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Theoretical and experimental analysis of the lateral vibration of shafting system

using strain gauges in 50,000-DWT oil/chemical tankers
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Abstract: During the initial stage of propulsion shaft design, the shaft alignment process includes a thorough consideration of
lateral vibration to verify the operational safety of the shaft. However, a theoretical method for analyzing forced lateral vi-
brations has not been clearly established. The methods currently used in classification societies and international standards can
only ensure a sufficient margin to avoid the blade-passing frequency resonance speed outside the range of +20% of the max-
imum continuous rating (MCR) for the engine. Typically, in shaft alignment analyses, longer center distances between the sup-
port bearings promote affirmative results, but the blade order resonance speed can approach the lower limit for lateral vibration.
Therefore, this matter requires careful attention by engineers, and a verification of the theoretical analysis by experimental
measurements is highly desirable. In this study, both theoretical and experimental analyses were conducted using strain gauges
under two draught conditions of vessels used as 50,000-DWT oil/chemical tankers, introduced recently as eco-friendly ships.
Based on the analyses, the influence of the lateral vibration on the shafting system and the system’s reliability was reviewed.
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Table 1: Specification of shafting system
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Table 2: Bearing stiffness respectively

VS;S:I 50k DWT oil/chemical tanker
Main Type: MAN B&W 6G50ME-B
. MCR: 7,700 kW X 93.4 rpm
engine NCR: 5,344 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: Shaﬂihg éﬁaﬁgement ‘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: A measured time domain bending stress plot at
MCR of C2 condition
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Table 3: Method dependent natural frequencies

Method 1*'mode/4™ order [cpm]
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Figure 4: Measured time domain bending stress plot sampled
at NCR of Cl1 condition
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Figure 5: Measured time domain bending stress plot sampled
at MCR of C1 condition
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Figure 6: Measured time domain bending stress plot sampled
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>,

Ze] vk AR C1 2 2 =AM 2~5
gk dolHE a1d Fjol] WEHFFT) xq
=79 (frequency-domain) ~HEZH HAS
Figure 8 3 Figure 9] 342 = C1 % C2
CR A Ao A o] T4 ~HAERY 24 ANE

BN

[0 oft
i -
N e
oZi

Ol
-

=
B3t A A

-ﬂﬂ‘zﬂ‘%x
LPN-{

oo o M3
_OL

Ao & g
o & ¥ K

)

™

oft

oX,

™

o

°

il

o

™

o

=

N

=
N,
o
)

o X2
oo

o

R

r«O

o

38

v

o

@

N
Co
i
32
s
SO
N
™
o,
rO
[kl
fru
o g
v
Lo
e
ot
JE et
o

o e
[kl
R
o2y o =

i
(HOE)
oY)

. Tlo
oty
=
B
©
™

2
=

e WA AR EX)
A4 Fola AAe e &
s maAe e wel e

Rl E7} *JEHX—*.EE Zad el ws AL2319),

S

TR

e &
o,

[0 oX,
ke

i
o

M

mé
v
e
=
=)

do
-
|
fru
1%
i}
do
<
)
o
o
T
N,
rJ
>,
ot
AVRN
g
1B
2,
o do0 . om

NorO N e moh fr o e o px

ZH(1X), 4X}(4X) 8x}(gx) ,] x}ﬂﬂ_‘%gi Bylate] 7t
Ty AEEs AdEES] WSkrpm-domain)oll w2}
#2135} Figure 10 2 Figure 11°] C1 ¥ C2 ZHAE=R
et AT

Fanld A Ao}y ea A A40@8 A43(2016.5)

T T T
4.8
= a8 95.07 rpm @ 1.58455616 Hz
o
=
— 24
@
k=]
=
&
o
< J
<;|: 00 | I

0.-0 48 9‘2 13‘8 ’ 18“4
Frequency
Figure 8: Frequency spectrum of lateral vibration from SG7

at MCR of C1 condition

T T T
4.8 -
o 94.47 rpm @ 1.5745 Hz
&
=
@ 24
=
=
= 1z2-
£
= J
0.0- Biv ol ~ PRI | | . 1
oo 4.8 9.2 138 18.4
Frequency

Figure 9: Frequency spectrum of lateral vibration from SG7
at MCR of C2 condition
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