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Table 1. Synopsis
Section Performed work
1. Special Mesh convergence: Parameter sensitivity:
studies * beam, e material;
* cylindrical shell; e 1D vs. 2D vs. 3D finiteelms,;
* plate;  effective modal mass;
 stiffened pandl. » added mass.
2. Smple The global response of an | The design of avibration
case electrical motor assembly. |isolation system.
3. Complex | Thelocal response of aretractable thruster.
case

ANDRII PISHCHANSKYl - GUIDELINE DEVELOPMENT FOR OFFSHORE STRUCTURE VIBRATION ANALYSIS - EMSHIP 2



24/07/2015

EMship INTRODUCTION = am

o Savicelimit state;
 High structura complexity; @
* Modal anaysis.

Working Hypotheses: e
o Steady State response;
* Nostressandysis, ©
» Periodicloading.

Time
Figure 1. Characteristics and
sources of periodic loading:
(a) simple; (b) complex
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BASIC SIMPLE
STRUCTURES
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DEFINITION OF OPTIMAL FINITE ELEMENT SIZE

numerical—analytical

Di screpancy, A= analytical &)

N I
-\ N

L.

a). 7 elements, A = —6.09%
/[N /N [\

b). 15 elements, A = —1.16%
Figure 2. Simply supported beam Figure 3. Mode shape with 5 half-waves

ANDRII PISHCHANSKYI -  GUIDELINE DEVELOPMENT FOR OFFSHORE STRUCTURE VIBRATION ANALYSIS - EMSHIP 5

EMship % :
emmaona (& icam

SIMPLE REAL CASE
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FREQUENCY RESPONSE ANALY SIS PROCEDURE

Extract natural frequencies

and mode shapes
!
| Define damping |
!

| Apply excitationforce |
I

Define a set of frequencies
to be used in the solution of
frequency response analysis

Figure 4. Flowchart of
frequency response analysis
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MODAL ANALY SIS

1.31-001
1.22-001]
Fringe: modal analysis, A3:Mode 1 : Freq. = 9.0988, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 1 14-001!

Patran 2012 64-Bit 14-Dec-14 22:55:43 1.18-001

Patran 2012 64-Bit 14-Dec-14 22:54:49 K
Fringe: modal analysis, A3Mode 2 : Freq. = 13.395, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 1 g-001

Deform: modal analysis, A3:Mode 2 : Freq. = 18.395, Eigenvectors, Translational, 1.01-001

Deform: modal analysis, A3Mode 1 : Freq. =9.0988, Eigenvectors, Translational, 1.05-001
9.61-00: 9.25-00,
8.73-00; 8.41-00:
7.86-00: 757-00:
6.99.00: 6.73-00
6.11-00 5.89-00
5.24-00: 5.04-00
4.37-00; 4.20-00:
2.49.00: 3.36-00
2.62.00: 2.52:00
1.75-00: 1.68-00z
8730 8.41-0

default_Fringe : default_Fringe :

Max 1.31-001 @Nd 112 [ v M‘ax 1.26-001 @Nd 646
s Min 0. @Nd 2372 - Min 0. @Nd 2372
o default_Deformation : default_Deformation :

Max 131001 @Nd 112 Max 1.26-001 @Nd 646

Figure 5. Mode shape 1 of E-motor assembly Figure 6. Mode shape 2 of E-motor assembly
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FREQUENCY RESPONSE ANALY SIS PROCEDURE

¢ Modal damping ratio { = 0.02 is suggest for all modes to be conservative.
¢ The magnitude of unbalance excitation force:

% 400 *

Fyunp = mew? @

o)
3

IN
3

Force magnitude [N]
N
8

o

0 3 6 9 12 15 18

Excitation frequency [HZ] Figure 8. Decomposed force for main
Figure 7. Force magnitude continuous rate
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FREQUENCY RESPONSE ANALY SIS. NUMERICAL RESULTS

LE+2 COG of E-motor

1E+O

1E-2

Velocity [mn/s]

1E-4

1E-6
0 4 8 12 16
Excitation frequency [HZ]

—X velocity —Y velocity —Z velocity —DNV threshold ~ Conclusion:
Figure 9. Velocity at COG of E-motor Investigation into vibration isolation is reasonable.

Figure 10. Node for velocity extraction
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VIBRATION ISOLATION

The problem is solved by so-called force
transmissibility:

_Fr 1+ (20r)2
TR T j(l —T5+ ()

©)

!
| i
Figure 11. Rubber chock
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F(t)=F, sin(wt)

i

- GUIDELINE DEVELOPMENT FOR OFFSHORE STRUCTURE VIBRATION ANALYSIS -

Source of x(t)
vibration
Vibration isolator
[=—=lc¢
Base

Figure 12. Model of vibration isolation

EMSHIP 11

icam

EMshi

Advanced Design

)
L

VIBRATION ISOLATION

1. Define static load per
chock

2. Select the stiffness of
achock

3. Select the damping of
a chock

Figure 13. Flowchart of the design of a
vibration isolation system
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shear _ M
— k1 chock — 2.418e+05 N/m

shear _ M
— k2 chock 4.836e+05 N/m

— 0 — ) 030e+06 N/m ||

Isolation - magnification
threshold

2 4 6 8 10 12 14 16
Excitation frequency [Hz]

Figure 14. Transmissibility ratio

EMSHIP 12

wcam




24/07/2015

EMshi

Advanced Design

)
D

VIBRATION ISOLATION

3. Select the damping of achock witch provides the desired isolation.

A R ST e

\
[ _Amplification —
<<
| i

Isolation ~
. .

L L . L
0 05 1 15 2 25 3 35 4 45
i

Figure 15. Transmissibility ratio as afunction of r ratio

SIMPLE REAL CASE

®
12l £=001[]
: =005
=01
1 _—— £=02
£=05
£=1
08r
£ increasing
06+

1 1!5 é 2!5 é, 3,‘5 4‘1 4
i
Figure 16. The magnification of isolation area
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NUMERICAL RESULTS
1E+1
1E-1
o 1E-3
=
£ LES
P
3 1E-7
O
>
1E9
0 4 8 12 16 Conclusion:
Excitation frequency [Hz] » Resonance frequencies are
—X velocity —Y velocity —Z velocity shifted:
--- X velocity (with bush) - Y velocity (with bush) Z velocity (withbush) ¢ Velocity with chocks are
Figure 17. Velocity with and without chocks way below threshold.

ANDRII PISHCHANSKY! -

GUIDELINE DEVELOPMENT FOR OFFSHORE STRUCTURE VIBRATION ANALYSIS -

EMSHIP 14



24/07/2015

EMshio icam
i ) ®
EM%QJF{ 2 COMPLEX REAL CASE fcam

RETRACTABLE AZIMUTH THRUSTER

Conclusion:

Vibration influences structural
design in the vicinity of the
azimuth thruster.

X

Figure 18. Retractable Figure 19. FE modelling
azimuth thruster
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MODAL ANALY SIS

473001 3.48-001

Pafran 2012 84-Bit 10-Jan-15 15:20:38 £.40.001 Patran 2012 64-Bit 10-Jan-15 15:33:29 3.23-001
Fringe: Default, A1:Mode 4 : Freq. = 8.6085, Eigenvectors, Translational, X Component 4. 07-001| Fringe: Default, AT:Made & : Freq. = 15.19, Eigenvectors, Translational, Y Component  2.97-001
Deform: Default, Al:Mode 4 : Freq. = 8.6085, Eigenvectors, Translational 3.75-001— Deform: Default, A1:Mode 8 : Freq. = 15.19, Eigenvectors, Translational, 2.71-001
4.73-001 3.42-001 2.46-001

3.03-001 2.20-001

2.76-001 1.94-001

2.43-001 1.68-001

2.10-001 1.43-001

1.77-001 1.17-001

1.44-001 9.10-00:

1.12:001 6.53-00:

7.86-00: 3.95-00:

45800 1.37-00:

15308 120

default_Fringe :
Max 3.49-001 @Nd 115966
Min -3.78-002 @Nd 113549
default_Deformation :
Max 3.49-001 @Nd 115969

default_Fringe :
Max 4.73-001 @Nd 115959
Min -2.00-002 @Nd 113570 E
default_Deformation : -
Max 4.74-001 @Nd 115965

Figure 20. Pendulum mode of Figure 21. Pendulum mode of
stemsection about y-axis stemsection about x-axis
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MODAL ANALY SIS

i 2.60-001
Patran 2012 64-Bit 10-Jan-15 15:42:42 2.42-001

Fringe: Default, A1:Mode 47 : Freq. = 26.303, Eigenvectors, Translational, X Component 2.23-001
Deform: Default, A1:Mode 47 : Freq. = 26.303, Eigenvectors, Translational, 2.05-001
1.86-001
1.68-001
1.49-001
1.31-001
1.12-001
9.40-00:
7.55-00;
5.71-00;
3.86-00:
2.02-00:

16768

default_Fringe :
Max 2.60-001 @Nd 115980
Min -1.67-002 @Nd 114049
default_Deformation :
Max 2.70-001 @Nd 115980

Figure 22. Bending mode of
stemsection about y-axis
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DYNAMIC LOADING

* Only Fy.ayn Fy.ayn Ez.ayn Mx.ayn @€ used.

* A modal damping of 2% is considered. i Fidi

Mx, Mxdyn

o '
I My, My.dyn
‘\Fz, Faz.dyn
\‘-Mz‘ Mz.dyn

Figure 23. Main static and dynamic forces

[
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NUMERICAL RESULTS

6
z
E. 4
>
.g ,
g

A\ —~—
0 ——_—_/_./ T
0 3 6 9 12 15 18 21 24

Excitation frequency from the propeller [Hz]

—X velocity —Y velocity —Z velocity
Figure 34. Velocity of COG of gearbox foundation
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 The flowchart of vibration anaysis and the instructions for its
» The suitability of analysed analytical solutions for the definition of

* Required sengitivity studies are performed;
* Modal analysis as a means to identify resonance beforehand is

» Static FE model is adapted for the purpose of vibration analysis;
* Loca and global vibration responses are obtained;
* Vibration isolation system is designed.

implementation are given;

optimal FE sizeisinvestigated;

described;
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» Specify the local response of azimuth thruster with the precise mean
values of loading as the functions of steering angle and ship speed;

» Consider hydrodynamic added mass for the submerged surfaces.
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