Speed Dia. Length .
Stiffness
[DWT] [Model] [kW] [rpm] [mm] [mm]

[N/m]
1 300,000 7G80ME-C 24,360 65.0 665 11,075 2.63 %10
2 300,000 7G80ME-C 26,460 66.0 690 11,205 2.80 x 10"
319,000 7G80ME-C 25,330 64.0 675 11,075 271 x 10'°
Avg. 317,000 - 30,261 78.0 677 11,118 2.72 x 10"
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Table 5.1 Various crude oil tankers for aft stern tube bearing slope analysis

Vessel types
1 115,000 DWT crude oil tanker
2 158,000 DWT crude oil tanker
3 300,000 DWT crude oil tanker
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Table 5.2 Shafting system specifications of 115,000 DWT crude oil tanker

Vessel type

115,000 DWT crude oil tanker

Main engine

MAN B&W 6G60ME-C, MCR 11,200 kW at 77 rpm

Crankshaft diameter (O.D/1.D)

820 mm / 150 mm

Intermediate shaft diameter

490 mm x 9,630 mm

Propeller shaft diameter

590 mm x 8,095 mm

Propeller

4 blade fixed pitch, Dia. 8,000 mm

Bearing length and slope

1,120 mm (Effective length) / 0.30 mm/m

ol

| — 0

Table 5.3 Bearing loads on single supporting at aft S/T bearing

(LT

Fig. 5.4 Shaft alignment modeling of 115,000 DWT' crude oil tanker

. Position Bearing offset Bearing load Pressure
Bearing

[mm] [mm] [N] [MPa]
Aft ST Brg. 2,275 0.40 377,704 0.51
Fwd. ST Brg. 6,410 0.40 92,769 0.42
Int. Brg. 12,195 -3.62 92,140 0.46
ME Brg. #8 18,305 -7.18 25,677 0.07
ME Brg. #7 19,255 -7.18 154,294 0.48
MJ/E Brg. #6 20,335 -7.18 217,076 1.78
MJ/E Brg. #5 21,415 -7.18 220,144 1.80
MJ/E Brg. #4 22,495 -7.18 224,086 1.84
M/E Brg. #3 23,575 -7.18 84,004 0.69

- 105 -

Collection @ kmou




Deflections - vertical [mm]
; i

=]

(==}

=]

= = w = o
= o = I~ o ~ = @ g
= W o ™~ ~N ] —_ (=1 {=1
I~ r~ — -3 =+ - = o+ Q
™~ ™~ ™~ uw ;1 -— ™ ™ o
™ o P no2 B R R 3B
O ) — | e e T B ﬂHﬂ:ﬂ}E_l_l_m_L._l.l.l_._l_h._LL.H
A Fy Y S A & A
o = o e & & =& = e—
a =] ~ ® @ =@ B @ mE
= = o T = T T - E
= = ok otk T ¥ i e
2000 4000 6000 2000 16000 12000 14000 16000 18000 20000 22000 24000
Paosition [mm]

Fig. 5.5 Shaft deflection curve on single supporting at aft S/T bearing

Table 5.4 Relative slope of 115,000 DWT crude oil tanker

Position Deflection
Aft reaction supporting position [mm] 2,115 -0.277
Fwd. reaction supporting position [mm] 3,235 0.173
Propeller shaft slope [mm/m] 0.402
Aft S/T bearing slope [mm/m] 0.300
Relative slope [mm/m] 0.102

Table 5.5 Bearing loads on double supporting at aft S/T bearing

i Position Bearing offset Bearing load Pressure
Bearing

[mm] [mm] [N] [MPa]
Aft S/T Brg. #1 2,115 -0.09 350,744 0.54
Aft S/T Brg. #2 3,235 0.40 6,464
Fwd. S/T Brg. 6,410 0.40 120,774 0.55
Inter. Brg. 81,810 -3.62 82,761 0.42
M/E Brg. #8 18,305 -7.18 30,642 0.09
M/E Brg. #7 19,255 -7.18 152,536 0.48
M/E Brg. #6 20,335 -7.18 215,741 1.77
M/E Brg. #5 21,415 -7.18 220,153 1.80
M/E Brg. #4 22,495 -7.18 224,155 1.84
M/E Brg. #3 23,575 -7.18 84,001 0.69
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Fig. 5.6 Shaft deflection curve on double supporting at aft S/T bearing
Table 5.6 Relative slope of 115,000 DWT crude oil tanker
Position Deflection
Aft reaction supporting position [mm] 2,115 -0.610
Fwd. reaction supporting position [mm] 3,235 -0.103
Propeller shaft slope [mm/m] 0.453
Aft S/T bearing slope [mm/m] 0.300
Relative slope [mm/m] 0.153
400,000
350,000
300,000
=
3 250,000
-
o =
£ 2 200000
9
P 150,000
100,000
50,000
3 -
AftST | Fwd.ST| . o M/E M/E M/E M/E M/E M/E
Brg. Brg. - PIB: Brg. #8 | Brg.#7 | Brg. #6 | Brg. #5 | Brg. #4 | Brg. #3
m Single | 377,704 | 92,769 | 92,140 | 25,677 | 154,294 | 217,076 | 220,144 | 224,086 | 84,004
B Double| 357,208 | 120,774 | 82,761 | 30,642 | 152,536 215,741 | 220,153 | 224,155 | 84,001

Fig. 5.7 Comparison chart of bearing load on bearing reaction supporting types
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Aujg TR wojg) o] AAEE Hlws R Fig 5100045 Av]d 35 o}y o] uE A x]F o]
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=
G 2, 7 Y AHeR uEEwA A& Hold WR Al SJeiA Ao WE Aol

AE 5% (27,600N), Anjd AR wojFdS 339% (45300N), 537t Hlojyge 7B &
(20,008 N) 123 HFHE wjdl Az wojF oA 15% (4,800N)2] o]} ek o] g xjolE Al
A Wyl itk 7Pgotl, B Aubolao] A HE A Al AAeL Al AXE wojF e
stao] zpol7k A & ¢ glem, AA dmete O FA AE Aol E F Jorn=E A
AE X a5 Hasshr] feiA AAGA A Anjd FE wWAPES & EHoE A5}
of 7 BE Mol FRPH oF sh= Ho g AL

Table 5.7 Shafting system specifications of 158,000 DWT crude oil tanker

Vessel type 158,000 DWT crude oil tanker

Main engine MAN B&W 6G70ME-C, MCR 16,088 kW at 71.8 rpm
Crankshaft diameter (O.D/I.D) 960 mm / 150 mm

Intermediate shaft diameter 560 mm x 7,890 mm

Propeller shaft diameter 660 mm x 8,357 mm

Propeller 4 blade fixed pitch, Dia. 9,000 mm

Bearing length and slope 1,460 mm (Effective length) / 0.40 mm/m

M i i Bl

| N1 — il

- I NN

I

Fig. 5.8 Shaft alignment modeling of 158,000 DWT crude oil tanker
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Table 5.8 Bearing loads on single supporting at aft S/T bearing

) Position Bearing offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft ST Brg. 2,772 0.00 586,016 0.61
Fwd. ST Brg. 6,795 0.00 91,932 0.32
Int. Brg. 11,057 -2.94 66,420 0.43
M/E Brg. #8 16,867 -6.10 28,138 0.10
M/E Brg. #7 17,897 -6.10 262,661 0.92
M/E Brg. #6 19,157 -6.10 359,039 248
M/E Brg. #5 20,417 -6.10 354,177 245
M/E Brg. #4 21,677 -6.10 354,346 2.45
M/E Brg. #3 22,937 -6.10 136,011 0.94
20
T sl - i A |
E 30— ""‘»-—_H_h
‘E 0 - —f o
=Z-120 G e | m= :ﬂ:EU]:‘ T
150 = = o S W M0 I
S E: n 5§ § 5 5 SE
-180
i 2000 4000 GDOD BOO0 10000 12000 14000 76000 18000 20000 22000 24000
Paosition [mmj]

Fig. 5.9 Shaft deflection curve on single supporting at aft S/T bearing

Table 5.9 Relative slope of 158,000 DWT crude oil tanker

Position Deflection
Aft reaction supporting position [mm] 2,552 -0.948
Fwd. reaction supporting position [mm)] 4,012 -0.255
Propeller shaft slope [mm/m] 0.475
Aft S/T bearing slope [mm/m] 0.400
Relative slope [mm/m] 0.075
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Table 5.10 Bearing loads on double supporting at aft S/T bearing

i Position Bearing offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft S/T Brg. #1 2,552 -0.58 505,205 0.58
Aft S/T Brg. #2 4,012 0.00 53,233 '
Fwd. S/T Brg. 6,795 0.00 137,183 0.48
Inter. Brg. 11,057 -2.94 46,412 0.30
M/E Brg. #8 16,867 -6.10 32,964 0.12
M/E Brg. #7 17,897 -6.10 261,441 0.92
MJ/E Brg. #6 19,157 -6.10 357,738 247
MJ/E Brg. #5 20,417 -6.10 354,135 245
M/E Brg. #4 21,677 -6.10 354,418 2.45
M/E Brg. #3 22,937 -6.10 136,012 0.94
0.0 e —
- - y
§ e L st = £ =2
€ 90 - - £ 'z e
2-120
§.15_D l: I Jlil : lﬂll JIL 1 I]n‘ll — HHI‘E_ﬂh:llllil |1 ||,‘|| :‘I
=288 8 8%
210
D 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000
Pasition [mm]
Fig. 5.10 Shaft deflection curve on double supporting at aft S/T bearing

Table 5.11 Relative slope of 158,000 DWT crude oil tanker

Position Deflection
Aft reaction supporting position [mm] 2,552 -1.377
Fwd. reaction supporting position [mm] 4,012 -0.527

Propeller shaft slope [mm/m)] 0.555
Aft S/T bearing slope [mm/m] 0.400
Relative slope [mm/m] 0.155
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@
200,000
0 B e
AFtST | Fwd. ST Int. Br M/E M/E M/E M/JE M/E M/E
Brg. Brg. - PIB: Brg. #8 | Brg. #7 | Brg. #6 | Brg. #5 | Brg. #4 | Brg. #3
H Single | 586,016 | 91,932 | 66,420 | 28,138 | 262,661 (359,039 | 354,177 | 354,346 | 136,011
B Double| 558,438 | 137,183 | 46,412 | 32,964 | 261,441 |357,738 | 354,135 | 354,418 | 136,012

Fig. 5.11 Comparison chart of bearing load on bearing reaction supporting types
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Table 5.12 Shafting system specifications of 300,000 DWT crude oil tanker

Vessel type

300,000 DWT crude oil tanker

Main engine

WARTSILA 7X82, MCR 24,020 kW at 65.7 rpm

Crankshaft diameter (O.D/1.D)

10200 mm

Intermediate shaft diameter

650 mm x 9,450 mm

Propeller shaft diameter

815 mm x 10,110 mm

Propeller

4 blade fixed pitch, Dia. 10,600 mm

Bearing length and slope

1,790 mm (Effective length) / 0.684 mm/m

I —

i) N i

E—3a—

Table 5.13 Bearing loads on single supporting at aft S/T bearing

1N

Fig. 5.12 Shaft alignment modeling of 300,000 DWT crude oil tanker

) Position Bearing offset Bearing load Pressure
Bearing

[mm] [mm] [N] [MPa]
Aft ST Brg. 3,003 0.00 994,514 0.68
Fwd. ST Brg. 8,090 1.10 49,180 0.11
Int. Brg. 14,110 -0.35 206,410 0.66
M/E Brg. #8 20,370 -3.40 108,708 0.38
M/E Brg. #7 21,308 -3.70 342,889 0.88
M/E Brg. #6 22,813 -4.19 478,446 2.23
M/E Brg. #5 24,318 -4.68 477,937 222
MJ/E Brg. #4 25,823 -5.17 472,508 2.20
M/E Brg. #3 27,328 -5.65 202,701 0.94
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Fig. 5.13 Shaft deflection curve on single supporting at aft S/T bearing
Table 5.14 Relative slope of 158,000 DWT crude oil tanker
Position Deflection
Aft reaction supporting position [mm] 2,735 -1.371
Fwd. reaction supporting position [mm] 4,525 -0.239
Propeller shaft slope [mm/m] 0.632
Aft S/T bearing slope [mm/m] 0.684
Relative slope [mm/m] -0.052
Table 5.15 Bearing loads on double supporting at aft S/T bearing
) Position Bearing offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft S/T Brg. #1 2,735 -0.56 667,156 073
Aft S/T Brg. #2 4,525 0.66 394,437
Fwd. S/T Brg. 8,090 1.10 0 0.00
Inter. Brg. 14,110 -0.35 182,315 0.58
MJ/E Brg. #8 20,370 -3.40 121,139 0.42
MJ/E Brg. #7 21,308 -3.70 340,522 0.88
MJ/E Brg. #6 22,813 -4.19 474,579 221
M/E Brg. #5 24,318 -4.68 477,716 2.22
MJ/E Brg. #4 25,823 -5.17 472,718 2.20
M/E Brg. #3 27,328 -5.65 202,710 0.94
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Fig. 5.14 Shaft deflection curve on double supporting at aft S/T bearing
Table 5.16 Relative slope of 158,000 DWT crude oil tanker
Position Deflection
Aft reaction supporting position [mm] 2,735 -1.880
Fwd. reaction supporting position [mm] 4,525 -0.383
Propeller shaft slope [mm/m] 0.836
Aft S/T bearing slope [mm/m] 0.684
Relative slope [mm/m] 0.152
1,200,000
1,000,000
B 800,000
=}
-
"=
£ 2 600,000
m
LE)
[-x]
400,000
200,000
0 _-_.__-_
AFtST | Fwd.ST| . o M/E M/E M/E M/E M/E M/E
Brg. Brg. b Brg.#1 | Brg.#2 | Brg. &3 | Brg.#4 | Brg. #5 | Brg. &6
W No slope | 994,514 | 49,180 | 206,410 | 108,708 | 342,889 | 478,446 | 477,937 | 472,508 | 202,701
B With slope| 1,061,5 0 182,315121,139( 340,522 | 474,579 (477,716 | 472,718 | 202,710

Fig. 5.15 Comparison chart of bearing load on bearing reaction supporting types
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Fig. 5.16 Double slope bearing
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Fig. 5.17 Shaft alignment analysis procedure for double slope and three reaction supporting



Fig. 5.18 Basic reaction supporting positions of double slope bearing
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Fig. 5.19 Aft stern tube bearing
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Fig. 5.20 Single slope in aft stern tube bearing
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Negative offset

(a) Offset of aft stern tube bearing / Single supporting

LSRRI

Zero offset I
Negative offset

(b) Reaction supporting positions and offset of aft stern tube bearing / Double supporting

Referéhée- line

Negative offse

(c) Reaction supporting positions and offset of aft stern tube bearing / Three supporting

Fig. 5.22 Reaction supporting position and offset of aft stern tube bearing
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Table 5.17 Shafting system specifications of 300,000 DWT crude oil tanker
Vessel type 300,000 DWT crude oil tanker
Main engine MAN B&W 7G80ME-C, MCR 26,460 kW at 66.0 rpm
Crankshaft diameter (O.D/I.D) 1,060 mm / 150 mm
Intermediate shaft diameter 690 mm x 11,205 mm
Propeller shaft diameter 830 mm x 11,712 mm
Propeller 4 blade fixed pitch, Dia. 10,700 mm
. Aft segment : 1.031 mm/m (Haft part)
Bearing slope
Fwd. segment : 0.619 mm/m

T — e oot

Fig. 5.23 Shaft alignment modeling of 300,000 DWT crude oil tanker
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Table 5.18 Bearing loads on three supporting at

aft S/T bearing (1st step)

i Position Design offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft S/T Brg. #1 2,842 0.60 99,6397
Aft S/T Brg. #2 3,812 0.60 0 0.62
Aft S/T Brg. #3 4782 0.60 0
Fwd. S/T Brg. 9,462 0.60 271,699 0.60
Inter. Brg. 17,862 -5.90 168,770 0.42
M/E Brg. #8 23,612 -8.30 39,441 0.12
M/E Brg. #7 24,792 -8.30 317,675 0.93
MJ/E Brg. #6 26,192 -8.30 520,411 3.12
M/E Brg. #5 27,592 -8.30 480,505 2.88
MJ/E Brg. #4 28,992 -8.30 485,924 2.92
M/E Brg. #3 30,392 -8.30 184,913 1.11
Table 5.19 Relative slope of 300,000 DWT crude oil tanker (Ist step)

Position Deflection
Aft reaction supporting position [mm] 2,842 -0.498
Mid reaction supporting position [mm] 3,812 0.061
Fwd. reaction supporting position [mm] 4,782 0414
Propeller shaft Aft 0.576
slope [mm/m] Fwd. 0.363
Aft S/T bearing Aft 0.000
slope [mm/m] Fwd. 0.000
Relative slope Aft 0.576
[mm/m] Fwd. 0.363

e - P
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Table 5.20 Bearing loads on three supporting at aft S/T bearing (2nd step)

i Position Design offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft S/T Brg. #1 2,842 -0.18 847,352
Aft S/T Brg. #2 3,812 0.21 163,569 0.63
Aft S/T Brg. #3 4782 0.60 0
Fwd. S/T Brg. 9,462 0.60 266,632 0.59
Inter. Brg. 17,862 -5.90 155,323 0.39
M/E Brg. #8 23,612 -8.30 46,700 0.14
M/E Brg. #7 24,792 -8.30 316,091 0.93
MJ/E Brg. #6 26,192 -8.30 518,669 3.11
M/E Brg. #5 27,592 -8.30 480,471 2.88
MJ/E Brg. #4 28,992 -8.30 486,016 2.92
M/E Brg. #3 30,392 -8.30 184,911 1.11
Table 5.21 Relative slope of 300,000 DWT crude oil tanker (2nd step)

Position Deflection
Aft reaction supporting position [mm] 2,842 -1.200
Mid reaction supporting position [mm] 3,812 -0.470
Fwd. reaction supporting position [mm] 4,782 0.027
Propeller shaft Aft 0.753
slope [mm/m] Fwd. 0.512
Aft S/T bearing Aft 0.400
slope [mm/m] Fwd. 0.400
Relative slope Aft 0.353
[mm/m] Fwd. 0.110

e - P
Collection @ kmou

- 127 -




Table 5.22 Bearing loads on three supporting at

aft S/T bearing (3rd step)

i Position Design offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft S/T Brg. #1 2,842 -1.00 339,790
Aft S/T Brg. #2 3,812 0.21 705,376 0.69
Aft S/T Brg. #3 4782 0.60 71,619
Fwd. S/T Brg. 9,462 0.60 155,692 0.35
Inter. Brg. 17,862 -5.90 161,853 0.40
M/E Brg. #8 23,612 -8.30 44126 0.13
M/E Brg. #7 24,792 -8.30 316,623 0.93
MJ/E Brg. #6 26,192 -8.30 519,275 3.12
M/E Brg. #5 27,592 -8.30 480,484 2.88
MJ/E Brg. #4 28,992 -8.30 485,984 2.92
M/E Brg. #3 30,392 -8.30 184,912 1.11
Table 5.23 Relative slope of 300,000 DWT crude oil tanker (3rd step)

Position Deflection
Aft reaction supporting position [mm] 2,842 -1.770
Mid reaction supporting position [mm] 3,812 -0.741
Fwd. reaction supporting position [mm] 4,782 -0.036
Propeller shaft Aft 1.061
slope [mm/m] Fwd. 0.727
Aft S/T bearing Aft 1.249
slope [mm/m] Fwd. 0.400
Relative slope Aft -0.190
[mm/m] Fwd. 0.330

e - P
Collection @ kmou

- 128 -




Table 5.24 Aft stern tube bearing lubrication criteria

Type of bearing: Double slope

The minimum shaft speed ensuring hydrodynamic lubrication is :

The actual operation speed is : 30.0 rpm

30.7 rpm

The actual operation speed >= The minimum required rotation speed

The criteria is not fulfilled

Aft segment Fwd. segment
Dimensions and physical parameters
Diametrical bearing clearance, C (mm) 1.2 1.2
Bearing length or segment length, L (mm) 970 970
Kinematic viscosity of the lubricant, v (cSt) 100 100
Bearing journal diameter, D (mm) 830 830
Parameters from shaft alignment calculation
Radial bearing load, W (N) 922,373 194,414
Max value of W; and W2, Wpa (N) 582,582 122,794
Min value of W; and W,, Wi, (N) 339,790 71,619
Calculated relative slope, alfa 0.166 0.168
Calculated parameters
Minimum rotational shaft speed, ny (rpm) 30.7 6.5
Minimum required lubrication film thickness, hy (mm) 0.024 0.024
Effective bearing pressure, Pey (N/m’) 1884,972 398,630
Length of locally pressurized area, Leg (mm) 589.6 587.6
Dimensionless size factor, Kp 1.019 1.019
Dimensionless length to diameter ratio, Ki 1.358 1.358
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Table 5.25 Bearing loads on three supporting at aft S/T bearing (4th step)

i Position Design offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft S/T Brg. #1 2,842 -1.00 474914
Aft S/T Brg. #2 3,812 0.00 437,343 0.69
Aft S/T Brg. #3 4782 0.60 201,289
Fwd. S/T Brg. 9,462 0.60 160,879 0.36
Inter. Brg. 17,862 -5.90 159,123 0.39
M/E Brg. #8 23,612 -8.30 45,547 0.13
M/E Brg. #7 24,792 -8.30 316,314 0.93
MJ/E Brg. #6 26,192 -8.30 518,935 3.11
M/E Brg. #5 27,592 -8.30 480,478 2.88
MJ/E Brg. #4 28,992 -8.30 486,002 2.92
M/E Brg. #3 30,392 -8.30 184,912 1.11
Table 5.26 Relative slope of 300,000 DWT crude oil tanker (4th step)

Position Deflection
Aft reaction supporting position [mm] 2,842 -1.837
Mid reaction supporting position [mm] 3,812 -0.819
Fwd. reaction supporting position [mm] 4,782 -0.101
Propeller shaft Aft 1.061
slope [mm/m] Fwd. 0.727
Aft S/T bearing Aft 1.031
slope [mm/m] Fwd. 0.619
Relative slope Aft 0.030
[mm/m] Fwd. 0.108
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Table 5.27 Aft stern tube bearing lubrication criteria (4th step)

Type of bearing: Double slope

The minimum shaft speed ensuring hydrodynamic lubrication is :

The actual operation speed is : 30.0 rpm

21.1 rpm

The actual operation speed >= The minimum required rotation speed

The criteria is fulfilled

Aft segment Fwd. segment
Dimensions and physical parameters
Diametrical bearing clearance, C (mm) 1.2 1.2
Bearing length or segment length, L (mm) 970 970
Kinematic viscosity of the lubricant, v (cSt) 100 100
Bearing journal diameter, D (mm) 830 830
Parameters from shaft alignment calculation
Radial bearing load, W (N) 782,071 331,475
Max value of W; and W2, Wpa (N) 474914 201,289
Min value of W; and W,, Wi, (N) 307,157 130,186
Calculated relative slope, alfa 0.125 0.152
Calculated parameters
Minimum rotational shaft speed, ny (rpm) 21.1 10
Minimum required lubrication film thickness, hy (mm) 0.024 0.024
Effective bearing pressure, Pey (N/m’) 1,440,266 644,942
Length of locally pressurized area, Leg (mm) 654.2 619.2
Dimensionless size factor, Kp 1.019 1.019
Dimensionless length to diameter ratio, Ki 1.358 1.358
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Before repair After repair

Fig. 5.24 Re-used with scraping and dressing up
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Table 5.28 Shafting system specifications of 300,000 DWT crude oil tanker

Vessel type

300,000 DWT crude oil tanker

Main engine

MAN B&W 7G8OME-C, MCR 26,460 kW at 66.0 rpm

Crankshaft diameter (O.D/1.D)

1,060 mm / 150 mm

Intermediate shaft diameter

690 mm x 11,205 mm

Propeller shaft diameter

830 mm x 11,712 mm

Propeller

4 blade fixed pitch, Dia. 10,700 mm

Bearing slope

Aft segment : 1.467 mm/m (300 mm)

Mid segment : 1.296

mm/m (540 mm)

Fwd. segment : 0.545 mmym (1,100 mm)

11 w7572 i
Fig. 5.27 Shaft alignment modeling of 300,000 DWT crude oil tanker
Table 5.29 Bearing loads on four supporting at aft S/T bearing
i Position Design offset Bearing load Pressure
Bearing
[mm] [mm] [N] [MPa]
Aft S/T Brg. #1 2,842 -1.14 161,679
Aft S/T Brg. #2 3,142 -0.70 294,772 0.69
Aft S/T Brg. #3 3,682 0.00 503,253
Aft S/T Brg. #4 4,782 0.60 147,833
Fwd. S/T Brg. 9,462 0.60 176,520 0.39
Inter. Brg. 17,862 -5.90 120,354 0.30
M/E Brg. #8 23,612 -8.30 138,667 0.41
M/E Brg. #7 24,792 -8.30 279,670 0.82
M/E Brg. #6 26,192 -8.30 490,101 2.94
M/E Brg. #5 27,592 -8.30 480,458 2.88
M/E Brg. #4 28,992 -8.30 487,567 2.93
ME Brg. #3 30,392 -8.30 184,862 1.11
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Table 5.30 Relative slope of 300,000 DWT crude oil tanker

Position Deflection
Aft reaction supporting position [mm] 2,842 -1.852
Mid-aft reaction supporting position [mm] 3,142 -1.500
Mid-fwd. reaction supporting position [mm] 3,682 -0.938
Fwd. reaction supporting position [mm] 4,782 -0.099
Aft 1.173
Propeller shaft -
Mid 1.041
slope [mm/m]
Fwd. 0.763
_ Aft 1.467
Aft S/T bearing -
Mid 1.296
slope [mm/m]
Fwd. 0.545
. Aft 0.293
Relative slope -
Mid 0.256
[mm/m)]
Fwd. -0.217
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Table 5.31 Aft stern tube bearing lubrication criteria

Type of bearing: Double slope

The minimum shaft speed ensuring hydrodynamic lubrication is :

The actual operation speed is : 30.0 rpm

29.9 rpm

The actual operation speed >= The minimum required rotation speed

The criteria is fulfilled

| Aft segment | Mid segment | Fwd. segment
Dimensions and physical parameters
Diametrical bearing clearance, C (mm) 1.2 1.2 1.2
Bearing length or segment length, L (mm) 300 540 1,100
Kinematic viscosity of the lubricant, v (cSt) 100 100 100
Bearing journal diameter, D (mm) 830 830 830
Parameters from shaft alignment calculation
Radial bearing load, W (N) 233.353 558.261 315.923
Max value of W; and W, Wia (N) 161.679 335.163 168.090
Min value of W; and W,, Wy (N) 71.674 223.098 147.833
Calculated relative slope, alfa 0.020 0.099 0.179
Calculated parameters
Minimum rotational shaft speed, ny (rpm) 29.9 22.1 8.2
Min. required lub. film thickness, hy (mm) 0.024 0.027 0.024
Effective bearing pressure, Pey (N/m’) 937,161 1245,562 570,843
Length of locally pressurized area, Leg (mm) 300 540 672
Dimensionless size factor, Kp 1.019 1.019 1.019
Dimensionless length to diameter ratio, Ki 2.161 1.824 1.252
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