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Abstract

In this paper, the nonlinear behavior of ultrasonic wave in partially degraded material is considered . For
this aim, FDM(finite difference method) model for the nonlinear wave equation was developed with the
restriction to the 1-D longitudinal wave motion and how the partial degradation in material contributes to the
detected nonlinear parameter was analy zed quantitatively. In order to verify the rightness of this simulation
method, the relation between the detected nonlinear parameter and the continuous distribution of degradation
obtained from simulation was compared with experiment results and the simulation and experiment results
showed similar tendency. It can be known from simulation result that the degree of degradation, the range of
degradation and the continuous distribution of degradation have strong correlation with the detected nonlinear
parameter. As it was possible in these simulations that only special part is assumed as degraded one, the
quantitative evaluation of partially degraded material may be obtained by using this method.

Ag 27 Ael9 pol @d dEEz, o PAL
LM E zni Aste] vlsha) Hrle] o}F fE5HH HEH
T ok
3 vy SFady)t A5 dste A A :LEﬂL} Az pE AZsr) s AP A
#adol gleke 2o olgxoz Hd Bel woMe A A0 2 R gs
A0 7N, S AL dFd ARY &y g, 2879 2ES AT P& THProbe
F2A A=A Mg dF #ale g A wave) Al & %ioﬂ uetd AE7 753 g3ty
stack e, S MAEAE AR s Fewe nosAd BE, 4% NAFYe I
Au Zee] ¥3E BrHg £ Atk A& pE ¥ Hoz Ad A s}aq_ o] o}, o
A8 o8kgalo] kA9 Hrle] YgHIHoZ AL Wol i AET o] WA uHel olsted 7}
S3 gle Atelth gty ABAMY B e He 9o HNBHE BAAIE HE vH(Pumping
wave)Z AHESRo B2 A uine Pt 4§
09, YR FEANLIEATE TEAY AHold 48w OHIdE ol @l kY

Emall.kcklm@nnm.go.Jp B AToME, 53 BRFoz d3ld AFdA
. TEL : +81-298-.52-1620 FAX : +81-298-59-2101 ZS99] vlAE Ao nEEHAT) or)A, BEH
A4, FFWsE AR o2 dstd AEY AR Y PFo| TR &

* kR

AL FEARAGATE FEAN 2dold a4y Ao 47 ARE gnlgTh REHos sy A



283} MHY HASHE olgw BB

29 Wrke 4¥HeRE ofaigel ) BEd &
A A4S ol g3t Wrhsa ssin
283 7HASE A £2 ARe Agl
N 2837t o gA AaeAE UEd & 3lE
82 Wl of 7%e vn Brh Ropol

A sl A7 3 SR uSHY AR
H7HE st ol g3 gy O
E AFANE $EHox dag ArdNe 2

<3¢ BAY A AFE Lolry] Y3 3
ZHEH(FDM : Finite Difference Method)& 2 -83}%]
o 53], REHoz d3td AsdMe 1 24
T3 AFA T 2HE EF3U) o) sty
Ay g8 V12E E wAY 3F g e
FEEHAL, oo i3t AR 2do] hLEHY
o NS ot 1 AY =24 e
on, o] o AR} d3tsActn e T,
d3teg xZoME d3lEHA Fe =ZoA Alg
g Y Az & gle] AMEEHAT. BEA
o2 d3td AseA Mote 299 B s}
AgtatR o, BE gyt HEd wAad °]X]'°“
AR A QG X=X} o A By ol
3le] A og BAET

g, AlEoldde AL HFEI sl
M, AEHol o2 RE g wAY Qe A4
Al dstote] @AV o) HPAe} wuE
AL #F dAsE AE 9T F ADF@

2. HIME mE g4y

WA, P gl= Be waAelAe
2939 $EWAAL Gew) 2ol o
o'u, oI, h
P o " o (

A7IA, pE BE, UE xBFoz o He, 1=
<4 "Aolth gEe] dEH BN 12493
L2 FAd9n s, EUAYLe ad)
&3 #Zel & 5 dth

d'U _or )

Pt "o . @

A71M, $8 TE 9o uHd Fee

F39 WAL o|gsY, WHBSL o] Lad]
et gol & 4 ok @O

T=ce(l+ fe+---) 3)

714 o=E)= A (stiffness)o] L pE H]AHY

Aztelt, ®g MPEL oS oz Jed F
;0=

EREEET! 215
a=§u— @)
ox

4 Q). @S FReHe ¥, =\Jc/p B
AL ol43E, 4 2 e QOI % % o

o°U 0%
or’ h ox? ®

714,

V:i=Vi(+2Pe+--) (6)

4 5E 4 ©F ATV THY I 49
5% 344 Hel,

3. FEHAILE(FDM) 2 E

didoz 1A HY % P g
it ARAN L g g o
U,-2U,+U,_ U -2U +U_
T2 =V'0 X sz X (7)
471X, T ¢ X = 74z A 33 FEeinh
Bt -5 AR WMo xrxE AfE W
Foe) ¢ 5o FFoz AAste d9g ¥
At HAY s ey fsMe 4
Mol Vo & 4 (6)9 V 2 v a, A 4)9] ¢
8 A FEE oA sk @k A ®)e 1 2
A HAE S BN i f3 AR 2l
Lehd T},

U, =-2U,+U,_
T
¥
U, -2U_+U vu.-Uu
VZ X+ x x— 1+2 X+ x—
0 X2 ( ﬂO X ]
AZIA, BAEAELe 1 2R mEHUT Y

(6)9A g9 A} 3 FAHJYT B, = FHPA
& ol &E4o] gl AMEE7] e MY HW%
UAE viebdth a2y, BldE A=t gre
3tg A BoA WHelmz, 4 8yr} d3l® B oﬂ
A ALEE A

® :normalnode
O : degraded node
Fig. 1 The 1-D nodal representation of medium with
partial degradation



216 A=
U, -2U,+U,_
-
8y
Uu_ -20_+U Uu.-U
2 x+ X x— x+ Xx—
Ve ————% [1+2ﬂd———2X j

Aq71M, By & 4stE AR HdE QAE
b TH
Fig. | & 583 438 713 A8 1 ;4 ==
£ Uehit BRE Y Q859 x=8 4 ()
gaA A Hu, d3td === 4 @yd o3
A At

4. HHRE ASdolMn Zuel 1

of Wl HErMFAHE FHEV AsMA, B
AR AFEH AlEHolAo] FYHJYS AMEE £
AL g&a 2o A FE Ar=14ps(700 x=E),
Z7+ 28 L =005um(200 =%), FTH &
6300m/s, ARE UE p=2680 kg/m® & LF0¥,
27 F¥L 1779 Fd Ay, BEd3e} 0
A Atolel BAE ¥#3]7] HEA, 3FF AF
Bl A Egoldol yFHT 1 #EE Fig. 2 oA
A sl

AR, Fig. 2@AF & xZoX A @)
ALg3H oEiM d3le FEE W3 ATl
vt B4, Fig. 20 Boll A AN
w9 £E F/hgel osiA d3te] MeE W
A7l s

-4—0——o - i

PP

Degraded point : 1 node
(a) The first simudation model : the nonlinear pararmeter in one node is changed

By °o—e Discontinuous distribution of B
B,

()

S 0 °
& o o 0

LY_’
Degraded poirt : N nodes
(b) The second simulation model : the node number calaulated by d is changed

Ba T
Nﬂm distribution of P (Gussian)

o
PPN O ©- —o-o—o

Degmded point : N nodes
(¢) The third simulation model : the distribution of Bd is assumed as gauss distribution in the degraded nodes

Fig. 2 The explanation of simulation method. (a) The
first simulation model : the nonlinear parameter
in one node is changed. (b) The second
simulation model : the node number calculated by
Bq is changed. (c) The third simulation model :
the distribution of f4 is assumed as gauss
distribution in the degraded nodes

oX,
ox

4 B

AR, Fig. 2(c)X 8 P EEE 72 2H(gaussian)
BEIE Ao oy dstd FEo
d&¥eow o3 HAdn sHAIGET. A
F7H ex7t ATIERAE LolRI] A,
Aol Ao, By = 02 Aol WA 27
#¥7 ARy PSS owgd Fr A3

Adxge #}el &
dog AF wMAAgLE o HA"H ASF
7 BlAdd AR gl oS HrbE Aot 0
A2
=— 9
Z Ak*x ©
o714, A3 AE A7 NEFgee 23 23
AEe] Fulola, ke B xE AR Aot &,

o2l

ge W57t 94Y B B2 N1 Fos
e AEH 28 nE} AR g
WA, AEE HYoEFH A% AS
e EE e S EEL LR
wRdq  A¥dgemz B wmEdAE

Agspr|2 Poh @

AA Al gl E, 4 @ydlA BAH
At gt W3 F, Avd AP wHPAY
o] AL Fig. 39 YERAAT. A€ fa o

< 4 (10)°l HehhAT

B, = B,(1+a), (@=0,0.1,02---3) (10

o714, AR B, 347x10"%01 T F ¥H A
e uAdgAgE vepdrh o] el A ==
alM datd =S 1%olth A7, 489 A
e uiAY AR e A7jel A HRHUT

Ls T

2T
g os
3 ot o
g - -
<05
at
s L " L
5 ' Ls 2

0 [

25
time{sec) c100
(a) the wave form sed in simulation (solid line | nitial wave form,
dotted line * the waveform of ultrasonic wave propagated in partially degraded matenal)

11 T —

BB
(b) The relationship between the degmdation level and the nommalized measurable noninear parameter

Fig. 3 The result of computer simulation; (a) the
waveform used in simulation (solid line : initial
wave form, dotted line : the waveform of
ultrasonic wave propagated in partially degraded
material) (b) the relationship between the degree
of degradation(B¢/Bo) and the measurable
nonlinear parameter(B.m/Bo)
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Fig. 4 The result of computer simulation; (a) the
waveform used in simulation (solid line : initial
wave form, dotted line : the waveform of
ultrasonic wave propagated in partially degraded
material) (b) the relationship between the
percentage of degraded node and the measurable
nonlinear parameter(B,./Bo)
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Fig. 5 The result of computer simulation; (a) the
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