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Non-destructive inspection of large structures based on laser-induced plasma
shock wave excitation technique and polarization interferometer
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Inspectors have demonstrated visual inspection to detect damage or failure
of large-scale structures such as aircraft. Therefore, the inspected results vary because of the
differences among individuals, resulting in non-cost-effective and time-consuming approaches. The
Principal Investigator of this study has been studying the detection of damage to structures using
Lamb wave propagation with laser-induced plasma (LIP) shock waves for the input and a scanning laser

Doppler vibrometer for the output. This method can provide non-destructive testing (NDT) for a
structure with an inspection area of 100 mm x 100 mm square with 2601 points in approximately 40
min, but the inspection time must be less.

In this study, a commercially available high-speed polarization interferometrg for the output that
can simultaneously measure multipoint vibration responses combined with LIP shock wave excitation
for the input was used to visualize Lamb wave propagation in NDT in a shorter measurement time.

Lamb



Bk X C—19, F—19—1 (JLh)

1. WSO 5

M2 ) BB D X — v 7 L— R7p &, KEEED O KB EOREIL, MEEDHR
P XD FER R THS. LoL, HIEMRICIIEAECLLZEL2E2RH Y, THSOEH
ORI RIAD e\, F72, BAEB OB RICITE KRR A1 5.

R D R S 2 R 5 72 6012, Lamb % & F VN2 KA EY) O JEREMR A IE SRS S Ty
%. Lamb J1E, WEN/NS A BEEHERENE WO FHEERTH. ZOD, EBERTRED
Pefil T A 2 X 0 AR S 72 Lamb I & W FERERETED, WO bBEIES TV 5.
LML, INHDOHETHE, #iT A 22H\W5720, SRl CIREk%Z, mE CThiEd 252
EIIARFRETH - 7.

PRI 1L, RIURRIEN) O [IG IR s A fi [

B TEBRT 5010, L—F—FiE ST A~ | NEYAG
(Laser-Induced Plasma: LIP) JHEIZ X 0 Ak &= pulse las\e\r

Lamb % AW 5 FiE&4RE L. LITTRT &9 ¥ Loser| © Scanning »
iz, B A =Y — 2 RO TR S LDV

L, BRBBEDT T AT V— bR END.
ZOT T A PNEARICHEERTIEN D & X, HRE 2
DAL Z 4 A [N. Hosoya, et al., Int. J. Mech. Sci. 140 i" L
(2018) 486-492]. = DTEEENL AN IEME D A & !
PVANRES) & 72 B RFIETIE, AR S 472 Lamb 1 LIP &% L LDV IZ L % Lamb
WrAxy = 7L —F— Ky 77 —REE oz

(Laser Doppler Vibrometer: LDV) TEHHll4%. AT

EERCD Z LT, IEREMIEME T AN TR T 72

BB TE, XD, BT S AT 100 AEHA GRASFEL T 100 mm x 100 mm) 1235
EZ 6 HFHAZE L T2 b D%, RFIETIE 2601 AGHHITR X% 40 ICEHMET 2 2 & ITk)
L7-.

2. WHEOHEM
AWFGECTlE, BEFORIETHEE LIP @REINEE2 AL ES. £ LT, LIPIREICE DK
X BAEEWI Lamb I 24T 5. 20 Lamb I DEIEE AR AT A L v makl L, HEs
BOAZBET 52 LT, IRIERERE 2 CTERET 5. RO LIP EE A% v =
7 LDV Z#HAE DR FIETIE, 2601 SFHITEEZ 40 22 E L TW e, Z oI Z S
OIZEMET 5.

3. WHEo ik

X 212, ARBFZECTHA L7z LIP R TH2RT. K2@ond Lo, BFE#k B, Wt
THWEHA2RE L. £72, N&YAG 27UV A L—H—% % E L, ik BT LIP iRk 2
FAEIHET, H2b0WIRT L2, I T —2MERE Lz, LIP ARk & ik oz m £ To
PERfE (R & o RAZERE) 12 10mm & L7=. L, LIP H8®ikic X v fi{KIC Lamb 3% %2 45K
L7-. $£72, FHNFEET 37 mm x 80 mm, 7 &1 X1 96 x 256, HRH L 210 kfps & L
oo ZHUZ XY, 24,576 RORBSEORIKFGFHIZ EH TE 5. Fiz, D7D, koL —
W— Ry 77— KRG 2 AT, 80 mm OFHUFRZ 1| mm HIFE, FF81 A% 1 A3 DFHH L7



High-speed polarization Laser beam

.interferometry _ Ce
- <

& Nd: YAG

< pulse laser

M & Plano -convex \

Specimen § lens

(@)
LIP yShock wave
[ —§ Standoff distance:
S
L / |

Specimen

easunement a
@6x25®

point

37

®) Measurement line (LbV) (81 poillqts)
2 LIP@YET#EHI K % Lamb W OEFHAIS A7 A, () FBRAEEMISX, (b)HERAAE DI A
¥ KOG

. WFIERCR
(1) FHAIS U7z Lamb 3 O (7 AHIE EE

¥ 312, AT AT LA TR S A7z Lamb OO T 0.0 s
IR . 31%, 37 mm x 80 mm DEFHIFE AR LT '
Z. LIP IR 95 us lI2B W T, RIENAKRE L BA-oT05

A H Y, T OFLD LIP BEEIC K DMRA L 22 5. Lm
REH 23R~ 2 1256y, Lamb AR A A HARHE L T
D ENHERRTE D,

ARKIAT LB LIOLDV IZ XV EHAIE 372 Lamb ¥ DA
Do E R, TN AR & LT 5. X 4(a)
ORI X 9T, mEHN Sz Lamb &, BATE JiA A B

%&Lfﬁ&,m%ﬁ%ﬁﬂﬁfmﬁﬁézkﬁ,E«m

T & D W EES A ERR T 5. Z oI 2(b)D 8.5 us 0
REOER (LDVIZ L 25 1oxtisd 5. 207z,
LDV |2 & v 2l &7~ 81 S OERA R &, #cth 2 2138

A& LT, WEERZERT 2286 TED. 20 |53 EHllah7- Lamb JED
W (& O E 75 Lamb W OAATEE & 70 5. LIP @EH (mpe

WFEAE 22 A VAN TH D T2, RS TC Lamb

& 1Tk % B AR S E £ 5. Lamb WITEE N HMEE FEO72, TUXNLT 4V H & H
W, FTEORBEEE A L, WEEG (K 4(c), TOEEE 40 kHz THIH L72#l)) &3k
DD,

9.5 us

Displacement [nm]



NE

o
"

= =

b
A

!
’
A .

lance Digital filter
(a) [y, ) (40 kHz)‘ .
/ { N . Time [ps]

(b) 0 'fmqm] 100
X 4 TLamb ¥ ONFAEEE OHH

D

ES&JK/XTA@%UkiU%%®HW
(A 12895 SNT-AAEEE O 4y Bl %
A E£ 77, K5ICBWTIE, o, i
M (FE#R) bERTORLTHS. K5 E2RD
L, RUAT ARG LA, 5
ko LDV BLOMENTEE B —HLTWD Z
EMDONDL. AV AT ABLOLDVICEVED
NINFEEOBEB L ZH% TH-o72. X 4 0 40 80 120 160
R T X DT, SLAEEEE XA L KD D Frequency [kHz]

ZEmh, BFOBEEEUBNEBE. LD @ Ao L ek LDV
L, BIs kD, RS AT ARADBIEEAL e Lamb s it
TW5ZEND, KVATLAEMNDHZ LT, - -

i pFHC Lamb DR Z AL TE 5 Z L 305,

(2) EHEHE—F

AR AT KX, Lamb ORI TiEa <, EMAOEGIREIE— FLFHIIT A Z 8T
5. K6z, RVAT AMIX0ELNIMEREOBEAREE— RE2rd. K6\ TiE, K
AT AT IV HF N EARE S & FEIMNICABREZ T IC L VSO -Ea RS E Zh<
NWRT . RUAT ALV ELNTZBEEEEST— ML, koSG I VBN & TR
720, 24,576 MORBSEICHESEE LN TWD 2D, EFICTHEMARBRERILTX 5. £77,
AR AT NEFREZRMHTIC L VR ONTEFIREBEOZITIERRE L > TND Z b, +

DIREEEZFLTWDLZ ENbnd.
W”
.8)

L LR 0 L
3 J}_/,)____ ‘ 8 * . — . ‘ |
P (@ .) ol “"3‘“"‘- e e

I6 K AT LT %Bhtlﬁ%%%WFﬂ KU AT DMLY FF DB A IREN S & 4E
ﬁ@%%%ﬁ i@ FonEARDEE TR

® This system
°oLDV
— Calculated

Phase velocity [km/s]

W*EI

4!r Z,
k7




(3) FEMEERAE~DISH

Lamb K DIGE DT 2 H8IR4 5 2
LT, zliVX?A%ﬂ%mf:#ﬁEZ%ﬁﬁ
D FEB A REVEZ MRGET 5. RIS
HEERIAR O B o0 Z2AHNZ B 20 mm 0)
P%ff}i%ﬁbu TR L LTE&DH 7‘5 &

WARREEREE L. X 742, A
*’*E'@EWH LE A R ZIK%%’C
&, RO R (X 7(a)) &, B
b 20 mm BENL7ZGERT (X 7(b))
D2FEEE LT,

X 812, AT AT AT XD IEMEER
ERER A RT. l8(a) (c)l%, LIP ¥z
% 9.52ps, 143 ps IZBIT HHEEAIREET “ - -
® Lamb ﬁ@fﬂé@ﬁ%% [ 8(b) () X7 ATMETREDHD L.

1%, LIP M4 9.52 ps, 14.3 ps ([ZH1F 5 BEFIRETO Lamb I DR DR T2 2 Z 1R LT
W5, X 8(a)&(b), (c)&(d)ZELbEET 5 &, fEARiE L BAEIRETIEL, MINE&Z Y 172
T D Lamb I DGR DRI EAL DR TE 5. LA OSGAT Tk, HF 0 B, £z,
X 8(b), (d)Ti%, Lamb I DIRIEDOREFIEALNBIN AN E NN B 508, L, (g &
WO AHT AL EN R D720, Lamb AT LN EZNE b EEZOLND. I
W2k, BEMMIINENT LD R BEIRESY, KAV AT MK DIEERELZHNDZ T, B
HTEDZERbnd. 5%, (MINEEOESCHRIHTEAMNEEDKE &L, KRFEOMH
HIRA 2 a3 5.

(a) Original (c) Original
5 ) ‘ 9.52 us ’) 148 us ?
. §
 /d %
(b) Center (d) Right 03
F » 952pus ¥ W43 ps =
C Q 2) JOII
F k. a £

8 KT AT A ié#ﬁﬁfﬁiﬁﬁfﬁ% (XD BIONLEIATIE EE T 15, EEikpe
A4 L7=) . LIP IE# 9.52 ps 123 7‘5 Lamb I DIFEORE T, ()fEAIRRE, (b)FFIRE

(Pl &) . LIP IR 14.3 us (2381 % Lamb 3 OA&HEORET-, (c)f@ IRBE, (d)HEH
REg (P g5 20 mm B 7o ArE AN &



Ardi Wiranata, Yunosuke Ohsugi, Ayato Minaminosono, Zebing Mao, Haruyuki Kurata, Naoki Hosoya, 8

Shingo Maeda

A DIY fabrication approach of stretchable sensors using carbon nano tube powder for wearable 2021

device

Frontiers in Robotics and Al 773056
DOl

10.3389/frobt.2021.773056

Ardi Wiranata, Makoto Kanno, Naoki Chiya, Hozuma Okabe, Tatsuhiro Horii, Toshinori Fujie, Naoki 15

Hosoya, Shingo Maeda

High-Frequency, low-voltage oscillations of dielectric elastomer actuators 2022

Applied Physics Express 11002
DOl

10.35848/1882-0786/ac3d41

Naoki Hosoya, Tsubasa Katsumata, Itsuro Kajiwara, Takashi Onuma, Atsushi Kanda 148

Measurements of SO mode Lamb waves using a high-speed polarization camera to detect damage in 2022

transparent materials during non-contact excitation based on a laser-induced plasma shock wave

Optics and Lasers in Engineering 106770
DOl

10.1016/j -optlaseng.2021.106770

Sho Wakata, Naoki Hosoya, Noboru Hasegawa, Masaharu Nishikino 218

Defect detection of concrete in infrastructure based on Rayleigh wave propagation generated by 2022

laser-induced plasma shock waves

International Journal of Mechanical Sciences 107039

DOl

10.1016/j - ijmecsci -2021.107039




Hosoya Naoki, Mita Masakatsu, Lecointre La A.C., Tonegawa Shota, Higuchi Ryo, Yokozeki
Tomohiro, Takeda Shin-ichi

58

Lamb waves evaluation in CFRP plates with laser shock wave technique

2023

Structures

105566 105566

DOl
10.1016/j . istruc.2023.105566

Hiruta Toshiki, Ishihara Hiroki, Hosoya Naok, Maeda Shingo, Takagi Kentaro, Kajiwara ltsuro

33

Active vibration control for thin curved structures using dielectric elastomer actuators

2024

Smart Materials and Structures

035047 035047

DOl
10.1088/1361-665X/ad2880

[No.21-55] 17 (MoViC2021)

2021

D&D2023

2023




D&D2023

2023

Lamb

D&D2023

2023

Mamoru Suyama, Masakatsu Mita, Lea A.C. Lecointre, Ryo Higuchi, Tomohiro Yokozeki, Shin-ichi Takeda, Naoki Hosoya

Characterization of Lamb wave propagation in CFRP plates with a stiffener

The 17th International Conference on Motion and Vibration Control (MoViC 2024) and the 20th Asia-Pacific Vibration
Conference (APVC2021)

2024

D&D2024

2024







