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Przyklad Belka z uszkodzeniami
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Jak liczy¢ tak prosta belke? b
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* Model 1: element belkowy Bar2, d.o.f. 600 ,
* Model 2a: plyta mocujaca - elementy tréjwymiarowe |
Hex8, belka - Bar2, d.o.f. 30366

* Model 2b =2a + offset

* Model 2c: ptyta mocujaca - elementy tréojwymiarowe
Hex8, belka - elementy powlokowe Quad4,
d.o.f. 27966

* Model 2¢c,, = 2c zageszczony, d.o.f. 67638

* Model 2d = 2¢ macierz mas rozproszona (coupled-
lumped)

* Model 3a caly model: elementy trojwymiarowe Hex8,
liczba stopni swobody 26664

* Model 3a,, = 3a zageszczony, d.o.f. 107427 e

* Model 3b: = 3a, aluminium 6061-T6, d.o.f. 26664

* Model 3c: = 3a, macierz mas rozproszona, d.o.f. 26664

* Model 3d caty model: elementy tréjwymiarowe Hex20,
liczba stopni swobody 13803

* Model 3d,, = 3d zageszczony, d.o.f. 47640

* Model 3e = 3a rozrzedzony (jeden elem. na grubos¢),
liczba stopni swobody 15120

* Model 2cU = 2c¢ belka z uszkodzeniem




Wyniki obliczen belki

Czestotliwosci drgan wiasnych [Hz]

MOI;C;SItaC' V1 2a 2b 2c 2d 3a 3b 3c 3d,, 3e
1 20159 | 29159 | 29159 | 27557 | 27558 | 28279 | 29429 | 28281 | 28223 | 28294
2 42623 | 42621 | 42621 | 41445| 41446| 39808 | 41426| 3981 | 39756 | 39.836
3 181.13 | 18109 | 18109 | 11231 | 11289 | 11904 | 12383 | 12216| 11752 | 11881
4 26168 | 26153 | 26153 | 16864 | 16877 | 17398 | 18105| 17458 | 17325| 17404
5 50021 | 499.85| 499.85| 25495| 25497 | 24551 | 25549 | 24561 | 24511 | 24571
6 71011 | 70893 | 70893 | 33059 | 33185| 3509 | 36517 | 35781 | 3467 | 35048
7 96126 | 959.82 | 95082 | 43314 | 43451 | 45284 | 47125| 45946 | 44842 | 45256
8 12462 | 12004 | 12004 | 57551 | 57714 | 61305| 63798 | 62245| 605.75| 61265
9 13336 | 13294 | 13294 | 69037 | 69051 | 66769 | 69483 | 6683 | 6662 | 66835
10 1551 15471 | 15471 | 74086 | 74415| 76625| 7974 | 78324 | 7602 | 76477




Wyniki obliczen belki

Czgstotliwosci drgan wlasnych [Hz]

i (;Ttaé\ 2¢ 2C,., 3a 3a,, 3d 3d,
1 21.557 217.556 28.219 28.237 28.2178 28.223
2 41.445 41.455 39.808 39.759 39.837 39.756
3 112.31 111.91 119.04 119.8 108.16 117.52
4 168.64 168.53 173.98 173.81 171.83 173.25
5 254.95 254.95 245.51 245.19 24541 245.11
6 330.59 329.57 350.9 351.97 324.39 346.7
7 433.14 432.15 452.84 453.68 428.84 448.42
8 575.51 573.83 613.05 613.2 576.38 605.75
9 690.37 690.38 667.69 666.66 666.37 666.2
10 740.86 739.7 766.25 77151 714.1 760.2




Wyniki obliczen belki

Czestotliwosci drgan wtasnych [Hz]

Posta¢ \ Model 3Co 3c 2d0 2d

1 28.274 28.281 27.953 27.558
2 38.396 39.81 39.975 41.446
3 121.32 122.16 112.38 112.89
4 174.53 174.58 168.82 168.77
5 244.35 245.61 253.55 254.97
6 357.76 357.81 332.64 331.85
7 458.5 459.46 434.3 434.51
8 619.94 622.45 575.64 577.14
9 647.05 668.3 668.37 690.51
10 781.1 783.24 743.36 744.15




Bledy obliczeniowe

Bledy wzgledne modeli wzgledem tych samyct Btedy wzgledne modeli wzgledem modelu (Model 3a) zbudowanego z elementéw Hex8
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Pomiary belki
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Badania laboratoryjne - wirnik helikoptera + usztywnienie konstrukcji

Badania laboratoryjne roznych typow
uszkodzen konstrukcji




Nowe techniki pomiarowe
czujniki FBG

22 mm czujnik typu FBG

053100 Optical Strain Gage

054100 Temperature Compensation
Sensor
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Czujnik typu FBG

FBG is made by periodically Cladding

changing the refraction index
in the glass core of a fibre.
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Zasada dziatania

widmo sygnalu wejsciowego widmo sygnalu transmitowanego
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Dobor konstrukcji do analizy

HLJV Innovation
Dtugosc catkowita:
188,70 m
Szerokosc: 42 m

Wysokos¢ konstrukcyjna
11 m
Wypornosc¢: 22313 t



Statek do montazu elektrowni wiatrowych
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HLJV Innovation
Dtugosc catkowita:

188,70 m

SzerokosSc¢: 42 m ¥ e —

Wysoko é (/: 'HG.O Ini‘raSea Solutions
konstrukcyjna: 'h

11 m == ==

Wypornosc: 22313 t
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Budowa modelu w programie Patran




Analiza przemieszczen
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Analiza naprezen zginajacych w
wyniku oddziatywania sity wzdtuz
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Czujnik do kompensacji
czujnik do pomiaru odksztalcen

temperatury

swiattowod

projekt monitor
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Dobor sposobu




Interrogator z oprowaniem




Odksztatcenie [um/m]

Plyniecie poziomu zerowego
Porownanie techniki tensometrycznej z swiattowodowa

czujniki FBG - poziom zero

Odksztatcenie [um/m]
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Badania dynamiczne
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Stress [N/mm?]
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Globalne deformacje kadluba statku
w roznych stanach zatadowania

Container ship 4500 TEU
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Globalne deformacje kadluba statku
na fali regularnej
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Pomiar rozkiadu temperatur korpusu silnika
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Termiczna deformacja korpusu silnika
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SHM Methods

There is a need for SHM methods capable of comprehensive,
real-time condition monitoring

Fiber Optic} . Vibration Based

Methods
\ SHM

~—~— methods

Acoustic Emission +~— - Lamb Waves

-

Comparative Vacuum Monitoring Electromagnetic Layer







Investigated frigate: Dar Mlodziezy
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Laboratory equipment
Institute of Fluid Flow Machinery PAS, Gdansk

FS2500
Fiber Sensing

FS4200
Fiber Sensing

si425-500
Micron Optics

SmartScan
Smart Fibres

Operating 1530-1570 1510-1590 1520-1570 1528 — 1568
range [nm]
SENSOT max. 4 max. 25 max. 128 max. 16
per fibre
optical 1 4 4 4
channels
scan
frequency 2 000 1 250 25 000
[Hz]
dm’[‘z‘s;]ons 175x105x60 | 360x275x100 | 134x432x451 140x110x70
weight [ke] 1.5 7.3 15.5 0.9




Experimental investigations
of the foremast
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Experimental investigations:
three stays from foremast to bowsprit

Measurements area




Experimental investigations:
equipment

Sample size (1-1000)

/£
Processing rate (Hz)
2%0




Experimental investigations:
FBG sensor on the foremast

FBG strain sensor
=



Experimental investigatioﬂs:
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Route of the Dar Mlodziezy




Hull vibrations and displacements
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odksztalcenie [m/m]

FBG sensors data — sails settings
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Zero deviation in the port
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Sails setting — close to Gdynia harbour
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Steady sailing conditions
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Steady sailing conditions - dynamic
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Stress [MPa]

Sails settings I
S

s,
[sig,

[ sig,
Ml sio

Test No.

1- Tack by the stern, 2 — jibs removal,

3 — without sails, 4 — lower topsail setting,

5 — upper topsail setting, 6 — topgallant setting,
7 — royal setting, 8 — course setting,

9 — staysail setting, 10 — inner jib setting,

11 — outer jib setting, 12 — flying jib setting



Sails settings I - dynamic
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Sails settings II

Test No.1- without sails
- Test No.2 — staysail setting

Test No.3 — inner jib setting
_ Test No.4 — outer jib setting
Test No.5 — flying jib setting

Stress [MPa]

Test No.6 — lower topsail setting
- Test No.7 — upper topsail setting
Test No.8 — topgallant setting

I Test No.9 — royal setting
| Test No.10 — course setting
~_ Test No.11 — royal removal

~ Test No.12 — course removal
Test No.13 — tack by the stern
Test No.14 — course setting

Test No.15 — sails brace
Test No0.16 — steady sailing
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Different eksploitation

conditions
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Sails settings

and remouving

15

t [min]

20

25

30

35



Stability and reliability of the SHM system







