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Effect of the Shafting Alignment Modeling

for Bearing Reaction Analysis

HeonKwon, Lee

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

Recently, low speed large diesel engines which are two stroke type used
in ship have been increased bearing damage at aft side of main engine due
to the effects of inadequate shafting alignment. A double bottom of engine
room Including a main engine is growing tendency so that the hull
thickness which is optimized is getting thin that the hull deforms easily
and a propulsion shaft can't follow in deformations of the hull and main
engine the reason is that the propulsion shaft has a opposite tendency, so
bearings which are located in main engine should be occur damages.

A shafting alignment calculation is the first step in a shafting alignment
process. The one of important problems is how can be estimated exactly
for bearing reaction forces in the static state. It has to estimate exactly
for bearing reaction to ensure stability about results of the shafting
alignment work.

Main engine bearings have margin of load so that they prevent before

damage and it needs to design flexibly so that it copes with the several



situations. It needs to calculate alignment which is including main engine
bearings and to do alignment calculation of high accuracy including them
when measures are considered .

Main bearings which are considered in alignment calculation including
main engine bearings and shapes of engine internal modelling should be
reviewed. On this review is investigated calculating method of exact
bearing reaction, further.

There are not any regulations about number of main engine bearings to
consider shafting alignment calculation. And commonly, shafting alignment
considered by around four main engine bearings is calculated in tail of
hull. Bearing reaction forces which is considered in variable shafting
alignment is that depend on main engine bearing, so that it needs to
review. On this wise, as stands on reviewed results it is investigated to
search for bearing reaction forces exactly to number of main bearings in
shafting alignment calculation.

The shafting alignment calculation dose not correspond with the real
modeling of engine internal shapes. Most of the shafting alignment
calculations assume that a crank shaft is continuous beams and it is
calculated by offering data from engine maker.

On this wise, when shafting alignment is calculated bearings reaction
forces which are depended on main engine bearing and engine modeling
shapes are reviewed so that it 1s investigated to search for methods for
exact bearing reaction forces. As the results of the methods, results which

are about shafting alignment work ensure stability.
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Table 3.1 specifications of the propulsion shaft

Vessel Type

320,000 DWT Crude Oil carrier

Main Engine

B&W 6S90MC-C, MCR 40,000BHP at 76rpm

Crankshaft Dia.(OD/ID)

990 [mm]/ 495 [mm]

Intermediate Shaft Dia.

725 [mm]

Propeller Shaft Dia.

810 [mm]

Propeller

4 blade fixed pitch, Dia. 9900 [mm]

32,173

9,563 (Propeller Shaft)

10,318 (Intermediate Shaft) 12,292 (Maoin Engine Shaft)

| | | | | |

| T
|
W

Fig. 3.2 The shafting system
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Fig. 3.4 Division of intermediate shaft for input
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Fig. 3.5 Division of crank shaft for input
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Fig. 3.6 Analyzed output of bearing reaction forces
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Table 3.2 Vessel types for bearing reaction forces calculation

Vessel Type
1 175,000 DWT Bulk Carrier
2 320,000 DWT Crude Oil carrier
3 159,000 DWT Crude Qil Carrier
4 46,000 DWT Product/Chemical Tanker
5 105,000 DWT Product Carrier
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Table 3.3 specifications of the propulsion shaft(1)
Vessel Type 175,000 DWT Bulk Carrier
Main Engine B&W 6S70MC, MCR 20,400 BHP at 81rpm

Crankshaft Dia.(OD/ID)

784 [mm]/ 115 [mm]

Intermediate Shaft Dia.

550 [mm]

Propeller Shaft Dia.

650 [mm]

Propeller

4 blade fixed pitch, Dia. 8350 [mm]

28,206

8,000 (Propeller Shaft)

10,200 (Intermediate Shaft) 10,006 (Main Engine Shaft)

| |

i ERRE

Fig. 3.7 Shafting system of 175,000 DWT bulk carrier
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Fig. 3.8 Comparison of analyzed bearing reaction forces according to the

main bearing number
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Table 3.4 specifications of the propulsion shaft(2)
Vessel Type 320,000 DWT Crude Oil carrier
Main Engine B&W 6S90MC-C, MCR 40,000BHP at 76rpm

Crankshaft Dia.(OD/ID) 990 [mm]/ 495 [mm]

Intermediate Shaft Dia. 725 [mm]

Propeller Shaft Dia. 810 [mm]

Propeller 4 blade fixed pitch, Dia. 9900 [mm]

32,173

9,563 (Propeller Shaft) 10,318 (Intermediote Shaft) 12,292 (Main Engine Shaft)

5 : ioiidi

Fig. 3.9 Shafting system of 320,000 DWT crude oil carrier
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Fig. 3.10 Comparison of analyzed bearing reaction forces

according to the main bearing number
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Table 3.5 specifications of the propulsion shaft(3)

Vessel Type 159,000 DWT Crude Qil Carrier

Main Engine B&W 6S70MC-C, MCR 25,320BHP at 91rpm

Crankshaft Dia.(OD/ID) | 840 [mm]/ 150 [mm]

Intermediate Shaft Dia. | 590 [mm]

Propeller Shaft Dia. 655 [mm]
Propeller 4 blade fixed pitch, Dia. 8200 [mm]
25,241
8,353 (Propeller Shaft) 7,648 (Intermediate Shaft) 9,204 (Main Engine Shaft)

EEEE

Fig. 3.11 Shafting system of 159,000 DWT crude oil carrier
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Fig. 3.12 Comparison of analyzed bearing reaction forces according

to the main bearing number
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Table 3.6 spe

H 3k Hol Hof
A Azl o=
-9 g A A4

cifications of the propulsion shaft(4)

Vessel Type

46,000 DWT Product/Chemical Tanker

Main Engine

B&W 6S50MC, MCR 11,500 BHP at 127rpm

Crankshaft Dia.(OD/ID)

560 [mm]/ 80 [mm]

Intermediate Shaft Dia.

410 [mm]

Propeller Shaft Dia.

470 [mm]

Propeller

4 blade fixed pitch, Dia. 5800 [mm]

21,769

6,122 (Preopeller Shaft)
|

8,300 (Intermediate Shaft0 7,347 (Main Engine Shaft)

|
|

| )

| t b § & 4

Fig. 3.13 Shafting system of 46,000 DWT product/chemical tanker
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Fig. 3.14 Comparison of analyzed bearing reaction forces

according to the main bearing number
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Table 3.7 specifications of the propulsion shaft(5)

Vessel Type

105,000 DWT Product Carrier

Main Engine

B&W 7560MC-C, MCR 21,490BHP at 105rpm

Crankshaft Dia.(OD/ID)

720 [mm]/ 115 [mm]

Intermediate Shaft Dia.

510 [mm]

Propeller Shaft Dia.

760 [mm]

Propeller

4 blade fixed pitch, Dia. 7450 [mm]

25,905

8,673 (Propeller Shaft)

8,144 (Intermedlote Shﬂft) 9,088 (Mcln Eng‘lne Shﬂﬂ)
L

EERER

Fig. 3.15 Shafting system of 105,000 DWT product carrier
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Fig. 3.16 Comparison of analyzed bearing reaction forces according to

the main bearing number
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Typical Element r ‘

Typical Mode

Fig. 4.1 Element and node
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Table 4.1 specifications of the propulsion shaft

Vessel type 320,000 DWT VLCC

6S90MC-C

MCR 40,000 BHP x 76 rpm

Journal diameter : 840 [mm] / 150 [mm]

Diesel engine

Crankpin diameter : 840 [mm]
4 blade fixed pitch
Diameter : 9,900 [mm]

Propeller Materials @ Ni—Al-Bronze
Mass : 74,958 [kg]

Cap mass : 820 [kg]
Mass : 5,230 [kg]
Number of teeth : 80

Flywheel
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Fig. 4.2 Drawing of shafting

Fig. 4.3 The shafting 3D-modeling for bearing reaction analysis

Propeller Shaft

Intermediate Shaft

Crank Shaft

Fig. 4.4 Finite element model(FEM) for bearing reaction analysis
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Reaction Force [N]

Fig. 4.5 Analyzed bearing reaction forces of shafting system
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Fig. 4.6 The result of analyzed bearing reaction forces

comparison according to different programs
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Intermediate Shaft
Fig. 4.7 Full modeling for bearing reaction analysis
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Propeller Shaft



Aft Fore

Fig. 4.8 Full modeling of main engine shaft

Fig. 4.9 Full finite element model of main engine shaft for

bearing reaction analysis

_46_



1200000 |-

| N Equivalent shaft|
i \EZZZ Real Model

1000000

0000 | L
600000 |----

400000 |-

Reaction Force [N]

200000 -

0

2200000 |- bbb

AIS FIS I No.i Ne2 No.3 Nod4 No5 No.& No.7 No.B
Bearing Position

Fig. 4.10 Comparison of analyzed bearing reaction forces between

equivalent shaft and real engine model by ANSYS
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Fig. 4.11 Comparison of analyzed bearing reaction forces
between ABS and ANSYS full modeling
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