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Baseline Model Updating and Damage Estimation Techniques
for Tripod Substructure

Jong-Won Lee
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Abstract An experimental study was conducted on baseline model updating and damage estimation
techniques for the health monitoring of offshore wind turbine tripod substructures. First, a procedure
for substructure health monitoring was proposed. An initial baseline model for a scaled model of a
tripod substructure was established. A baseline model was updated based on the natural frequencies and
the mode shapes measured in the healthy state. A training pattern was then generated using the updated
baseline model, and the damage was estimated by inputting the modal parameters measured in the
damaged state into the trained neural network. The baseline model could be updated reasonably using
the effective fixity model. The damage tests were performed, and the damage locations could be
estimated reasonably. In addition, the estimated damage severity also increased as the actual damage
severity increased. On the other hand, when the damage severity was relatively small, the corresponding
damage location was detected, but it was more difficult to identify than the other cases. Further studies
on small damage estimation and stiffness reduction quantification will be needed before the presented

method can be used effectively for the health monitoring of tripod substructures.
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o] QIZte] S AlFste] AAAY HUEHF AAHS
bl AFolME Sguty] 9 widdige] Ay, AR, AEshE 7[HoR SAGE 2 SRS
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AE AASHs QTS oh= F8F FREC|Y, sk I 7HE 20N ERIAE BHT £ U EA
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gt Fgo] Algkeug, s rrEo] oigh Ak § 9 HwoltH5). E3E, EffoliE SHEIXER T/
A 9 A2 g 52 Agt 71eido] 6L "e  H 5 MWE FYEYAIAHS fetaAnd S ¥sto]
g Agoltt. webs 94 AR HUEPS B3 A SHEALE BAT T IF BUHY AAEE 1551
HE7e2 O 7lgo] @ ACR dEHY, sxE |, /EEARRE SAEE 545 FYEH
o] ezt 9 AR V)& AXG BUEHR 8 34 2 284 9400 JAE BAT 4 a3
7€ % shtolth e ZYEITE & e 7S AskltHel. 38
IELEN ST RES 4 9 AlA"H et g EHYI9 354 9 284 gRlEo] 2B 55
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ot 1408 RLatd(monopile), §F(gravity  AFE 7S] flste], ERto|RE sHRALRER 74
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A3t PR HrhE T Qlo] A AIAHCRE Jde] o]8%  network technique)& ARESIGIOH, TEEER]] S

i it

B SErEEe) 4uEst § AU
5% A4 BUSD] oig Fa4e] B3 BAHwA

ol TAE 7|e o] XPE o] =, olF Efolx
E ohEREC] thgh e thaat 2k FHARAIARE
HE == HPE tlolHE 7INe R, I1HAE AF
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olal, 23 A2 &4 E] X4 (damage isolation factor)
£ ol&3sto, FEEER Ego|RE slRIRES] ZH
AAAE WL 5= Qe 7S Adstlon, S4HF
of thet &AEE Boto] 7' ASSHATHLL. ES
54 EFO|XE SHRAERE] tisto], S4E 7T T
olH& A% RE=EX(input-output modal analysis)
T} 2H9E BB X (output only modal analysis)<
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Vibration Test
(Initial Operation)

Characteristic Parameter Estimation
(Natural Frequency, Mode Shape, etc.)

Updated Baseline Model
Using Neural Networks

Setup of Neural Networks
(Input, Hidden, Output Layers)

]

Initial Baseline Model
(Numerical)

'
Training Pattern
- Input: Characteristic Parameter
- Output: Damage Index
¥
Learning of Neural Networks

| Before Damage

After Damage
T d N | Network:
‘ fained Newral Metworks ‘ Substructure Health Monitoring

‘ Characteristic Parameter Estimation

(Natural Frequency, Mode Shape, etc.)

| Damage Estimation |

Test Pattern

Fig. 1. Substructure health monitoring procedure
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Fig. 2. Dimensions and terms of the tripod
substructure scaled model (lengths in mm)

Table 1. Section properties of the used pipes

Description Diameter (mm) Thickness (mm)
Main tube 190.7 53
Leg 60.5 3.6
Brace 34.0 3.2
Suction 76.3 3.6
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Fig. 3. Finite element model of the substructure

221

Table 2. Natural frequencies of the initial baseline

model (Hz)
1 2 3 4
Mode No. (fore-aft) | (side-side) | (fore-aft) | (side-side)
SubDyn 81.01 81.08 284.77 284.94
Midas 81.13 81.19 284.98 285.15

A
A
‘\

A

(b) 2™ mode (side view)

Y VI

(d) 4™ mode (side view)

(@) 1% mode (front view)

(©) 3 mode (front view)

Fig. 4. Mode shapes of the initial baseline model
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Fig. 5. Tripod substructure scaled model
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Fig. 7. Inflicted damages
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Table 3. Natural frequencies of the baseline model

(Hz)

Mode No. 1 2 3 4 Error(%)
Experiment 71.44 | 71.48 | 200.56 | 200.63 -
Initial model

3 81.01 | 81.08 | 284.77 | 284.94 | 27.71
(fixed-end)
Updated model | 73 )5 | 7328 | 207.18 [ 20733 | 291
(trial and error)
Updated model
(Neural Network) 71.51 | 71.58 | 198.89 | 199.02 0.47
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where, 7h is pipe thickness, j denotes location
in Table 4 and Fig. 8, and o and d are healthy

and damaged state respectively.

-4, Table 4°] HQl upe} Zo] i) sHEFLRES
FHE Egoto] EYAS7E FaliRe 15719 48T &
gaeE Agstalon, ol X & Fig. 89 HEFHSL
ot o714, 4394 JIYFes &S VIR YX=
Output No. 7, & Leg 19| s}#o 2gdct. 7|A =g
of 484 i 1570 99 4P FAE FAHE
H3FAZ] 10,000419] £4789-5 AAJoH o™, SubDyn
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Table 4. Outputs of the neural network

Output No. Location Sectional area (mm?)
1 Suction 1 822
2 Suction 2 822
3 Suction 3 822
4 Brace 1 310
5 Brace 2 310
6 Brace 3 310
7 Leg 1 lower 644
8 Leg 1 upper 644
9 Leg 2 lower 644
10 Leg 2 upper 644
11 Leg 3 lower 644
12 Leg 3 upper 644
13 Main tube lower 3087
14 Main tube middle 3087
15 Main tube upper 3087
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Fig. 9. Results of damage estimation
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