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Ship Vibration Control Utilizing the Phase Difference Identification of Two
Excitation Components with the Same Frequency Generated by Diesel
Engine and Propeller
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A two—stroke diesel engine and a propeller normally adopted in large merchant ships are regarded as major ship vibration
sources, They are directly connected and generate various excitation components proportional to the rotating speed of diesel
engine, Among the components, the magnitude of two excitation components with the same frequency generated by both
engine and propeller can be compensated by the adjustment of their phase difference, It can be done by the optimization of
propeller assembly angle but requires a number of burdensome trials to find the optimal angle, In this paper, the efficient
estimation method to determine optimal propeller assembly angle is proposed, Its application requires the axial vibration
measurement in sea trial and the numerical vibration analysis for propulsion shafting which can be substituted by additional
vibration measurement after one—trial modification of propeller assembly angle, In order to verify the validity of the proposed
method, the phase difference between two fifth order excitation components generated by both diesel engine and propeller of
a real ship is calculated by the finite element analysis and its result is indirectly validated by the comparison of axial vibration
responses at intermediate shaft obtained by the numerical analysis and the measurement in sea trial, Finally, it is numerically
confirmed that axial vibration response at intermediate shaft at a resonant speed can be decreased more than 87 % if the
optimal propeller assembly angle determined by the proposed method is applied.

Keywords : Diesel engine(CIRIIE]), Propeller(Z=2E2), Excitation force(7|XI2), Propeller assembly angle(Z2El2| &2} Phase

difference identification(2}&t Xt &), Complex vibration response(E24A Lls SH)
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Table 1 Specification of real ship, main engine, propeller

Principal dimension

LBP (Length) 320 m
B (Breadth) 50 m
D (Depth) 28 m

d (draft) 15 m

Main Engine and propeller
Engine model MAN B&W 7S90ME
Number of blades 5

Measure axial vibration during sea trial Prepare propulsion shafting model

<Intermediate shaft *FE model including crankshaft
«Identify dynamic response of target *Forced vibration analysis for individual
component order in frequency domain source
[ J

— Tune the propulsi model

*Adjust stiffness and damping p to id
shape of response curve

*Adjust magnitudes of excitation sources, especially for propeller thrust variation, if necessary

with d peak freq

y and

| Evaluate phase differences between M/E and propeller responses at various M/E speeds l

'

| Adjust phase of propeller force with the most probable phase difference l

v

I Calculate axial vibration considering M/E and propeller excitation forces ]

Unsatisfactory

Compare measured and
simulated response

Satisfactory

| Calculate optimal phase of propeller force & confirm its effect by numerical simulation

'

I Adjust propeller assembling phase if required ]

Fig. 5 Procedure for phase difference identification using
measured and simulated axial vibratory responses
of a propulsion shafting
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Crank Shaft o—>x

Aft Bush Bearing

Fwd. Bush Int. Shaft Bearing
(a) Finite element model

Fir, Fit: Excitation forces
on crankthrow pin

Fx by M/E I'
(b) M/E excitation
(c) Propeller excitation
Fig. 6 Finite element model of propulsion shafting and
excitation forces for a real ship

Fp: Propeller bearing force
(Axial component) Fx by Fp
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Fig. 7 Propeller excitation magnitude according to M/E
rotation speed
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Table 2 Details of the finite element model

Material properties

Material Steel
Young’s modulus 210 GPa
Density 7,850 kg/m®
Poisson ratio 0.3

Element information
Number of elements (nodes) 60,864 (71,672)

Propeller Point mass
Propeller shaft 1-D beam
Intermediate shaft 1-D beam
Thrust block C-bush
Crank shaft Solid
Fixed boundary conditions

Aft bush
Forward bush Y,Z—direction

Intermediate shaft bearing (Translational)

Crankshaft bearing

X,Y,Z—direction

Th lock i i
rust bloc (Translational, rotational)

Table 3 Normalized M/E tangential and radial excitation

force
Tangential force (F}) Radial force (£))
Order| Normalized | Phase | Normalized Phase
magnitude (deg) magnitude (deg)
1 0.59 .7 1.00 4.3
2 0.04 -47.0 0.54 201
3 0.04 -178.2 0.37 40.0
4 0.19 1071 0.39 28.9
5 0.19 109.4 0.32 29.3
6 0.13 116.3 0.19 36.8
7 0.09 123.8 0.12 39.0
Fit
Fi

rotation I,

Fig. 8 M/E excitation force components

Battery :
box Transmitter
\ Transmitting
coil
| - Intermediate
/ Strain gauge shaft
Receiver
1
FFT analyzer
& Recorder Decoder

(a) Wireless axial vibration measurement system

(b) System installation
Fig. 9 Measurement system and installation
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