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Development of Vibration Analysis Program for Anti-resonance Design of
Vertical-axis Tidal Current Turbine
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ABSTRACT

The vertical-axis tidal current turbine (VAT) consisting of blades, struts to support blades, shaft,

generator and so forth requires anti-resonance design against fluid fluctuation forces generated on

blades to ensure its stable operation. In this study, a free vibration analysis program based on the

finite element method is developed for efficient anti-resonance design of VAT in the preliminary

design stage. In the finite element modeling, the VAT structure components are regarded as beam

elements. Added masses due to the fluid and structure interaction of VAT evaluated by empirical

formulas are considered as lumped mass elements.

In addition, input parameters required for the

analysis can be automatically prepared from the principal dimensions of VAT to make anti-resonance

design more convenient.

The wvalidity of applied methods is verified by the comparison of the

numerical results obtained from MSC/Nastran and the developed program for two VAT models.
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Fig. 1 Vertical-axis tidal turbine (3 blade model)
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(a) Blade dimension (b) Bending moment graph
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Fig. 2 Blade bending moment in case of uniform
loading
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(a) Model 1

Fig. 3 Part sections to define dimension of VAT

(b) Model 2

Table 1 Lengths to define overall geometry of VAT

Symbol Description
L, Length from generator to upper bearing
L,y Length from upper bearing to upper strut
Ly Length from upper strut to lower strut
L, Length from lower strut to lower bearing
L5 Length of strut from shaft center to blade
L Length of blade
L, Length from blade end to adjacent strut
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Inputdata from fluid performance database €

+ Blade: chord length, blade length, length
+ Diameter, speed of VAT

!

Specify design parameters of VAT structure <

+ Bearing number and position

* Strut dimension having elliptic section

+ Shaft type (hollow or solid) and diameter

* Material properties

* Lengths of part structures & segmentation
numbers of each part structure

1

Calculate natural frequencies and modes

* Evaluate section properties

+ Construct mass and stiffness matrix considering
added mass and boundary condition

+ Solve eigenvalue problem

Satisfy anti-
resonance design
criteria?

No

Fig. 4 Flow chart of VAT VIB
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Table 2 Particulars of VAT models

Model 1 Model 2 Section type
Length Length & dimension
(mm) (mm) (mm)
L 100 100
L 300 300 Circular
L 498 498 Diameter: 30
L 0 250
Rectangular
L 400 400 70X18
L 850 850 Rectangular
L 176 176 4016
No. of FE| VAT_VIB: 297 | VAT_VIB: 307 B
elements | Nastran: 2,888 | Nastran: 2,928

(a) Model 1 (b) Model 2
Fig. 5 MSC/Nastran solid model of VAT
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Table 3 Natural frequencies of Model 1 in vacuum

Natural freq. (Hz) mlosée rr?(?(;ie rr?(fge

VAT_VIB 5.78 7.97 12.44

Nastran 5.90 8.09 13.53
Difference(%) 2.0 1.5 8.0
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2" mode
Fig. 6 Mode shapes obtained by VAT VIB and
MSC /Nastran: Model 1 in vacuum

1" mode

Table 4 Natural frequencies of Model 1 in water

Natural freq. (Hz) ml Osé o n? Cr)l él o rr? cfge

VAT_VIB 5.30 7.84 12.19

Nastran 5.40 7.86 13.03
Difference(%) 1.8 0.3 6.4

Table 5 Added mass incremental factor: Model 1

AMIE mlosdte n’?(r)lc(lje n?(:((ije
VAT_VIB 0.19 0.04 0.04
Nastran 0.19 0.06 0.08

Difference(%) 2.5 40.2 46.4
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Table 6 Natural frequencies of Model 2 in

vacuum
1st 2nd 3rd
Natural freq. (Hz) mode mode mode
VAT_VIB 12.24 12.34 12.45
Nastran 12.38 13.63 13.81
Difference(%) 1.1 9.4 9.8

Table 7 Natural frequencies of Model 2 in water

Natural freq. (Hz) mlosée n?géje Ijgge

VAT_VIB 12.03 12.09 12.19

Nastran 12.03 13.12 13.29
Difference(%) 0.1 7.9 3.3

3" mode
Fig. 7 Mode shapes obtained by VAT VIB and
MSC/Nastran: Model 2 in water

2" mode

1" mode

A7le] A AneiE BEY VAT 44



Table 8 Added mass incremental factor: Model 2

AMIF mlosé e H?(l;l(ciie Ifgge
VAT_VIB 0.04 0.04 0.04
Nastran 0.06 0.08 008
Difference(%) |  40.1 45.8 46.4
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