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A study on the analysis of bearing reaction forces and hull deflections affecting shaft alignment

using strain gauges for a 50,000 DWT oil/chemical tanker
Jae-Ung Lee'
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Abstract: In modern ships, the shafting system often becomes stiff owing to the high engine power, whereas the hull structure
becomes more flexible owing to optimization using high-tensile-strength thick steel plates; therefore, more sophisticated shaft
alignments are required. In this study, strain gauge-based measurement was conducted under five vessel operating conditions
and bearing reaction forces and hull deflections affecting shaft alignment were analyzed for a 50,000 dead weight tonnage
oil/chemical tanker that has gained repute as an eco-friendly vessel in recent years. Furthermore, the analytical results from
each technique—theoretical calculation, jacking ups, and strain gauges—were cross-checked against each other in order to enhance
the degree of accuracy and reliability of the calculation.
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Table 1: Specification of shafting system
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Table 2: Position of strain gauges by axial location

N Distance from propeller shaft end
o. ()
SG#7 5,862
SG#6 6,875
SG#5 8,137
SG#4 8,972
SG#3 10,467
SG#2 12,712
SG#1 14,422

Vessel
50k DWT oil/chemical tanker
type
Main Type: MAN B&W 6GSOME-B
. MCR: 7,700 kW X 93.4 rpm
engine NCR: 5344 kW x 82.7 rpm
4 blade fixed pitch
Diameter: 6,600 mm
Propeller Material: Ni-Al-Bronze
Mass: 18,200 kg
Cap & nut mass: 1,538 kg
Flywheel Mass: 11,207 kg
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Figure 1: Shaﬂmg arrangement and allocated strain gauge
position
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Figure 2: General half bridge configuration and installation
of telemetric strain gauge system on the shafts
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Figure 3: Measured bending stress at ballast APT full con-
dition

obzfl Table 30| %7]¥ E5x3L th&3t 2t
D1: Light ballast APT empty

(aft: 6.6m fore: 3.4m)
D2: Scantling APT full

(aft: 12.6m fore: 13.2m)
D3: Scantling APT empty

(aft: 12.5m fore: 13.5m)
D4: Ballast APT empty

(aft: 7.9m fore: 6.3m)
D5: Ballast APT full

(aft: 8.95m fore: 6.45m)

Table 3: Processed bending moments from stain gauge under
five(5) draught condition

Gauge D1 D2 D3 D4 D5
# (kNm) | (kNm) (kNm)

SG7 85.1 733 83.8 75.1 64.6

SG6 77.4 74.4 82.8

SG5 59.3 63.2 69.2 523 44.1

SG4 12.5 243 30.5 -7.5 2.9

SG3 -58.1 -28.0 -23.4 -55.6 -56.0

SG2 -107.5 -59.0 -54.8

SG1 -109.6 -42.2 -40.6 -99.9 -86.1
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Figure 5: Layout diagram of intermediate shaft bearing
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Figure 6: Shaft alignment calculation model
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Table 4: Estimated bearing offsets based on strain gauge

measurement
D1 D2 D3 D4
D5 (mm)
(mm) (mm) (mm) (mm)
ASTB 0 0 0 0 0
1B 2.4 0.345 0.17 -1.85 -2.16

MBS -6.75 -2.407 -2.55 -5.91 -6.19

MB7 -6.74 -2.406 -2.55 -5.88 -6.17

MB6 -6.74 -2.406 -2.55 -5.85 -6.14

MBS -6.73 -2.405 -2.55 -5.82 -6.12

MB4 -6.72 -2.404 -2.55 -5.79 -6.09

MB3 -6.71 -2.403 -2.55 -5.75 -6.06
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Figure 7: Estimated hull deflection based on strain gauge
measurement
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Figure 8: Bending moment comparison at D1
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Figure 9: Bending moment comparison at D2
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Figure 10: Bending moment comparison at D3

300
—BM by calculated
T 250 ~ —BM by measured
2 200 -
=
« 150 -
g
g 100 -
£ 50 -
£ 0 ‘
E.so( 1 2345%6 78 51617 18 19 20
0 .100 -
-150 - Shaft length [m]
Figure 11: Bending moment comparison at D4
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Figure 12: Bending moment comparison at D5
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Table 5: Correlation among three technics under vessel’s five(5) condition

Draught
o Method ASTB IB MBS8 MB7 MB6
condition
Calculated 259.86 67.82 64.06 99.41 107.1
D1 Strain gauge 253.26 56.68 - - -
Jack up - 70.3 9.9 178.6 109.6
Calculated 257.07 68.08 121.28 31.08 127.12
D2 Strain gauge 250.04 66.01 - - -
Jack up - 67.2 93.1 103.5 97.7
Calculated 257.89 66.1 128.48 23.53 129.35
D3 Strain gauge 25291 6.52 - - -
Jack up - 69.9 77.7 126.2 78
Calculated 258.83 69.8 68.67 83.89 121.81
D4 Strain gauge 250.53 61.35 - - -
Jack up - 714 18.7 132.5 96
Calculated 260.3 66.07 92.58 46.14 149.96
D5 Strain gauge 247.67 65.66 - - -
Jack up - 65.5 32.9 153.8 102.6
Permissible load 368 160.2 336 336 336
Very light ballast condition Full laden APT empty condition
W Theoritically calculated B Theoritically calculated
400 W Strain gauge 400 ® Strain gauge
- = Jack up _ = Jack up
350 0 Max. permissible load aso O Max. permissible load
300 300
E 250 - Ezso
8 200 gzoo
¥ 2
E 150 3 150
100 100
; | I[ ; | |
ASTE IB MBS MEB7 MEB6& ASTB B mMea Me7 MB6
Figure 13: Correlation among three technics at D1 Figure 15: Correlation among three technics at D3
Full laden APT full condition Normal Ballast APT empty
W Theoritically cakeulated B Theoritically calculated
400 o Strain gauge 400 W Strain gauge
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200 § 200
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" " I I
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Figure 14: Correlation among three technics at D2 Figure 16: Correlation among three technics at D4
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