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Modal Analysis Results

 Performed a check of the SNL 
tool OWENS using the mass and 
stiffness properties from SES to 
compare the natural period 
predictions

 An additional analytic check was 
performed by treating the 6 
system equations of motion as 
uncoupled:
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Modal Analysis Results
 Natural periods 

mostly compare 
well between the 
three approaches

 Pitch/roll have most 
discrepancy (DOF 
4&5)
 Differences in 

modeling turbine 
mass and roll/pitch 
inertias

 Minor discrepancies 
between OWENS 
and simple analytic 
method 5



Modal Analysis Results
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 Modal analyses were performed for the 6 platforms



Modal Analysis Results
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DOF

Mode [hz] [sec] Mode [hz] [sec] Mode [hz] [sec] 

1 sway 0.0183 54.64 surge 0.0105 95.03 sway 0.0194 51.65

2 surge 0.0183 54.57 sway 0.0105 95.03 surge 0.0194 51.65

3 yaw 0.0251 39.78 roll 0.0179 55.80 roll 0.0289 34.63

4 roll 0.0345 29.00 pitch 0.0179 55.77 pitch 0.0290 34.46

5 pitch 0.0347 28.86 yaw 0.0415 24.07 yaw 0.0403 24.84

6 heave 0.0513 19.51 heave 0.0570 17.54 heave 0.0702 14.24

7 1stTwrBend - FA 0.5151 1.94 1stTwrBend - FA 0.4552 2.20 1stTwrBend - FA 0.4939 2.02

8 1stTwrBend - SS 0.5274 1.90 1stTwrBend - SS 0.4644 2.15 1stTwrBend - SS 0.5049 1.98

FourColumnSemi_2ndPass ClassicSpar RingPontoon

DOF

Mode [hz] [sec] Mode [hz] [sec] Mode [hz] [sec] 

1 sway 0.0214 46.74 coupled sway-surge 0.0103 96.78 surge 0.0232 43.04

2 surge 0.0214 46.74 coupled surge-sway 0.0103 96.78 sway 0.0232 43.04

3 roll 0.0407 24.56 roll 0.0156 63.90 yaw 0.0339 29.47

4 pitch 0.0412 24.29 pitch 0.0157 63.86 roll 0.2820 3.55

5 yaw 0.0423 23.62 heave 0.0477 20.98 pitch 0.2833 3.53

6 heave 0.1088 9.19 yaw 0.0556 17.99 heave 0.3640 2.75

7 1stTwrBend - FA 0.5705 1.75 1stTwrBend - FA 0.4551 2.20 1stTwrBend - FA 0.5980 1.67

8 1stTwrBend - SS 0.5842 1.71 1stTwrBend - SS 0.4643 2.15 1stTwrBend - SS 0.6094 1.64

CompactSemi MultiCellularTLPAdvancedSpar

 Showing first 8 degrees of freedom from a static modal 
analysis: 6 rigid body motions and first tower bending modes



Modal Analysis - Mode Shapes
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 Modal resonances were classified through observation of the 
mode shapes.  

 As an example, the results are shown for the multi-cellular 
TLP



Mode Shapes – Multi-Cellular TLP
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Mode Shapes – Multi-Cellular TLP
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pitch heave

1st Tower 
Bending –
Fore-Aft

1st Tower 
Bending –
Side-Side



Mode Shapes – Multi-Cellular TLP
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1st 
propeller

1st 
edgewise 
bending

1st anti-
symmetric 

flatwise 
bending

2nd out-of-
plane 
tower 

bending



Mode Shapes – Multi-Cellular TLP
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1st anti-
symmetric 

flatwise 
bending

1st tower 
torsion

1st

symmetric 
flatwise 
bending

2nd blade 
edgewise 
bending



Mode Shapes – Multi-Cellular TLP
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2nd anti-
symmetric 

flatwise 
bending

3rd blade 
edgewise 
bending

2nd

symmetric 
flatwise 
bending

2nd anti-
symmetric 

flatwise 
bending



Campbell Diagram

 Comparison of the system natural frequencies (with 
centrifugal stiffening) for three platforms 

 Frequencies are shown in a rotating reference frame

 Significant forcing’s for a 2-bladed VAWT:
 1p is the most important forcing 

 3p forcing should also be compared to the resonance conditions but is 
considered to contain significantly less energy
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Campbell Diagram – 4-Column Semi
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Operates without 
resonance crossing for 
the 1p forcing from 3 
rpm to beyond rated

3p resonance is crossed 
at around 8.5 rpm which 
is far enough from the 

rated speed



Campbell Diagram – Classic Spar
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Classic Spar platform 
has a lower tower 

bending resonance 
frequency, which 

crosses the 3p forcing at 
7 rpm (only 3% from 

rated speed)



Campbell Diagram – M.C. TLP
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Roll, pitch and heave 
resonance modes all 
cross the 3p forcing.  

1p forcing is not exciting 
resonance after 2 rpm

Heave sits at the 3p 
forcing at rated.



Static Deflection Analysis

 Comparison of the static deflections was performed to verify 
the implementation of the mass and stiffness properties in 
OWENS.

 Determined an inconsistency between the coordinate system 
intended by Sandia and used by SES 
 10m tower extension, 5m above the mean water level is intended
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Static Deflection Analysis

 Static deflection comparison to displacement limits
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BACKUP SLIDES
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Campbell Diagram - additional
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Dynamic Analysis

 Transient

 1-case (2-blade), FFT of each of the 6 load cases
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