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Non-contact Non-destructive Evaluation for Adhesives between Steel Plates Using Air-coupled Ultrasonic Sensors

Takahiro Hayashi Morimasa Murase

Tsunaji Kitayama Hiroshi Adachi

As expanding the usage of adhesives in automotive bodies, non-destructive inspection techniques for them are

increasingly required. The aim of this study is to evaluate adhesive regions with non-contact air-coupled ultrasonic

technique. First, ultrasonic transmittance of steel plates was investigated theoretically and experimentally. As a result,

transmitted waves at adhesive regions can be detected using oblique incidence and reception where the sensor angle is

adjusted to the critical angle of A0 mode of Lamb waves. Secondly, images of the adhesive regions were obtained by

scanning ultrasonic sensors and taking amplitude distributions of transmitted waves.
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1. T € ®iC

RTF—OBEEREERINSP, AT MO A3
RLTHBR, ~NAFUHORRy MNERICIE, FERO®REN
WEXRRZEL SN, AERBEOKERBEL 25T
W5, FITARy MNEEITRORER LURT —\iEDR
LEEERE LT, RF—MIROBESICESHNEDRS X
SRS TEQNSE, LnL, BEFANC X 28MRE OBESE
PARENSEMERT DN TET, RFA—DBEICHE
By EEHOERE Z APEFMOEETLMAZ LT
20 2O DIRE OEER L FRENICGHEcX 55
ERRSD SR TS,

MBI OFEREESEM 51T 5 oD DFEB & LT, MU ER
R BEEREEPBOEFESABICEDETHH ST
5. BTLBERI, AR~OBERDRL, MBNEOR
EWMTR 510, AERBICBOTEALRLTVAEE LT
ELIERIh TS,

LL, BEEZEEEHN~AS L, BEFEA»LD

FREZET D200, HREBFRE VHEickeY
AT EDH v TV v TEEBORTER RO RER
Thole. FDnd, BESA L PTORETH-TH,
EAEMEELKITB LY kB , BFRE et
*20124E5 5 14 HSHR
1) (B0 BWPRBFEET (480-1192 BmEREAFEENE 41-1)
B HEE
2) - 3) B0 EEPAHER (RL)

4) b3 ZBEEGER (448-8666 BEMBEXENT—BET S 100 F
Hh)

Vol.43, No.5, September 2012.

B OIITKEREMT 2D EHKRE) THLERS
D, FOBEBII—HMORAT A L2 KICRENA TV

I, ZERITENIRETRE GRS TN~ ASL, #
BANEERL72%, MBI LIRBT 28T ZBRERZE
TELEFEERE PR 20D Ey P A—F—IT Lo
THRESNEVTY, ZhTRERRIEERERRE VD,
AR ETRA SN BEREHE IMHz~100MHz) X9 b
RWERER BB SN D2, RELSMESZREIES D
CCEAEROVBEEELZRAVIERZE LS, BRSh
TWAZEFEBEFR T Y ORI S0kHz~1MHz 2 &
RoTWS., KBRIEEOEVEMSHEIISTERNY
DO, FEMTRENFRRL 257D, T4 P TORER
E~OHEAPTSEETES.

AR CHL, ZORERRINEZEFREN LD
AR E O IR S~ R REH 5.

2. EHBEREORE LFHFE

ZEPRBE RO EEES OFM~OBAIC OV TR T
LENC, HRALEEREDFRHEIC LY ZOWRELRE
5.

21 2 OOEEREO TR LEFERE

BEEAEE 1 »OEE 2 OREEBEECERT 25,
FOZRAVEFRE T, 1%, HEOBE (o) LHFHE () O
(po) TRENDJIFEBA LV E—F LR (2) EHHTN AYHREIC
Lo TUTO LS IERESND.

1157



ZEP B It T K B IR A I RERTAIG K 0> SR A T~ o0 s T PR

T, =122 )

TIT, IWAFN, 20, ENFREE L, 2 oEESY R
ZOTRNEFREL, 71 & Z,0FE (2 OBEDFTEL
P U ZADE) BREWVIZENEVVEEREDL, K—#RT
139012, ZERK—SARTTI3K0 3.5x10°, 15— TITE 0.25
ThHaD. ZOIZLPbZEREERIEBICHP~EBERE
BRANT DI LiL, EROBERECOKREICE b bOLT
N, GEDMDITEHE LN ERSD.

22, BROBEANBIORD AKX 5FER
HRDEE, WENTORIBEREIY 5572, fko 2
HEBORBEOT R XFEBRICHS, RBAICKEL 25
ZERHD. B 1 DX IIZEROKE EOTAMRNE 2
ROEE (BEp, TEc) 1D, BEOMEIRE RE 4, BE
Po RERER ¢, HIETHE ¢) WCAEITRNE OFFfniESHs
AFL, RREORE» HRRT 55650 RVXBBEIT
UFDX 5 CEHETNEHO,

4N°
I=— 3 2 @
M* =N+ +4N
=L,
N:écosz(ZB,) +§sm2(29,)
Z sink,d = Z sink,d ’
M _Z 0052(29,) +_Z_, sin® (29t)
Z tank,d Z tank,d
Z:pacc , = PsC , Zt= PsCy ,
cos@ cos6, cosf,

e e
6, =arcsir| -~ |, 8, =arcsin -~ |,
ctl ca

o 2]
ky, =—cosf,, k,=-—cosf,, w=2nf
< G

L2y, TXNEERE T, “HEOBESLTEIUIM,
A, FEE L REORD OB L 725 T 5.

ZIZT, 8RR (p=7800kg/m’, ¢~5900m/s, ¢=3200m/s) (T2
S (p=13kgm?, ¢ ~340m/s) HBHEEAS LIZBE0EEER
D fAKFEE, R USIRIC f2=1.0 [MHz mm]OFFFn % 41D
NHAF LT & & OFBRROAFAEREEEZ TN ENX 23, b
WY, K2azwR3E, Z2TERTS BEEMN 0B & 72
%) BEFEMEEOCEAL TS, ZhuE, BTTHREhS
HER OBUE M OIHREEEI R LT 5.

fd=n— 3

F7-, K 2b TIRAERETIIARWVE, EEOARBIZBVTSE
EFBLRSTNA. ZE, TAEDAEF—F, SOE—F
EFHEN A T — FOBRRA IR LTV A5,

1158

EBIZIX, AREE LTHWAERLS 2Rl &
STEY, BELE—AREOWmE IRy, £, #4
AT EEOASFA LS BEEF > TS, 207D, W
NOBHIZBNTHESFRIIH D 27200, BEAKNOE
&, RQ)TRINDERAEL T, MAANOEE, &€
FOBRAIZBOTERERKEL 2D Z EB3HRTE 5.

IDXEIRFRAAFHIZ LV BEREOBEREN ERTH L0
SHARIT, THhETERICHHRINTEY, EVEFHE
X DEERE~OBEARRFEN TS Y.

% 9-5 Gas or liquid

! Density : g,
1 Wave velocity © ¢,

Incident

] Plate

Density .o, PO S
o bse 10 wave
Longitudinal wave velocity ¢, , \f\
Transverse wave velocity : ¢, AW
A
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Fig.11 Adhesive images obtained with two sensor positions
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