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Vibration-Based Structural Health Monitoring Techniques
and Application Examples
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AT vhe, FRAE Z 7T &5 Tl & A B ALFEENS dH 0w ARt
ZuFAE 52 AT We7F 1Hz VY, 2527]7F 1ugolst o]ar 27|zt Alsie) webA 54%
o7t A A Fug HY oA kAol MA 7] AEo] wlS- AL Force-Balancedd 71&EEAE T

2 ARES AlA AXA], AlolE wix], A3 Sampling®] 7Fs8kal ofel tidt Analog Anti-Aliasing
Filters 43 754X (DAQ)S] MEo] 533t Fo7t aq-dty 7289 $4 SAAE FF57] ¢
T SHETNS AHgee dEY Operatlonal)g AbE-Fo]orst=t|, o]+ Unscaled® REdA

S AFstthes oA 7129 dEH-2875S AH-ee S (Experimental) ¥ ThE T
AZRRE S AZ7E AAE AF ARSske AP S ]H} 89 (Time-domain based)Z} A]7+7] o
DFT (Discrete Fourier Transform)E #-§3}¢] Periodogram &< Correlogram & WA A4St o] 25
B oA FRF(Frequency Response Function)E& AMdsle] 7|EGolHZ Al&sle Fa49Y 70
(Frequency-domain based) oz FiE3it} o]9o|%= SDOF vs. MODF (Single £ Multi-Degree of
Freedom) W9, =% vs. AAAF 2424 Single vs. Multiple 98 24, 249 vs. 2145249 Low order
complete vs. High order incomplete 22, Real vs. Complex mode shapes &3 #Zo] thtst Bijo g i
st 4 t}h FDD(Frequency Domain Decomposition), PolyMAX(Polyreference Least-Squares Complex
Frequency Domain) % SSI(Stochastic Subspace Identification) 5©] #HAlo| AJfe iAoz dex

SAAS R 53 AAARMEAT, Fog SHEYTF T)E T2 dxF 294 SH4EE A
2 AT E e, oldd 214 AR7E 2719 FES 22 Tl rdziy o953 g #
AABHA] e Aol 2784 7FsAdol A gtk AAl= FEM siA g 7bdd dAzzdo] AAl 48
I A A FAY, F Al FxEel o' Fsrt st dstd A folrh da B Fab= Bk Al
A e AEES 5] ek, T8 FERATA(AFTIET, RasA] B REFE)C g FERY
W} AP AN Matchs AlEghth o]e} o] AdAwe} A Aze] dAE 8k, 1) FoWF A9 i)
o5 WA A B AdAnete] vla i) WP mkof o] RS Fate], HAe e ol o
#o] 348 2dk(Model Updating)olg) 3ttt thd +2E9o ¢ A 3slo]&(Numerical Optimization)ol]
A ARl FE AMEE S, 53] W] $7F WAl A RV AR AP Hlas
Al A1 A TII-Conditioning 5] 41213 Ao &2 oiFHt

-I-

3. 2 0l- 13UE

HEo $1A5H, 120.8mx82.2m A7]9] AFH-9} 162m =ol9] B E 2 & 42% AILEAYE
(DLA) tiste] sAASEES Tkt 5 8719 Force-Balanced® 7H:E

54, bV/g Sensitivity, 130dB Dynamic range)’} AF&%%oH olF 2/l 114
Me ol5g AMRAM, v Setupd 270F ©9E ¥l A4 High Gain Option(+0.05g) 2 DAQ®
GainAl+E 80714 & A% 16000744 5ZH 2355 58 4 o, RogaDAQL6(16bit A/D Converter
EHE Fote] 5T & A BalEe 0038ugolth 100Hz Sampling rate, 16 Oversampling, 40Hz
Cutoff frequency & 8th Order Butterworth Digital Anti-Aliasing FilterE AF&3loH, v Setupd theF
30740 AEE SASAh A9 AE7F 100V/egd A gt o A4 g8sHE mAREe] A7l= o
ZF 0.0570.1mg (g=9.8m/sec’)oll s,
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~
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g 0 BARYAS S 53 e Jddo] FERAFLE A
=skoith
I 1 0] A[AEEEH o|5to] FEE ZEA(DLA)
Mode| Initial FE | PP | FDD pLSCF COV COV/Ref DATA DATA/Ref | Description
s f(Hz) |f Hz)|f (Hz)|f Hz)|E (%) |f (Hz)[E (%) |f (Hz)|E (%) |f H2)|E (%) |f HZ)[E (%)
1 |0.147 y |0.317(0.322|0.321 | 0.66 | 0.314| 1.49 [0312| 1.12 [0.319| 1.55 | 0.309 | 1.33 | Ist y bending
2 10.191| x [0.416]0.420 | 0.418 | 0.76 | 0.415| 1.29 [0.417 | 1.55 [0.415| 1.30 | 0.417 | 1.47 | 1st x bending
3 (0238 6 [0.476]0.469 | 0470 | 0.55 | 0472 0.64 [ 0.471| 0.50 |0.471| 0.65 | 0.471 | 0.51 | Ist O torsion
4 10665 y [1.013[1.016|1.013| 0.78 | 1.012 | 0.87 |1.014| 0.79 |1.012| 0.82 | 1.014 | 0.81 |2nd y bending
5 [0.683] x ||1.287]|1.289|1.286| 0.75 | 1.285| 0.81 |1.287 | 0.76 | 1.285| 0.83 | 1.288 | 1.44 |2nd x bending
6 10.736| 6 |1.392] 1.406 | 1.396 | 0.67 | 1.409 | 0.70 |1.399 | 0.90 |1.407| 0.71 | 1.401 | 0.95 |2nd 6 torsion
7 [1.278| x=6 (2.100| 2.109 | 2.103 | 0.45 | 2.099 | 0.43 | 1.986| 0.53 |2.100| 0.48 |2.135|0.78 |3rd y bending
8 |1.406| x=0 ||2.417( 2.412 | 2.408 | 0.77 | 2.438 | 0.83 [2.393| 0.66 |2.409 | 1.05 |2.393 | 0.77 |3rd x bending
9 |[1.632] y [2.649]2.500|2.653 | 0.35 || 2.656 | 0.80 |2.652| 0.84 |2.652| 0.89 |2.654 | 0.65 |3rd O torsion
10 ]2.031[ 6=x [3.345[3.340 | 3.505 | 0.25 | 3.353 ) 1.10 [3.355| 1.11 [3.374| 1.03 |3.342| 0.94 |4th y bending

x direction corresponds to North-South direction.
4. HZ 0o- MZE& ofxX|=

et 2E FA s AIEE dAlutol 2 ol o] AAREETS AAstr AATFEA TS Hleh] 9
ato] FAESS SAERE Fobstan, a9 o] wAlA FAS FHI dde] FAMEHIS AU
Age] ARgE AlAE ICP Type 15 PCB 393A03(1V/g)elw, ZZA3™+= ICP Type PCB 086D20
(023mV/N)o|t}. dlolej85 A= 16ch LMSAF Pimentoo]™ 24bit, 50~50,000Hz7FA] thekst Samphng
rate, 0.316~10Volt ¢ AF¥S Hfrskal Atk Sampling frequency=200Hz, Input range = 3.16V(41A)
10V(3 ), Pretrigger=1%, Force window = Rectangular 10%, Exponential window = Decay constant 0.25,
Block resolution= 1,024 52 LMS9| TestXpress Optiong A&ttt AZ3 d3-58 AF7] 2 vjs)
of FHel E ZudEYQl PolyMAX % FDDHS A&38te 1filess, Radd 2 & 5394 2
& REAFE FEOATHE 2). ol2d APdds 8 a4 Z2a9d ANSYSE AHgate]
e ohekgh 239 s ATe} Hastglon, s dAE A4S UEtitHE D).

I 2 PolyMAX2t FDDoll o|5to F&ot ZEA 2| vl

Modes No preaxial load Preaxial load (P=5x150N)

FE Extracted by PolyMAX | Extracted by FDD FE |Extracted by PolyMAX| Extracted by FDD
Analyzed Analyzed
f f 13 test / f 13 test / f f 13 test / f 13 test /
(Hz) (Hz) | (%) | analyzed | (Hz) | (%) |analyzed| (Hz) (Hz) | (%) |analyzed| (Hz) | (%) |analyzed
2.848 | 2916 | 271 | 1.024 |2924| 14 | 1.027 2624 | 2774 | - 1.057 | 2945 | 14 | 1.122
5.171 | 5169 | 2.05| 1.000 | 5259 | 0.8 | 1.017 | 4940 | 4888 | - 0.990 - - -
10.091 |10.001 | 1.14 | 0991 |13.360| 0.3 | 1.324 9.806 |10.446| 1.27 | 1.065 |13.250| 0.3 | 1.351
16.072 | 18.807 | 0.27 | 1.170 |20.600| 0.2 | 1.282 | 15.729 |17.927|0.42 | 1.140 |20.400| 0.1 | 1.297
24.851 [24.607 | 1.0 0.990 [26.630| 0.2 | 1.072 | 24.472 |24.572| 0.9 | 1.004 |26.550| 0.2 | 1.085
35.048 [33.852|0.26 | 0966 [35470| 0.3 | 1.012 | 34.661 |33.075| 0.99 | 0.954 [33.430| 0.6 | 0.964
Average 1.023 1.122 Average 1.035 1.164
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