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The Flexibility Estimation of Bearing Reaction for Propulsion
Shaft System using the Approximated Hull Deflection Curve

Jin Suk, Sun

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

Basically, the shaft alignment is performed to reduce the load at the
end of after stern tube bearing. However, by being what ships are
being bigger and engine power 1S being larger, the damage of bearing
in propulsion shaft system has been increased. For recently built ships,
the double bottom of machinery room included engine is easy to
deflect by being been thin by hull optimization, but the diameter of
propulsion shaft system is opposite because engine power is being
larger. As a result, damage of intermediate shaft bearing, stern tube
bearings and main bearings are being increased because propulsion
shaft is difficult to follow hull deflection.

Generally, there are two methods to investigate the hull deflection,
one is by finite element analysis and the other is by reverse analysis
measured data. The method by finite element analysis is intricate to
solve it because the method needs lots of time and costs for modeling

and reliability of result has limitation. After solving the bearing



reaction force using strain gage, also the hull deflection estimation by
reverse analysis is too about time and costs. Moreover it is difficult to
reflect and to guess measured values at design state. Also, these
methods are hard to apply because hull deflection can be different
according to variety of loading conditions and sea conditions.

On this study, the approximated hull deflection curve that represent
deflection trend has been suggested using the data by reverse
analysis. The shaft alignment flexibility for the hull deflection has been
suggested the method to estimate using the approximated hull
deflection curve. The reference of flexibility estimation for calculated
bearing reaction has been defined by the permitted limit that is
recommended by engine and bearing makers also bearing reaction by
hull deflection has been calculated using ANSYS and flexibility of
shafting system has been estimated. As a rule, Omm as base line is at
stern tube bearing when shaft alignment is calculated but it has been
confirmed that shaft alignment 1s more flexible when the shafting
system has the deflection value from after stern tube bearing as
reference to bottom direction. By applying this result of study, the
shaft alignment for next ships will be able to estimate how to follow
the hull deflection and how to be influenced by hull deflection at shaft

alignment analysis state using the approximated hull deflection curve.
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7850kg/m’ o2 3] d|AS GaE ).

Table 3.1 Specifications of the propulsion shaft

Vessel type 320,000 DWT VLCC
6S90MC-C
MCR 40,000 BHP x 76 rpm

Diesel engine -
Journal diameter : 840 [mm] / 150 [mm]

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

Propeller Materials @ Ni-Al-Bronze
Mass @ 74,958 [kgl

Cap mass : 820 [kg]
Mass : 5,230 [kg]

Flywheel
Number of teeth : 80
32382
9562 (Propeller Shatt) 10318 (Intermediate Shaft) 12502 (Crank Shaft)
3242 4925 _ 6145 e 6343 i1205 1526 , 1602 1602 | 1602 K 1602 1602
| | A I I O I
| | | ]
A A A A A A A A A
After Stamn Tube Forward Stamn Tube i f i ; MNo.3  MNod  No5 Nob  No7 NoB
Bearing ! Bearing ! Intasmaciate Shait Bearing No.1 No.2 Bearing Bearing Bearing Bearing Bearing Bearing

Bearing Bearing

Fig. 3.8 Drawing of propulsion shaft system

—— ey

Fig. 3.9 The shafting 3D-modeling for bearing reaction analysis
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Crank Shaft
Fig. 3.10 Finite element model(FEM) grids for bearing reaction analysis
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Fig. 3.12 Bearing reaction forces analyzed by various programs
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Average Variation by Thermal Expansion

Fig. 4.1 Expansion of an main engine deck
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Fig. 4.3 Estimated deflection of a main engine
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Hull Deflection [mm]

Hull Deflection [mm)]
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Fig. 4.6 Measured bearing offset translation curves
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Fig. 4.7 Averaged hull deflection curve
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Fig. 4.8 Recalculated averaged hull deflection approximate curve
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Table 4.1 Vessel types for bearing reaction force calculation

Vessel Type
175,000 DWT Bulk Carrier
320,000 DWT Crude Oil carrier
159,000 DWT Crude Oil Carrier
46,000 DWT Product/Chemical Tanker
105,000 DWT Product Carrier

Ol W ||+

Table 4.2 Acceptable bearing loads for various engine type of MAN B&W

Aftmost .engine Other engine bearings
Engine type bearing
Max. Max. Min.
reaction (kN) reaction (kN) reaction (kN)
S90OMC-C/ME-C 958 958 48
S70MC-C/ME-C 573 573 29
S70MC 559 559 28
S60MC-C/ME-C 420 420 21
Minimum reaction for aftmost engine bearing is zero.

Table 4.3 Acceptable bearing pressures for stern tube bearings and

intermediate shaft bearing

Max. pressure (Mpa) Min. pressure (Mpa)
After stern tube bearing 0.8 0
Fore stern tube bearing 0.8 0
Intermediate shaft bearing 0.6 0

(1) 179 b EF A=24 FAY +94 314

A sl A i Adbe] dnk ARFS: Table 4.49F ) o] Auke] vl
A2 MAN B&WARS] 6S70MC <lzlo]m 81 rpmell4l 20,400 BHPO|t}. 3
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Table 4.4 Specifications of the propulsion shaft(1)

Vessel Type

175,000 DWT Bulk Carrier

Main Engine

B&W 6570MC, MCR 20,400 BHP at 8lrpm

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]
Table 4.5 Hull deflection approximate value

Design Hull deflection at BHD (mm)
Bearing offset

(mm) 0.5 0.78 1 1.25 1.5
Aft. S/T 0.000 -0.787 | =1.180 | -1.574 | -1.967 | -2.360
Fwd. S/T 0.000 -0.562 | -0.828 | -1.104 | -1.380 | -1.656
Int. Brg. -2.730 -2.803 | -2.840 | -2.876 | -2.913 | -2.949
M/E Brg.8 | -4.140 -4.140 | -4.140 | -4.140 | -4.140 | -4.140
M/E Brg.7 | -4.140 -4.107 | -4.091 | -4.074 | -4.058 | -4.042
M/E Brg.6 | -4.140 -4.085 | -4.057 | -4.030 | -4.002 | -3.975
M/E Brg.5 | -4.140 -4.074 | -4.040 | -4.007 | -3.974 | -3.941
M/E Brg.4 | -4.140 -4.073 | -4.040 | -4.007 | -3.974 | -3.940
M/E Brg.3 | -4.140 -4.085 | -4.057 | -4.029 | -4.001 | -3.974
M/E Brg.2 | -4.140 -4,107 | -4.090 | -4.073 | -4.057 | -4.040
M/E Brg.1 | -4.140 -4.140 | -4.140 | -4.140 | -4.140 | -4.140

28,206

8,000 (Propeller Shaft)

10,200 (Intermediote Shoft) 10,006 (Main Engine Shoft)

ERRR

Fig. 4.9 Shafting system of 175,000 DWT bulk carrier
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Fig. 4.11 Comparison of analyzed bearing reaction forces according

to the hull deflection approximate curves
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Table 4.6 Specifications of the propulsion shaft(2)

Vessel Type

320,000 DWT Crude Oil carrier

Main Engine

B&W 6590MC-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]
Table 4.7 Hull deflection approximate value

Design Hull deflection at BHD (mm)
Bearing offset

(mm) 0.5 0.75 1 1.25 1.5
Aft. S/T 0.000 -0.972 -1.457 -1.943 -2.429 -2.915
Fwd. S/T 0.000 -0.539 -0.808 -1.077 -1.347 -1.616
Int. Brg. -3.280 -3.708 — R 2 -4.136 -4.350 -4.564
M/E Brg.8 -4.910 -4,910 | -4.910 | -4.910 | -4.910 | -4.910
M/E Brg.7 | -4.910 -4.883 | =4.870 | -4.857 | -4.843 | -4.830
M/E Brg.6 -4.910 =4.857 -4.831 -4.804 -4.778 -4.751
M/E Brg.b -4.910 -4.843 -4.810 -4.776 -4.743 -4.709
M/E Brg.4 -4.910 -4.841 -4.807 -4.773 -4.739 -4.704
M/E Brg.3 -4.910 -4.852 | -4.823 | -4.794 | -4.765 | -4.736
M/E Brg.2 -4.910 -4.875 -4.857 -4.840 -4.822 -4.805
M/E Brg.1 -4.910 -4.910 -4.910 -4.910 -4.910 -4.910

32173

9,563 (Propeller Shaft)

10,318 (Intermediote Shaft)

12,292 (Moin Engine Shaft)
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Fig. 4.12 Shafting system of 320,000 DWT crude oil carrier
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Fig. 4.14 Comparison of analyzed bearing reaction forces according

to the hull deflection approximate curves
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Table 4.8 Specifications of the propulsion shaft(3)

Vessel Type

159,000 DWT Crude Oil Carrier

Main Engine

B&W 6570MC-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]

Table 4.9 Hull deflection approximate value

Design Hull deflection at BHD (mm)
Bearing offset
(mm) 0.5 0.75 1 1.25 1.5
Aft. S/T 0.000 -0.778 -1.167 -1.555 -1.944 -2.333
Fwd. S/T 0.000 -0.510 -0.765 -1.020 -1.275 -1.530
Int. Brg. -2.300 -2.600 -2.749 -2.899 -3.049 -3.199
M/E Brg.8 -2.710 -2.710 =2.710 -2.710 -2.710 -2.710
M/E Brg.7 -2.710 -2.662 -2.638 -2.615 -2.591 -2.567
M/E Brg.6 -2.710 -2.621 -2.576 -2.532 -2.487 -2.443
M/E Brg.5 -2.710 -2.599 -2.544 -2.489 -2.433 -2.378
M/E Brg.4 -2.710 -2.597 -2.541 -2.485 -2.429 -2.372
M/E Brg.3 -2.710 -2.615 -2.568 -2.520 -2.473 -2.426
M/E Brg.2 -2.710 -2.653 -2.624 -2.596 -2.567 -2.538
M/E Brg.1 -2.710 -2.710 -2.710 -2.710 -2.710 -2.710
25,241
B,353 (Propeller Shaft) 7,648 (Intermediate Shaft) 9,204 (Main Engine Shaft)
| | T _ﬂ | D S SO
: =
] é na % % [ ]

Fig. 4.15 Shafting system of 159,000 DWT crude oil carrier
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to the hull deflection approximate curves
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Table 4.10 Specifications of the propulsion shaft(4)

Vessel Type 46,000 DWT Product/Chemical Tanker

Main Engine B&W 65S50MC, 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]

Table 4.11 Hull deflection approximate value

Design Hull deflection at BHD (mm)
Bearing offset

(mm) 0.5 0.75 1 1.25 1.5
Aft. S/T 0.000 -0.682 -1.022 -1.363 -1.704 -2.045
Fwd. S/T 0.000 -0.524 -0.786 —-1.048 -1.311 -1.573
Int. Brg. -2.020 -2.215 -2.312 =2.410 -2.507 -2.604

M/E Brg.8 -3.500 =3.500 | =3.500 | -3.500 | -3.500 | -3.500

M/E Brg.7 -3.500 -3.482 | =3.473 | -3.464 | -3.455 | -3.446

M/E Brg.6 -3.500 -3.468 | -3.451 | -3.435 | -3.419 | -3.403

M/E Brg.5 -3.500 -3.460 | -3.440 | -3.420 | -3.400 | -3.380

M/E Brg.4 -3.500 -3.460 | -3.439 | -3.419 | -3.399 | -3.379

M/E Brg.3 -3.500 -3.466 | -3.449 | -3.432 | -3.415 | -3.398

M/E Brg.2 -3.500 -3.480 | -3.469 | -3.459 | -3.449 | -3.439

M/E Brg.1 -3.500 -3.500 | -3.500 | -3.500 | -3.500 | -3.500

21,769

6,122 (Preopeller Shaft) 8,300 (Intermediate Shaft0 7.347 (Main Engine Shaft)

|| | hlllllll
i i! % %ilééééﬁi!

Fig. 4.18 Shafting system of 46,000 DWT product/chemical tanker
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Fig. 4.20 Comparison of analyzed bearing reaction forces according

to the hull deflection approximate curves
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Table 4.12 Specifications of the propulsion shaft(b)

[e)
fadoe

]

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]
Table 4.13 Hull deflection approximate data

Design Hull deflection at BHD (mm)
Bearing offset

(o) 0.5 0.75 1 1.25 1.5
Aft. S/T -0.145 -0.767 | -1.078 | -1.390 | -1.701 | -2.012
Fwd. S/T 0.000 -0.513 -0.770 -1.027 -1.283 -1.540
Int. Brg. -1.000 &1 AU -1.305 -1.406 -1.508 -1.609
M/E Brg.9 -1.650 -1.650 =1.650 -1.650 -1.650 -1.650
M/E Brg.8 -1.650 -1.610 | -1.635 | -1.630 | -1.624 | -1.619
M/E Brg.7 -1.650 -1.578 | -1.622 | -1.613 | -1.603 | -1.594
M/E Brg.6 -1.650 -1.558 -1.614 -1.603 -1.591 -1.579
M/E Brg.5 -1.650 -1.551 -1.612 -1.599 -1.586 -1.573
M/E Brg.4 -1.650 -1.557 -1.614 -1.602 -1.590 -1.578
M/E Brg.3 -1.650 -1.575 -1.621 -1.611 -1.602 -1.592
M/E Brg.2 -1.650 -1.606 -1.633 -1.627 -1.622 -1.616
M/E Brg.1 -1.650 -1.650 -1.650 -1.650 -1.650 -1.650
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Reaction Force [kN]

25,905

8,673 (Propeller Shaft) 8,144 (Intermediate Shaft) 9,088 (Main Engine Shaft)
ol S

EEREE

Fig. 4.21 Shafting system of 105,000 DWT product carrier
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Fig. 4.23 Comparison of analyzed bearing reaction forces

according to the hull deflection approximate curves
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Table 4.14 Hull deflection approximate data

Hull deflection at BHD (mm)

Bearing
0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5
Aft. S/T |-0.767|-1.078|-1.390|-1.701 |-2.012 |-2.323 |-2.634 |-2.945 |-3.256
Fwd. S/T|-0.513(-0.770[-1.027 [-1.283 |-1.540|-1.796 |-2.053 |-2.310 |-2.566
Int. Brg |-1.203|-1.305|-1.406|-1.508 |-1.609|-1.711|-1.812|-1.914 |-2.016
M/E Brg.9|-1.650|-1.650|-1.650|-1.650|-1.650|-1.650|-1.650|-1.650|-1.650
M/E Brg.8|-1.610|-1.635|-1.630|-1.624|-1.619|-1.614 |-1.609 |-1.604 |-1.599
M/E Brg.7(-1.578|-1.622|-1.613|-1.603|-1.594 |-1.585|-1.576 |-1.566|-1.557
M/E Brg.6(-1.558|-1.614|-1.603|-1.591|-1.579|-1.567 |-1.555|-1.543|-1.531
M/E Brg.5(-1.551|-1.612|-1.599|-1.586|-1.573|-1.561 |-1.548 |-1.535|-1.522
M/E Brg.4|-1.557|-1.614|-1.602|-1.590|-1.578 |-1.566 |-1.554 |-1.542|-1.530
M/E Brg.3|-1.575|-1.621|-1.611|-1.602 |-1.592|-1.582|-1.573|-1.563|-1.553
M/E Brg.2|-1.606|-1.633|-1.627|-1.622|-1.616|-1.610|-1.605|-1.599|-1.593
M/E Brg.1{-1.650|-1.650|-1.650(-1.650|-1.650 [-1.650 |-1.650|-1.650|-1.650
BHD

05 !
. 0o e
E 05 | i —— BHD 0.50mm|
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g ——BHD 1.00mm
S sl — BHD 1.25mm|
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-3.5
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Bearing Position

M/E§ —— = M/E1

Fig. 4.24 Hull deflection approximate curves
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Fig. 4.25 Comparison of analyzed bearing reaction forces according

to the hull deflection approximate curves
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