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(A Study on the Characteristics of Elastic Wave Propagation
in Plates Using Pulse Laser Holographic Interferometry)

(Ki-Baik Lee, Jong—-Moon Na and Jeong-Hun Kim)

ABSTRACT

In this paper, the propagation of elastic wave generated by loading impact to plates made
of isotropic or anisotropic material was studied. And the influence of boundary conditions(free
or clamped edge) upon the reflection of elastic wave was analyzed. Before the elastic wave
was reflected from the edges, the elastic wave of isotropic plate such as aluminum plate
showed circular interferometric fringe pattern, whereas that of anisotropic plate such as epoxy
composite laminates showed elliptical one. And the transverse displacement curves obtained
from experiment and theory for both plates agreed well. Also, the waves reflected from the
boundary edges showed much differences according to the boundary condition of edges.

Nzdd A dlolx Bl WA (=69434)
p i BH A= 6, : AFW WA PG| P BAF YAkt
bR F (=~90° )
Hr d) @ Boe B9 WA BF
c AEW) WA ake] g A watz
E : Bns g4As 2 #
y : Bye] ¥olu](Poisson's ratio) (=90° )
A 3T ) LN =
T : B 7eAe 324359 AE 2y AAAYE o Ao AL ol
Jo(x) @ 0 Wi (Bessel) ¥ S8 AZ 7Y 2AN FEAY A5E = AEA
. o] 314 o= a7 AHg-E o] s
I, : ®nd Agd ak 9] 1f AF BHE A7 §ol
0 ] Rk B, 2ol 24| FolA st 2& WA FolA A
n o Ae DARHG WS 22 A J)A e %% Ast A7 nAe ¥

a(x,y) : nAA He AT H P AZ WY AT 2 Fo|AE o] 8¢ T2 A
A7} @ol ol 8= k. 2 oA T2
*;3311 AL Eﬂi}ﬂ :g‘i"]-\:“i]' 7]2“%_-5‘,3}_ t;-ll 7] Zl’}\‘jﬂ]mga‘ Gotbenberg(S)E ‘6‘—1:‘1]‘°“ -*]3“)"‘ ‘9-_}*38

A7lEATA W3y 24317 93 AHEE%3, Aprahamian &
6,7 = E
o] 5 51.9] Do 1ot Hyle] 3 Axt B4 A7 ol%
**%ﬂ-d,- T/&m?}jﬂ e A 3t =% Molin 5& At B39 7+3AE F
wexRgistn gk 7)AlE s

- 106 -



=38 dRETE st AAHerE MR
7t BE ZARde] AA 232 3t AL B o
A A% 5405 vlol g EAle &3 AW &
4192 A3, Olofsson F'V& Fu st P9
w#is A9 54S 7S

B AT e X HolAE ol 8% 25 =F &
2oy AL FAE TS, 7R st
R 2T A 230E Zke ALzt Hde 54
atFo] ZHe A e w2 sk v A B
FZ o) WA H AR RH ARHE Wste) w2} F3g
o024 O A EAS A7 &, Hie 4
5ol 7l Ae Wl B Fe HEu el gAdvte] A
o A3 "ol -4 (isotropic) AAY 7%+
o]%-4 (anisotropic) AAY 735l Hall A+
2A Al whE 2 A A4S APHoR Y
i, AdAe s 7 AWy £X FHE 023
A AN Aot vimgo s 2 A3 AP
AF3AT. 1Y E5viF A Fae s 7t
FAE TRATL R Fa U A PR E BF
Afreo 2 Tt HgAE e A x4 we
WAt e] AF 5A4E Wl - BAsgon, Hay
ol AR} 7L T3k AT At 310
A o S BRI

2. muo| ginie] Hxm 31 o|=X &4

Bol 48 VAL SR AAR o) F
oA I TV ARG AT W Pwe) A
Aok Wl FPAAE Fe ANHoz AFTHE
A (7, 0)F <183l B3, Had 7HlA=
d5o d¥Aoz yolam AR Ok At
2 % vk 2 skel BHel FA9 w(r, HE e
s} zko] mHEHT,

4 3w _
Dvitw+poh o7 (7, D ¢))
o a1 0 od (1 8 (,0
HAA, vi= r 8r[ ’ar{ r or (’ar)}]
En
= < A
D=%0-» HEE
2 (Do 9wg D2 JU¥yxn  a=VDfoh,
P=p/DE =309 4 (D2 ol s} o] "}
v4w+—alfwt,=P (2)

A8 %S telFEs o o] {3 AF
HE A Z3aAM FFEL g1 sk, &
AdF S olde}t Ho) ¥

271 238& w(r,0)=wlr,0)=0= JelYA 4]
(2)9) A% dgat o) "ot
D0<tLT

Ag [ Jolx)
2D &y x

%sin-a?xit—%i sin-z—f
(5 -(%)
()

FET o

w(r, H)=

dx  (4)

(5)

9 Aola A4 Ax LTF(t)dt=Ioi-?—E~] 2%
HY, T L) Agdezxyyg F3jA.

3. Al x| 2l Al =1}

£ AFolAe A= € oA E o] 87
2% =& TRy 4A Y FEAS FHEF
of ola] WA Bgstel A Wt wat Y
dolAE HA7I7] AT H& oA AT,
I He) AT LA A S5
FTRAAZ TAEY X HolAE o8 27 =F
FRIOPIYP L oA F& BAGH FRFPo =
o83t} EA7L AA A AL W} AF3} e
o E23 WL 2 =FAJE FRIY
© BA9 2714 el M 9] EAgo] M2 A3
o JE AFN 3 A HEe] 71FdH. o] &
2IHE AQA AF AFo g AAFH 2
ol A ol @ MATHZRE JFAY o9
AR e 9] WF2 ofefe] Ao o) At 4 3L
o

—A___n . _
an(x,y)_ 2 c0501+C0502 ,n 1,3, e e (6)

Figle J¥AANEE Yehdn. 21 "2 o)
AR WA HolX F& FELI6) SaA 2
e Foz prolAEd, 1 59 shhe Bl
YAHE BARLZ o8 GE shte E=21
A HRgol N FRoZRel WALY BAFT 1A
2 go7)y] % FzFoz olgAT EY 37

- 107 -



stEo) o Wado] LAE wARe At mWE
Ag A2 DA ) A QE 2} Ha D
A7 2 o|Fo) A= HA dojA ATRAE F438
Qod B AP 2185 "2 dolde AAITH
o] B WYL B FH 10BE(V)e] H2 A
7} HAHEY o] £3+8 71F2E lmsec Fol
o)A #o] BAAG, 2R F7t AHFHSIEIA
Bim 25357 de] X FREVE AR 3
FAZE77} 25 A= £30-E 71ELR ARA
A3 ZE AR BA BN 108ES B2 AT
eRHES SR, Ba Asel w4 €%
Z9} Hyo) $E 8 ¢ A7} Imsecd
glojof ek ol & e W} 27t FEIE ¥
Bol gFe 3 we 1&3to] F9} AR (battery) 1
g3 FET;o R o|FolXE HIRE FAIUE
g, &} Zyo] 23| £Jto] WA= A=
o) Az e} B2 LT oA A s B2 Az ote]
A7} Aol B o AR AaRE o]g3 AUt 2
Yate] WA war)e) Wx AFs IR AR
T} Imsec YNEE AHA QAR 27|gk-e A3
ANA Z=oz2X $5 ¢33 ¥ dAr|e H2 A
5 WAy Z=7ke] A 74271 lmsec’t HEE AT
oM & At AR 27FE JIEeE BFF
A} = 47k Atake AN Q3R A%
o2 7 LA Fo| Aol wE A% Mt
FYE BT $71 vk T HIHRNA LA
e A5 ABEL 9AR2ATE o83 FH
o 2 A Hud MR E FH8F ADE (D)
& Egch £3 HRe] 24 5 AT =0
ol A A EIAIA AL o) Fgell Ha e
2 31Fo] HEAEE TS, ¥R Ar|E
7}2 250mm, A2 250mmelZ FAE 24 3mm
(F=0F Bk 2mm(ol ZA] BF ASd)olth
281w 3= AA 6.3mm, AF 1.02g] 4 T(steel
sphere) & ] &34

Fig. 1 Experimental setup

37 AP 7HAAYrE 2% 139 54 A

(2F0F HH oA AACIZFA B S
el 271A FF2 AL W] tisiA e
A AR e eAdute] Axt 542 AR
adl3n gRuE BHe s 7HgAR T aZde
2 3z U A A e BF Afee R 743
o AA 24 BE vAlme] As EA4& v -
25 B3 FHue @ AFHE Hio) d3)
WA o 2 AR E g ¢ AFde A7
7mm, Zlo] 15mme] 7E-& FA43 d4ne A
gtol RN AAAG TP FFE AU
4. & 7 g ng
4'1 =1-{¥S] X alo]l ElAi I{_ BEA
Fig2v 94 AAQ 4FnF Hwe 53 4
¥ AxE dehged 7R 25 13 9 A
o] Alzte] wE B Ant JYE RAE
t}, Fig29 (a)-(h)x 523 ¥ &2 30usec, 0p
sec, 130 u sec, 200 u sec, 250 1 sec, 300 u sec, 500 ¢
sec, 2500usec &3tel ©Addte] At AJeoot.
Fig29 (a)-(b)elAe $23 F Azte] Zigo] u
g} A=Zo] ¢ P PAAFHY 7 FUHsin
Qe ol 7 AP F4HLE T4 FEY=2
BN HA Ut gAse) As 1 A3 W
oA A& Yehd T} Fig2(o)d e Hae 5
Ge FAo 2 FAE BN} e JHA 7
) £gEe] g1¢L B F 3ok 4FulE el 3
olA ol24¢l AN £% (V&' v=Y Elo(1—%
(E=70GPa, 0=2700kg/m’, v=033)2%¥
p=5.3%mm/ gsec’t HERZ, o]gHORE F7
F oF Bpusec’t A He) MA@
7} Ang Aoy AP Ao 2E 2F 100 4 sec ¥
AR d Ee2F gAY HFHE 32T+
7} itk aElsty A@HogEe Aw £t %
1.25mm/ gz sec7t @th. o9k o] Amt £ x4 3lo]
A AP o)&o] AFY AolF YEHE °lfE,
sye] 240 ZRE v Y- w AFo R &
42 Hyge] HWY7} o$ vlAHA7] i 1
A AZL 2Ry A AFH=R
BAY 4 7) Wt &, Hde] FAS7t ol
A B (Dol A/4Rox geow 2oy 34
AAE 2 AZ h-gP DAFE BAHA &
7] W&ol 100usec AT vh-$- 2 WX ©A
7} 7AZz a6 ol vl EEEHO AJAMAT T vl
AZ G FATHE Fo 2 I 5 W

- 108 -



(a) 30 4 Sec

(d) 200 £ sec

(f) 300 xsec

(e) 250 usec

(g) 500 ¢ sec (h) 2,500 ¢ sec
Fig. 2 Elastic wave propagation of aluminum
plate by impact load(boundary

conditions : C-C-C-C)
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Fig. 5 Transverse displacement curves of epoxy
composite laminates obtained from
experiment and theory for time t=90 zsec
after impact{(boundary conditions
C-C-C-C)
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