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Abstract

Recently, modern long-stroke diesel engines with small number of cylinders have been
installed for energy saving and simpler maintenance. These kinds of low speed diesel engine
produce large torsional vibration in the shafting, which induces the excessive vibratory
stresses in the shafting and large propeller thrust variation. This thrust varation excites
vibrations of the shafting and superstructure in the longitudinal direction. Up to now the
deteriministic analysis of coupled vibration of marine shafting system has been performed.
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In this paper probabilistic analysis method of the marine diesel propulsion shafting system
under coupled axial and torsional vibrations is presented. For the purpose of this work, the
torsional and axial vibration excitations of engine and propeller are assumed to be probabilistic
while the lateral excitation is assumed to be deterministic. The probabilistic analysis is based on
a response surface and Monte-Carlo simulation.

Nurmerical results based on the proposed method are compared with results calculated using
the conventional deterministic analysis method. The results obtained make 1t clear that the
proposed method gives a substantial increase in information about shafting behaviour as
compared with the deterministic method.
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Table 1 Characteristics of low speed diesel

vessel
Vessel type: Bulk carrier
Deadweight: 73,000 tonnes
Speed: 16.35 knots
Engine! B & W 5860MC

Engine rating: MCR 11,200 bhpX90.0 rpm
NCR 10,080 bhpx86.9 rpm

Number of cylinders: 5
Firing order: 1-4-3-2-5
Number of propeller: 4
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Table 2 properties of torsional

mass elastic

system
Ma Mass moment Seiff
Sl of inertia HNESS | Remark
No. j ) (N - m/rad)
(kg - m)
1 57213 09125x 10" | Propeller
2 356.10 03014 %< 10°
3 6162.20 0.2058 < 10"
4 5188.00 0,1488 % 10"
5 1001500 | 0.1139x10" | Cylinder 5
6 10227.00 | 0.1126x10" v 4
7 10227.00 | 0.1139x10" ”
8 1001500 | 0.1139%10" no2
9 1022700 10,1456 10" v
10 18104.00

Table 3 Properities

of axial mass elastic

IB]

3.1 &35 A6l

Holzer'$oll o3t A4 s, vi&EdE4e o
FRAEPE w,=25.327adls, w,=136.57ad/s
2w, =275.51rad/se)1, FXEFAY LHAF
wy=56.24radls, w,=138.26radls %
wy=179.24rad/s2 eon, 718 HHY
el 94 EE 4834rpm(I1-5) % 60.43rpm(I-4)
ojth &{7|A ()9 I+ 182, =2bs 4 28
vebdch 7)ekel Aol A4S (MCR) o419
i 34 O0rpmGahe] FnE nEAh oA
71¥el Ay TtAgHEQ m1s ZhAgH WY
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b Syl = =G T R L S B R RS o X
Fourlers5 sjMARE o]&3l¥ o, 1 F 43
9 53 &3lgke] 71 Hoe| FAZ | s
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system
Mass Stiffness A X )
No. Mass(kg) N/ Remark o] Ztzte] APKL 9 HugAToA ulFIE
1| 408727 | 0.7459% 10° | Propeller Woioh SAF Ao} 4A 7o) Ame 2
I 9 10705.5 0.3438 = 10 A2 E AL F A3, EA9 HY AFeHe
3 9660.0 | 04257 x10" Table 40l vehdulel 2 o] F¢ AgE FF
4 15086.0 | 0.5562x 10° . 7b AbgE . 2 E Aol da ks,
oL Gpel Cnde D FHEINS Ay vESHL, VFYE 4
7 112654 | 05562x10° | » 3 28t7] Fske ASole ZH2 1685 N/mm?, 1385
8 | 112654 | 05662x10° | » 2 N/mm® 2 1071 N/mm*% eRdeh 4834rpm
o SR 00000 olMe] AohATSe 1685 N/mm’E Lloyddd
o) FHE¥IEeE (HEEHA) L6 N/ mmiE
Table 4 Results of deteministic calculation for max. vibration responses
Critical Max. shear stress axial vib. amplitude | varying thrust
Case (rpm) in intermediafe shaft | on crankshaft force | bearing axial Remark
(N/mm~ ) end (mm) force (KN)
1 48.34 168.5(116) 0.7651 4475 w/o damper
2 60.43 13.85 0.076 35.87 "
3 9O(MCR) 10.71 1.311(1.23) 186.9 ”
4 48.34 99.19(66) 0.3585 2952 with damper
5 60.43 7.98 0.0105 16.13 "
6 90(MCR) 10.65 0.4432(1.23) 65.75 "

() : allowable limit given by Lioyd or maker
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