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A Study on the Measurement and Analysis of Bearing Reaction
Forces of Marine Propulsion Shafting

System using Strain—-Gauge

Kim, Chul Woo

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

Modern ship hulls of large oil carriers and container carriers have
become more flexible with scantling optimization and increase in ship
length. On the other hand, as the demand for power has increased with
the ship size, shaft diameters have become larger and stiffer.
Consequently, the alignment of the propulsion system has become more
sensitive to hull girder deflections, resulting in difficulties in analyzing the
alignment and conducting the alignment procedure. Accordingly, the
frequency of shaft alignment related bearing damages has increased
significantly in recent years. Specially, after stern tube bearing damage
and failure for large oil carriers have been reported several times.
However, the bearing reaction of the after stern tube bearing cannot be
measured by jack-up method due to the hull structure condition.
Therefore, when the jack-up method is used for the bearing reaction
measurements, the bearing reaction for the after stern tube bearing

obtained from the theoretical calculation method have to be used.

In this paper, the shaft alignment on the large oil carrier is theoretically

calculated and the differences between the calculated and actual installed



bearing reaction values are compared. The bearing reactions for forward
stern tube bearing and intermediate bearing are calculated by the simple
formula using the strain gauge bending moments obtained from the
measurements. Their reliability is confirmed by comparing the bearing
reactions from jack-up method and the bearing reaction for after stern
tube bearing 1is calculated by the same method. Also, the bearing
reactions on the after stern tube bearing, forward stern tube bearing and
intermediate shaft bearing under all operating conditions are calculated by
using the bending moments obtained from the measurements and it is
confirmed that the differences of the bearing reaction for all operating
conditions are caused from hull deflection. The results of this study
should prove useful for the future projects of the alignment calculation

including the hull deflection effectiveness
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Fig. 3.1 Measurement of bearing load by jack up method

Fig. 3.2 Bearing load measurement at intermediate shaft bearing
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Table 4.1 Specification of the shafting system

Vessel type 320,000 DWT VLCC

6590MC-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 Material : Ni-Al-Bronze

Mass in air : 74,958 [kg]

Cap mass : 820 [kg]

Mass : 5,230 [kg]

Flywheel
Number of teeth : 80
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Fig. 4.1 Schematic of the strain gauge location
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Fig. 4.2 Strain gauge fitting and connection
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Fig. 4.4 Calculation of hot condition - without propeller thrust moment
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Table 4.2 Results of Bearing Load by Jack up

Measured reaction [kN]

Launching-|Launching-| Ballast- Ballast- Laden- Laden-
Before Abj. | After Abj. |APT-Empty|APT-Full | APT Empty |APT Full

Aft_ ST N/A N/A N/A N/A N/A N/A

Fwd_

ST 201.0 138.0 143.9 57.0 152.3 83.8
Int_ Ber. 180.7 232.4 179.0 185.5 114.3 225.3
ME#1 Unload Unload 177.8 171.4 120.3 200.8
ME#2 501.8 345.0 244.7 244.7 144.0 160.9
ME#3 339.3 370.8 335.0 282.9 356.7 370.1
ME#4 583.1 530.9 N/A N/A N/A 526.6
ME#5 401.6 233.2 N/A N/A N/A 475.8
ME#6 N/A 552.5 N/A N/A N/A S77.5
ME#7 N/A 156.4 N/A N/A N/A 300.4
ME#8 N/A 204.9 N/A N/A N/A 1524
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Table 4.3 Results of Bending Moment by strain gauge

Measured bending moment [kN - m]
Launching- | Launching-| Ballast- Ballast- Laden- Laden-
Before Abj.| After Abj. |APT-Empty |APT-Full |APT- Empty |APT Full
SG5 388 115 180 -42.6 242 72
SG4 N/A N/A -41.5 -168.5 71.6 =73
SG3 63 42 -114 -190 -48.5 -58.5
SG2 -123 -190 ol -228.5 -86.7 -63
SG1 -302 — 5} 5 =194 57 65
423 2EHQA Aol Az AT Wol7y w
3FA A%T o2 WAL Mo 2EAN AdAR ZAT #Y
EHEZS o] gsto] wolyg WS sfAstal o] = Table 4401 A skttt
o] A3E A-¢ow =AW Woly v wmetgdon ofF Fig. 45~
460 HlTH
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Table 4.4 Results of bearing reaction load by strain gauge

Calculated results of bearing reaction [kN]
. i Laden—
Launching- |Launching—| Ballast- Ballast- Laden-
Dry Dock ] APT
Before Abj.| After Abj. |APT-Empty APT-Full APT Full
Empty
Aft.
S/T | 1125.9 981.7 1041.7 1079.1 1137.3 | 1033.6 | 1075.7
Brg.
Fwd.
S/T 100.8 157.1 148.9 141.7 78.0 1114 43.8
Brg.
Inter.
Brg 229.0 188.6 201.4 151.3 171.9 814 171.9

Fig. 45+ A% Avjd wojgeor 2= AlolA g A-& o] &l

Aol glo}

e
Lo

4% Aol o]F AED HWH F g ARl of

dirH oz ZA wHo] EAZE 2 AEe ojyrh. 1yu W AE) ¥ o
€ £ EF APTY xd ®H3to wd Hold o wkgo] wA= F3fo
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Fig 4.8 Measured and calculated bearing reaction force for afloat

condition
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Fig 4.9 Measured and calculated bearing reaction force for Hot-without

propeller thrust moment
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