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Numerical Simulation of Guided Ultrasonic Waves for Inspecting Epoxy
Thickness in Aluminum-Epoxy-Aluminum Adhesive Plates
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*Department of Ocean Engineering, Pukyong National University, Busan, Korea
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ABSTRACT: This paper presents a numerical simulation of guided ultrasonic waves propagating in aluminum-epoxy-aluminum adhesive plates. In
particular, this study investigated the effect of the epoxy thickness on the dispersive patterns, such as the phase velocity and group velocity of
guided ultrasonic waves. In addition to investigating the dispersive curves, a numerical simulation using the pulse-echo method was carried out.
This simulation showed that the degree of sensitivity of the epoxy thickness is dependent on the curvature of the phase and group dispersion curves,
the maximum amplitude of the received time signals, and the peak frequency of the real components of the Fourier transform. Then, the linear
relations between the epoxy thickness and the received and transformed signals were constructed to estimate the epoxy thickness.

.M B

IrH o g IYTZES AME A4" FA 3
AASHA HH o] W FxAHoR FPE FHoFe
(Connection) == ©)]5(Joint)o|th. WetA] s|SFT2E

i

k)
o A

= w548 B EAES] H Ve ¢ Ttk A
5102 &H(Welding) F45A5E AHshe ol F2 AME:

Hoj gor 7|AIAQ] o] T F<(Mechanically fastening)

T S dTEEel Add RIs] ARgE o] skt ol9ldl® &
Aol 28 ZH3H(Adhesive bonding)©] AME-F I I=H| ol &

Frled 22 7 F5A8Y AR (Fiber-reinforced)
Jiéﬂ—zﬁ g_oﬂ ] t‘ﬂ—-g]_\;}
HEHA g At

1.0

=

7] ]x—lo] }_oh,]. H]ﬁ/‘y\— Lq],] XPX]j

< e Ak (1) EES) fHS AT o dAEe 54
1 SEE AT 2 JE Al FRE £4E FA o
o () ste& HE TS dLePer vE FH(Fatigue
life)S 71X 71t Zeng and Sun, 2000). (4) ®1-&°] AA EiL
23} FRE AL 5%, F FLZE A 5~10%2 ZIFA

&7} 2tHLubin, 1982).
HAERA A o3k H3el AFEEE dEAQ HHAS oFA|

HHoZ JZEA P AEE 3 }j
we ol AR, A2l gha
il%o] AR 3 k53 1373,'%‘0]

=)
=

E(Adherend)d] 7
I Bt e

A

%]

h—( o Mol

s 7] Aol 2 =2A)
E}(Calhster Jr., 2003). whebA 2t A] 427 au oﬂi/\l
Aot HRA2AS ddeA FAstedof st THd Xﬂx—h}@
ANA CFA] Fho] EFetA JHAHY VoS AdrE
AT

Aoy e @A olFA] HEFel o3 HRde] F
FRE 98l FEReTel o3k HTA AL o] 2k A
Qt=]of $ith(Puthillath et al., 2009; Deng et al., 2004; Wei and
Yao-jun, 1995; Lowe and Cawley, 1994). Puthillath et al.(2009)
< FEA A& HA7] o] AFH Al a#sfof sh=
GFe FERE Ak B9 ATE FREeH,
Deng et al.(2004)2 Lamb3}o] MA@ E 585 53 H2He]
A AAelE WHES ALSHATE T8 Wei and Yaojun
(1995)2 A& =4l (Perturbation model)S Lambi5 ©]-&-3F 7
zgte] AWM Hrlell &-831931, Lowe and Cawley(1994)=
FEREHE] FAEAS ol 8ste] HEAS el gt et
B4AA BPEEES AAETE ol d7e AERA JH
Z3sle tE(Multi-layered) F& HIEHE =%

mN

- =4

(Epoxy)E & = =, FA e G7laA AR &3t FES
HH: FAkg A G dl13%, 051-629-6588, wna@pknu.ar.kr

SRR EERE T Dol e

&Y WE

117

EES 2oz

BRI



118 NES

gote] FANEE BEe] PAA S} HABADY FehE B

hshedl #54el 3l
o

dolx 54 Bz F4143% % 717 (Excitation) .0 23
100mmA 2] ol Eolde sty o=
FE FAA5 e f‘fé*c} ‘;—l 22t %*é% HI g A ske] o FA] =
7 g}l we EALS 2AEHL 019} e AT
Lowe$} CawleyJJ- 1994 30]] A|ZstR o 1 F Tk ATat
Sl oJa EAR AN RS FAA sl AT R
P ATHLee et al., 2008; Na et al., 2005). & AFE o] FA]
FAZE SFulE FAQ 1%, 5%, 10%, 20%, 40% 0] 2 )
o] &R, #EE, 283 FAILSE BlaEAFgoEZN B
o AFAR ARE =3 5, AFA FA WSt
ExFue] 544 viAe S Ao =N HEwe] #4
] B A7 A shedl B A HF o] Sl

A
Bl
_(>|L
rr
4

2. CIE5EolMe] mf Mo}

2 =%dre A9 EH(Global matrix method)s 72
2 3 g5l xe] 9 du mdgs AAEaTh d9gE
2 Knopoff(1964)°ll 23l g2 2 | O}E]C” °n, 1 ¥ g9
A7l Sal B = o] gk HZol o] WL = Imperial
College®ll A 73t Disperse 43 E 9]0 E%Q—‘C— T s
TE] frev B2 Aol 7P 8% =2 e g Ay
ekt webd ARy EHE o] 85 gAY 3 A
R B3 o]ES ds] AR 3o & A
FARJ] EFolE-oFA-LFrlE e 2l v o
FaLat ek

tZgoll A9 3} M2 d(Wave propagation model)S T3
a17] felix= WA AZsk(Bulk waves)o] AHEE g ske]of
doh A Ao EejA Addo] ZAHY, 74 Sl &
Hal M= 2 ol SAske Aol JFoz @A A
Aup A& 2 FEEdS ddske sl Z*"df‘gaj
(Global matrin® A7 A28l @] s 7 =
Aol Aol S8 H9e AAZRNT AFE ook ?ﬂﬂﬂ’avlakowc
et al, 1997). Fig. 13} 22 5% 7X9| P =S = 50
B2} Fig 1914 A& 3= L+, SV+, SH+Z RAEHH, o|E5&
7y AN BAXRDS WSS gE ook Itk (Lowe,
1995). 47]4 L, SV, SHE % 3KLongitudinal waves), 27t
3}(Shear vertical waves), §-%3 AT} (Shear horizontal waves)
£ A7 dehdt), 23 += oS = SRS 44
Ehditt

S HollM HubE= Lambute] 7 SH+-= AE L
a7fe] AH 97} 240l XS, Lovedte] 75 L+-o} SV+-7}
AeE]o] Zhol 2749 A Aoyt Al dvh 53 Fuse
(Frequency), ¥<(Wave number), 7+4](Attenuation) 3ol
3 o= AAHv= B FFUFE AoHe s 4

l

A -l

Layer 1

L- SV- SH- (semi-infinite half-space)

z / //’ Bottom
\‘\A\ SH+ Top
L+ SV+

L-_sv- sH- layer2

Bottom
x \\\ SH+/// Top

L SV+ L- SV- SH- Layer 3 Guided Wave
Bottom

\\\ SH+/ < Top

L+ SVF L- SV- SH- Layer 4

/ Bottom
S

Layer 5
(semi-infinite half-space)

Fig. 1 Geometry of a five-layer flat plate system showing the
partial waves in each layer (L+-, SV+- SH+-) that

combine to produce a guided wave

a7l ek olsh e 2L AGWA YA FolFonH
A 5 o, Fojzl AZEA ALY PN e T3t
T, 3 2R3 G40 9E Yehdeh s o

FFIE, S, BA)E wEAS
Ue 2ol s B4 wee] wael Told + ol
ow, o FHL PE meEdiE I3
A2e] QolAW frwste] YRS FEY 5 gom Az
o] E4o] 4ol .

B ATNE AGPIHOE APSEG FHE BT
2 aha, AREAEAAL FA) e o5 WelE ¥
FoEn PTUF-AEA-LTUF AHB] FHYUE 3
Hoz pahuA ek wH, 59 Fordld 53 2
AAEE A0 2RE 00mmADNN A5 AN
2 Sastel FANES] FY D 23 B4 HmEAst]
A %7 slel mE NERN EAE ZA LA Bk

4 rﬁr

o]
ol

A

3. MaE DYy

Fig. 2} o] ¢Fug-dZA-dFrF Haas
At dFolFE #A FAE ImmE LAY
GFE S HEZste ZFAAR] olFA]

EERE!
2 919 ofele)
-4 T”ﬂ"& ti

Tl
o

[l Ll Tt ol Tl Tl ol ool Fal ol Tl ol
DD D
LT LT LT L L L L L L T LT LT L
e e Ny . T Tt ot ] ]
et luminum e h=1mm
e

Fig. 2 Model of aluminum-epoxy-aluminum adhesive plates



GFu - FAL-LFrE AN AFA] A HAE A FEREI FAAEY

Table 1 Material properties of the aluminum and epoxy

Aluminum Epoxy
Density (kg/m’) 2700 1170
Young modulus (GPa) 70.785 3.999
Poisson ratio 0.337 0.390
Longitudinal velocity (m/sec) 6320 2611
Shear velocity (m/sec) 3130 1109
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