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A Study on the Optimal Alignment of Propulsion

Shafting for Extra Large Container Carrier
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Abstract

Recently, the stiffness of designed marine propulsion shafting has been
increasing remarkably according to increasing of ship’s size and the resultant
increase of shaft diameters. On the other hand, hull structures have become
more flexible as a result of scantling optimization and increase in ship length.

Consequently, the alignment of a propulsion shafting system has become
more sensitive to hull structures. And the alignment can be misleading
especially when some facts are not taken into consideration. This fact has led
to the bearing damage related inadequate analysis, inadequate practices of the
shipyard in conducting the alignment and a lack of defined analytical criteria.

Ideally, a shaft alignment analysis should be peformed for maximum

allowable alignment tolerances, resulting in acceptable bearing reactions and

= Vil -



misalignment angles under all operating conditions of the vessel(loaded,
ballast, hot and cold) and thermal deformation of engine bed plate.

The purpose of this paper is to verify a reliable optimum shafting
alignment for extra large container vessel. Therefore shafting design and
installation to static and running condition for the optimal shafting installation
of extra large container vessels with the long shaft would be introduced.
Futhermore, considering the effects of main engine bearing’s numbers and
thermal deformation, the calculation was performed.

Also the results were investigated when vertical direction stiffness is
considered to linear and rigid support. As a result, off-set of the long shaft
was few changes, but in case of short shaft, the bearing reaction force of
MB1 was possible to unload state or negative load condition (=) due to
off-set's changes by elasticity. And at the installed shafting on the basis of
the shafting alignment calculation process, design results were compared with
the value of that by the jack-—up method to measure the reaction force of
each bearing in order to clarify the paper. Conclusively this vessel measured
at the bearing reaction force showed that close to the design value.

But first of all, the shafting alignment process mentioned is to be carried
out under the effective control on the basis of optimal design in order to
derive satisfactory results in the field.

Lastly this paper introduced the shafting alignment analysis result by using
programs of H classification society and shaft alignment through the eyes of

the optimal design strategies was sought.

- viii -
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Table 3.1 Crankweb deflection limits before chocking

Crankweb deflection limits before chocking[mm]
vertical horizontal
Reading max max.
convention: abso'lute abS(.)lulte
cyl.2 to ). cyl.1 deviation
cyl.1 cyl.(n-1) | cyl.(n)* dvggpon to between
Sy =1 M between
cyl.(n) : cyl.(n) | two
two adjacent .
o adjacent
cranks
cranks
%E'Cff‘gx +0.44 | 027 | +0:27 0.27 +0.11 0.11

Table 3.2 Crankweb deflection limits for ship’s service

Crankweb deflection limits for ship's service[mm]
vertical horizontal
Reading max max.
convention: absolute abS(.)lulte
cyl.2 to deviation cyl.1 deviation
cyl.1 cyl.(n-1) | cyl.(n)* to between
4% L cyl.(n)™ betweep cyl.(n) | two
two adjacent .
cranks® adjacent
cranks
%E'Cff‘? +0.71 | +0.44 | +0.44 0.27 +0.18 0.11
1 T/V @97k e dde] B9
2 T/V EE7E de A A
3ol e HAF 5L AT AT olh Ty F o B2 A 298 W FuzA o] g Hrh
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Fig. 4.6 Jack—up measurement for aftmost main bearing
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Steel bar
- Jack
Staal beam

Fig. 4.7 Dial gage position for aftmost main bearing

jack—up measurement

_30_



Table. 4.1 Static main bearing load limits
for new alignment of Sulzer engines

Recommended static loads for alignment in new buildings
at cold/stopped condition [kN] (mb means main bearing.)

Engine type aftmost mbl mb?2 mb3
RTA48T/T-B min. 20 70 to 170 *]1)
RTA50B/D )
RT-flex50/B/D min. 20 70 to 170 1)
RTA52/U min. 20 70 to 170 *1)
RTAS8T/T-B )
RT-flox58T-B min. 20 100 to 220 *1)
RT-flex60C/C-B min. 20 120 to 280 *1)
RTA62/U/U-B min. 20 120 to 280 *]1)
RTA68-B/-D \
RT-flex68-B/-D min. 30 150 to 330 *1)
RTA72/U/U-B min. 30 150 to 330 *]1)
RTA/RT-flex82C min. 30 220 to 470 *1)
RTA/RT-flex82T min. 10 230 to 500 *1)
RTA84T/T-B/T-D y
RT—flox84T-D min. 10 230 to 470 1)
RTAR4C/C-U min. 40 220 to 500 *]1)
RTA96C/C-B )
RT-flex06C B min. 50 250 to 550 1)

*]1) The evaluated static load of mb3 needs to be at least 60 % of the static
load which is evaluated for mb?2.
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Table. 4.2 Acceptable bearing loads
for various engine type of MAN B&W

Engine Aftmost main bearing Other main bearings
Type Max reaction[kN] Max reaction[kN] | Main reaction[kN]
S-26MC 82 82 4
L-35MC 134 134 7
L-35MCE 134 134 7
S-35MC 137 137 7
S-35ME-B 146 146 7
S-40ME-B 175 175 8
L-42MC 186 186 9
L-42MCE 186 186 9
S-42MC 210 210 11
S-46MC-C 250 250 13
L-50MC 252 o7 13
L-50MCE 252 252 13
S-50MC 273 273 14
S-50MC-C 291 291 15
S-50MCE 291 291 15
S-50ME-B8 291 291 15
S-50ME-B9 291 291 15
S-50ME-C 291 291 15
L-60MC 363 363 18
L-60MC-C 420 420 21
L-60MCE 363 363 18
L-60ME-C 420 420 21
S-60MC 409 409 20
S-60MC-C 420 420 21
S-60MCE 409 409 20
S-60ME-C 420 420 21
S-60ME-GI 420 420 21
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Engine Aftmost main bearing Other main bearings

Type Max reaction[kN] Max reaction|kN] | Main reaction[kN]
S-65ME-C 463 463 23
S-65ME-GI 463 463 23
L-70MC 574 574 29
L-70MC-C 573 573 29
L-70MCE 574 574 29
L-70ME-C 573 573 29
S-70MC 559 599 28
S-70MC-C 573 573 29
S-70MCE 559 559 28
S-70ME-C 573 573 29
S-70ME-GI 573 573 29
K-80MC
K-80MC-C 793 793 40
K-80ME-C6 793 793 40
K-80ME-C9 793 793 40
L-80MC 730 730 37
L-80MCE 730 730 37
S-80MC 730 730 37
S-80MC-C 785 785 39
S-80MCE 730 730 37
S-80ME-C8 785 785 39
S-80ME-C9 785 785 39
K-90MC 485% 921 46
K-90MC-C 441 906 45
K-90MCE 485% 906 46
K-90ME-C6 441 906 45
K-90ME-C9 441 906 45
L-90MC 958 958 48
L-90MCE 958 958 48
S-90MC-C 958 958 48
S-90ME-C 958 958 48
K-98MC 1120 1120 56
K-98MC-C 1120 1120 56
K-98ME-C 1120 1120 56
K-98ME 1120 1120 56
K-108ME-C 1180 1180 59

* Aftmost and other main bearings are not equal in reaction.

Minimum reaction for aftmost engine bearing is zero.
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Fig. 4.8 Example of reaction measurement
of stern tube forward bearing

(. Dol gauge
P TR - tly
. ¥ t__!
| { ~.
. - L
| |
( |} | | I
.],-!—1 Hyrdra b fnck
U
o
™ Ol pressure

Fig. 4.9 Reaction measurement of intermediate shaft bearing
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Table 5.1 Specification of shafting system

Vessel Type 13,100 TEU Container Vessel
Type 12RT-Flex 96C-B
MCR 68,640 kW x 102 rpm
Main Engine NCR 61,7716 kW x 985 rpm
g;llrfrll 21(2; Pt Twelve(12)
Type Fixed pitch propeller with 6 blade
Diameter 8,800 mm
Propeller Material Ni-Al-Br
Mass 103,710 kg
Length 15,570 mm
Propeller Shaft Diameter 970 mm
Mass 88,108 kg
Length 14,550 mm
AFT ) Diameter 795 mm
Intermediate Shaft Mass 59232 ke
Length 6,200 mm
Elvtgnediate Shaft [ ameter 95 mm
Mass 26,834 kg
Stern Tube Length 2,400 mm
AFT bearing Material Cast Iron Lined White Metal
Stern Tube Length 800 mm
FWD bearing Material Cast Iron Lined White Metal
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Fig. 5.1 Shaft model used to calculate shaft alignment
for 13,100 TEU container carrier

Fig. 5.2 Calculation result of reaction for reaction force at cold (20TC)
and static condition by half immersed propeller
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Fig. 5.3 Calculation result of reaction for reaction force at hot (55TC)
and dynamic condition by full immersed propeller

Fig. 5.4 Deviation of reaction forces between dynamic
and static conditions in propulsion shafting
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Fig. 5.5 Bearing numbers considered in the calculation
of alignment for propulsion shafting
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Static load of aftmost [ MB1 < MB2 |, 18] 3L
Static load of [ 0.9MB2 < MB3 ]

kel ARE-% = 479l RT-flex 96C-B9] 4

Table 5.2 Recommended static load

Recommended static loads for alignment layout calculations of
newbuildings at cold/stopped condition [kN]

Engine type Aftmost MB1 MB?2 MB3
RT-Flex96C-B Min. 50 200 to 550 * 1)

* DAE MB3 9] B4 shga2 MB2 o A4 atsgtel 4 90% ofofof g}

Table 5.3 Static load of main bearing

Static main bearing load limits for ships commissioning [kN]

Engine type MBI1, MB2, MB3 Sum of MB1 + MB2
RT-Flex96C-B Min. 50 Min. 500
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Fig. 5.6 Height for calculating the thermal rise of the main bearings

z27] A
No. 2 No. 1
Int. b're | Int. b'rg MB1 MB2 MB3 MB4 MB5
253 mm | 6.14 mm | 6.12 mm | 6.09 mm | 6.07 mm | 6.04 mm
0 mm
down down down down down down
2. Wlol® FEol(H)
Intermediate bearing seat(H1) 1,305 mm
Intermediate bearing body(H2) 735 mm
Main engine sump tank(H3) 1,380 mm
Main engine body(H4) 1,800 mm
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3. 4E A 9% =5 1 AH
AH= CH(T,— T,) [mm]

o}7]1A, C: A 5 mm/°C]

* Steel(bearing seat) : 10.75x10°¢
e Cast iron(Int. bearing body) : 10.20<10"°
e Main engine bearing 4.60<107°
4. +-F9 Hat S5(T)
Int. b'rg Int. b'rg M/E M/E
seat body /74 body
tank
Temp [°C] 20 35 25 b5
o] Al rA 3= Table 5.4°0 4 HojFa o ofgfe] AV

HN

e o]gste] 7]
=

S (T)]) 0T, 10T, 20C, 30TelA <] Hojs Al WatE LHER

X2
oy

Table. 5.4 Calculation results of each bearing offsets
at different temperature at setting condition

. 0°C 10°C 20°C 30°C
Vertical No. 2 Int
offset Ob,rg“' 0.44 down | 0.30 down | 0.16 down | 0.02 down
at setting
condition | preg | 297 down | 283 down | 269 down | 255 down
[mm] M/E BRG | 7.00 down | 6.84 down | 6.68 down | 6.52 down
Table 5.4% o]&3le] %o & z} wojge] Wty zolE Ay iy gy}, o
ZIME daEA ez 20ColA 3 & wojy ¥k s A3kt Fig
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1. with propeller eccentric thrust : 0.3502x<10"*rad [0.0175 deg]

2. without propeller eccentric thrust : 0.5786 <10 rad [0.0332 deg]

Deflockion

Fig. 5.8 Deflection curve at M/E running condition
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Fig. 5.9 Modification of AFT stern tube bush

Fig. 5.10 Double slope machining

Fig. 5.11& ¢ A4 AxE 7|vtoz 3t Ao 713 2@ A= dxe
HolFa 9lon wolg AHAF 7FF FLx9 0.2833x10 *rad[0.0162 deg] ~
0.3833 10~ rad [0.0220 deg]-& w3}l T},
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Fig. 5.11 Measurement result of S/T bearing slope machining
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Fig. 5.12 Initial condition for bearing of main engine"”
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Table 5.5 Results calculated by H Class Society program
at each bearing with infinite stiffness

Distance Offset Load Pressure

[m] [mm] [N] [MPa]
AFT S/T b'rg 4,321 0.00 1,439,590 0.65
FWD S/T b'rg 13,221 0.00 268,639 0.41
AFT Int. b'rg
(No2 Int b'rg) 20.111 0.00 313,714 0.85
FWD Int b'rg o
(No.l Int b'rg) 28.011 2.53 360,311 0.98
MB1 37.191 -6.14 274,102 0.76
MB2 38.101 -6.12 338,008 0.94
MB3 39.782 -6.09 445524 1.69
MB4 41.463 -6.07 483,125 1.83
MB5 43.144 -6.04 475,685 1.81
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Fig. 5.13 Calculation result of reaction forces at each bearing

Fig. 5.14 Calculation result of pressure at each bearing
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Table 5.6 Results calculated at each bearing
considering elastic support

Distance Offset Load Pressure

[m] [mm] [N] [MPal
AFT S/T b'rg 4.321 0.00 1,439,595 0.65
FWD S/T b'rg 13.221 0.00 268,631 0.41
AFT Int b'rg
(No.2 Int b'rg) 20.111 0.00 313,751 0.85
FWD Int b'rg B
(No.l Int b'rg) 28.011 2.53 360,410 0.98
MB1 37.191 -6.14 251,720 0.70
MB2 38.101 -6.12 338,030 0.94
MB3 39.782 -6.09 449,399 1.70
MB4 41.463 -6.07 472,814 1.79
MB5 43.144 -6.04 496,481 1.89
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Fig. 5.15 Calculation result of reaction forces for each bearing

Fig. 5.16 Calculation result of pressure for each bearing

_58_



st &

5

ol Xt} MB1e] -

tole wel o= AL

AT

<]

7

g X OB g W
- o
55T
_ o "
TOUR o g
oy E ﬂ@d e :i
o o T al|
S X ° MA o]
LGS = oF R
M WM E B -
R AR
"o ) ‘E
ofm - Mm —
CRNCE T
e ~ OC ‘W‘_ MEHI
T xRy
T o X E o
(CHIE I N
S = R o o
o % _zrn Lf NG
N N
TS A o) = W
T oW oo oo
ST
P Ve T
= I W X o
e
T T — o
L Moo e
o oy o ol A
ol o ROOX i
or T o W
- %o 2
ojy i o
oo w o o
o M o W E R

Fig. 517 Comparison with reaction forces between infinite
stiff bearing and flexible bearing
—_ 59 —_



ol
N
[S}

>
2
AN
R
o
=
2
ot
=
i)
A
ol

AX FRAFAL 42 ALE HolHE ngow A FA AES HAAFA
ow Mg T AJL ol &3t wojy wHEHE =AY}
Table 5.7 7} wloj=&de] A v A= Axto|r). 18la Fig. 5.18, Fig.

Axpel wel 39 FA% velge A A%

2

AsolH, a7l

r>~1
Y
BN
>
lo
[H
i)
o
o
oo
e
2
A
B
i
M
rx
o
s

£
N
=

30
vl

Table 5.7 Actual measurement result of each bearings
by using jack—up method

FWD S/T No. 2 Int No. 1 Int
| ) \ MB1 MB2 | MB3
b'rg b'rg b'rg
B'rg load
[kN] 175.0 277.9 359.6 60.4 | 401.3 | 497.2
oy - [mremecs e e
Cwmer - Viessel Narme: g Draughts: fore (8Tt [m]  |2.46.2
Classification sociaty: [Top Cleamance frum] : 0.58 mm
Date of Massursment: Crank Angle ¢yl [deal:
Vassels Localion: ] Comments 1: wuplaﬂfdum;ﬁmdrm
Correction £ E commen
ﬁt Area: ton Fattor: I:S‘r‘:‘;‘zem’ 3 Commants 2:
Calculated Baaring Load: 6.2 tonne. f. 3 604 kN
S 1?311}1 z
EE1 (2 I S D |
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Fig. 5.18 Measurement result of MB1
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