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Impact Damage Detection in a Composite Stiffened Panel
Using Built-in Piezoelectric Active Sensor Arrays

Chan Yik Park™, Changmin Cho™

ABSTRACT

Low-velocity impact damage in a composite stiffened panel was detected using built-in piezoelectric active
sensor arrays. Using these piezoelectric active sensors, various diagnostic signals were generated to propagate
Lamb waves through the structure and the responses were picked up to detect changes in the structure’s
vibration signature due to the damage. Three algorithms — ADI(Active Damage Interrogation), TD RMS (Time
Domain Root Mean Square) and STFT (Short Time Fourier Transform) — were examined to express the features
of the signal changes as one damage index. From damage detecting tests, two impact induced delaminations
were detected and the location was estimated with the algorithms and diagnostic signals.
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2.1 ADI (Active Damage Interrogation)
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2.2 TD RMS (Time Domain Root Mean Square)
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2.3 STFT (Short Time Fourier Transform)
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(a) Composite stiffened panel and test areas
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(b) Panel size and sensor locations

Fig. 1 Composite stiffened panel and PZT sensor locations.
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Fig. 3 A-scan result of damage ®.
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Amplitude(V)

300 y/H

Fig. 4

Fig. 7 Damage location estimation of the damage ® using TDRMS
algorithm(driving frequency: 100 kHz sine burst).
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Table 1 Damage index of impact damage using ADI algorithm
C1 c2 C3 C4 C5 C6 Cc7 C8 C9 C10 | C11 | C12 | C13 | C14 | C15 | C16
P1 0.00 | 194 | 075 | 0.73 | 1.17 | 190 | 3.85 | 1.27 | 1.53 | 1.27 | 26.54 | 454 | 242 | 480 | 6.38 | 14.05
P2 194 | 000 | 083 | 0.16 | 067 | 1.34 | 262 | 141 | 1.02 | 1.90 | 38.34 | 488 | 2.23 | 588 | 5.03 | 15.24
P3 0.75 | 0.83 | 0.00 | 0.38 | 0.35 | 1.26 | 0.86 | 0.14 | 2.42 | 435 |[36.02 | 3.93 | 3.61 | 6.14 | 1141 | 6.06
P4 0.73 | 0.16 | 0.38 | 0.00 | 0.37 | 1.62 | 0.39 | 047 | 483 | 838 [31.96 | 2.90 | 2.20 | 11.37 | 12.72 | 5.50
P5 117 | 0.67 | 0.35 | 0.37 | 0.00 | 0.80 | 822 | 3.39 | 0.65 | 0.40 | 2840 | 16.88 | 1.45 | 254 | 516 | 5.20
P6 190 | 134 | 1.26 | 1.62 | 0.80 | 0.00 | 20.84 | 892 | 1.63 | 0.71 | 34.99 | 470 | 2.18 | 4.00 | 458 | 22.70
P7 385 | 262 | 086 | 0.39 | 822 |20.84 | 0.00 | 3.10 | 2.06 | 2.07 |40.03 | 3.32 | 6.74 | 9.00 | 17.71 | 12.11
P8 127 | 141 | 014 | 047 | 339 | 892 | 3.10 | 0.00 | 1.74 | 3,57 | 5291 | 264 | 10.12 | 6.65 | 3.98 | 3.33
P9 153 | 1.02 | 242 | 483 | 065 | 1.63 | 2.06 | 1.74 | 0.00 | 0.09 | 11.58 | 1851 | 2.97 | 249 | 199 | 1.48
P10 | 1.27 | 190 | 435 | 838 | 040 | 0.71 | 2.07 | 3.57 | 0.09 | 0.00 2301 | 16.53 | 1.62 | 0.63 | 1.44 | 1.56
P11 | 26.54 | 38.34 | 36.02 | 31.96 | 28.40 | 34.99 | 40.03 | 52.91 | 11.58 | 23.01 | 0.00 | 8.14 | 8.38 | 11.50 | 11.33 | 11.98
P12 | 454 | 488 | 393 | 290 |16.88 | 470 | 3.32 | 2.64 | 1851 | 16.53 | 814 | 0.00 | 293 | 3.22 | 3.67 | 3.02
P13 | 242 | 223 | 361 | 220 | 145 | 218 | 6.74 | 1012 | 297 | 162 | 838 | 293 | 0.00 | 403 | 181 | 131
P14 | 480 | 588 | 6.14 | 11.37 | 254 | 400 | 9.00 | 6.65 | 249 | 0.63 | 1150 | 3.22 | 403 | 0.00 | 2.36 | 3.19
P15 | 6.38 | 503 | 1141 | 1272 | 516 | 458 |17.71 | 398 | 1.99 | 144 | 1133 | 3.67 | 1.81 | 2.36 | 0.00 | 3.04
P16 | 14.05| 15.24 | 6.06 | 550 | 5.20 | 22.70 | 12.11 | 3.33 | 148 | 156 | 11.98 | 3.02 | 1.31 | 3.19 | 3.04 | 0.00
e PHS EANGTE B B Mo ofRoldl 7 thh  olefith AlMolAL 400 kHzel Qg Azl T AlAe)
§ ol &Afo] EARIL FAsHe Aol wtebd o] 27 ko] J|E Fuwg thel AlEe| wistel A ehgth
omRE tfepholAyt AW OoE fAfo] PZT 7,8 12, 11 Iy gHo] 2 AEZl &AEAd] wsAE gele
A2 orel o ok el Uee 23 4 9k o, Ag Alme] Al HiE wgmE Tx, A4 9 a4
£ A9 G2 AMgeE daEEd] wel 4o Avle] ek BishE AeRE FHFEUc
e} o] ztol7k SlSl=tl, & =&olA= ADI 71| e
oF 5014Fe] ke 7HE W, 7]er 712 0.4-0.50]149] & 7t
A o &4 AT 4= Aok 2y o] fE &Y B 4.4 2
% 71 HOIE £ 27jo) mek Assh, 591 ADL 71w epogs a4 937 FRED AR B34 w3
Hol A9 71+ dlolg xFo] wErE gro] FolxE= A o Ars] AEE 16719 PZTE o]&o]dl i ofd L=
°f &t Fig. 13 Fig. 2004 23%o] $AEY ©= PZT 11 gz sbgatel 249 A454 £42 gxskieh
oA S ¥ oofyel, &40l A1 ARukErbA] fE o 220] &bl TIZlet EALS 2Zdle] &AM BHR|Els 3
A =4S 4 Uk SPARE FAEF ®= 07 inch HAO J1x a4 @mEZ(ADIZ]Y, TD RMS7|H, STFT 7]4)
e S0 2 EFoldME PZT o) A HRAA EA o Agsigon, 7¥o) uel AAEE wAstd. o] 7]
a2 groma gafol Aok Qx| Ao ok AW wEo 9As =Y 24 EXS AMgsPoU, AME R
2 =ROA AAIRE 371K 7] SR FE 2SI, £ slo] &Are] ZAE Felst 4 glon, AW A Y
o] &S AR AT 4 Sy, FAHAFAE F T F2A = £ ¢ 2442 4 Aok
4 5 Ad A 71HE Aol ARgste] Afratzo] EREE 1.5 inch
sk &4 @9 - 100 kHz] ARQl HAEQL fojE&3 A9 FIt £ &4HERE ofygt S&te g gelo] Evedt
A Azg ARgstel TD RMS 73zt STFT 7| ®S% 07 inch 2739 33+ &2 SA4= FA7F 7hestglon, &4
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