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Study on the Nonlinear Ultrasonic Waves for Detecting Closed Cracks
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Cracks existing in mechanical structures are the principal defects that
should be detected by non-destructive iInspection because they induce sudden brittle fracture and
lead directly to a tragic accident.

In this study we directly observed the opening and closing behavior of cracks due to the

transmission of ultrasonic waves with the aim of improving the inspection accuracy of closed

cracks which are particularly difficult to detect by the non-linear ultrasonic technique. As a
result it was visually confirmed that the crack opens and reflects the wave when the tensile phase
of the longitudinal ultrasonic wave is incident and the crack closes and transmits the wave in
the compressed phase. Furthermore it was found that if an incident wave was focused on the closed
crack by using the phased array method higher harmonics can be clearly observed as compared with
the case of plane wave incident.



¥ X C—19,. F—19—1, 2—19 (58

1. #FZEBRAAE 4P D 5

A MR EE T BN R BRIE S L& > TABRA~DOREEN W2 B EY NI AR TR
THRMOBETELE LTSS AR TV D, RFEEIM BN~ AS U 7= B E 5 A3 K e s
PO L TRo T ORFHTa—%F v v FTHREICESNTED | KO TH2EHM
TRt A S X L CRERICEM T AEH (77 v 7)) ORMICEBNEZREL TD, L
L, 20X EHOEL< 1T B OESED TN (—ACE+ mm 22585 m) | THD
e T _REBHFE L EZE L CTLEY, ERHOBENREEICRLMERAE L TND, I HIT,
AN OB 2RI L TITH 2 &2 W, AR T2<HUIRE] 2528
0. BRHITEICHELL 5,

Pk Xolc, nRiEIcH 2 EHZHOB ML, K= a—2FHT 5 2 E TOREE SRR
L CIIREE ERAIRECH D720, FiiziZ DBERIEEE L] LI FESRE S, BUE
FRIEDHED BTN D VW = OIERIEAE SR NS U 728350 S 9 2k D H 55 1% oD i Rz
HDHVTEEE SO 1T OSRENAN SN ORETLIZEEZFHLETETHY, Zhbo
A - ARy o F LT TRARWER] ZRIELED ET580THD, LL. I
S OEFRE - IR, D 2 HOGFELUSAORA (Fl 2 1 EmEERREREOEXES) THHE
T D70, BAEFROHBNEECTH Y, AN EZLH S O &N - DR E A I =X LD
N0 BZx615,

2. WO HD

Eiko LB | BB EIIEC L 20 S HORIBREE R Eool2id, @l - Wk o
FEAH=RLEZHOLCTDMNERND D, 20O E, FEHERZ S NCER R T 7o
—FN& 573, FDID (Finite Difference Time Domain) W43 S B UEMAT R LR TH D P,
AWFGEIL, BT IECUE % & e BUEMNTIE Tl Ze < EBR 22 TR ISl 2 &\ CIERIE S I
DREBRZEBEBEL LD L TDL IAIIHER DD, ZE TOMIIIC LL, HEKRTH
DIEN S O%EIE, EOMAENFIEORICE A0 L, AN EMORHC AN O T
Do o T, TN DT 2 5BEAAHDOIF D BTG 5 AL 2 TR AE & 72 0 BEE o&
TG - IR RAET D] EWVIHIFHANRINTWVWS, £, HAWNE TH 28K OEEIZ OV
TH PN & & OBEEIRE KT LT FERIIRIE & 72 B 1= O 75U O @i - il R4 T 5 )
ESINTWD, LML D I BIFEABENRHN - IETH D, AL T, BEKOR
IR 2 BRI K DRI Lo THIZE L, D ESZTED L 5 BT LV FER
BEEAFEL TODEONEMMIC L BT, ZOHRELMET D L 5 ARG - RSt
(KOS HiERE) 2852522 HBHET D,

3. WEROHE

ARHFZE T A T B B 0 AT AL JE B e SRS
. WAF

. BEENERIET A BEEOFEICL - | V7O—7

THRAET DN AR ORABEIC L - HAD e W

WL B yemEEChY | e - -H- A -
THHLBEBIET LTV BT % =

“H” CEBERSERHESD &0 (EHE
MiB, ZOABRLFEIC, FHIEA ns

A—F—0T ) F Ny R EMHEDE SR/ D
> N S /
72 A R REEEIC L -, BT n/s THF _é{; ;E/;gg
R 2 ARIELT D E R OITEE) 2 /M0 < m
BTN TE D, FERIEEOHMEZX 118 1 R TR oA

T B, BEOFHEELE (R T & Bt of

HEDE) TS ILGRED BRI LTEEE R & 72 D720, 519 & [EMES O X B>
DR\, AR TILIZ D DXFEZ DT THET DM ENS H72D, SUEIE LIS T 7
=7 OZOH Lz, T, KLUISRT X ICHEEMN 560 nm o [1EER (L7 1L— k)]
B E LT OMICHAIAALTZE LD TH Y . 560 nm DR & B ONKZENFRINAITH



HED S ST IETF AR | MBI E R - 7250 IR TRL ROFHEN H D, Z DT
BRI HITHER CHEED O519RM & EMiFE 2 X L Tri{b 425 2 &R TE %,

4. WFFERE: DCB A
(1) #/hB B & HOBRP 18I DN T S =
BUS I EFIA L CAHRESAZEAN LTZEA 7 2 OFRERT % X
217, FWIRIZBWT, AuidE D 34 mm Oy (A-B ) (3%
ZANEL L TWAN, FRERD 7 mm OFERSy (B-C M) D—EBIE
ZANDT BB LTS, £/, JeiEEe 10 mm OS5y (C-D
M) TIHHEVOEARELLH L TWD, B-C IS M0 A

00
,5‘
A
13
Sy

HIEFRICRT X O IR REBOFEITZIR TH 203, ZHIFE !
MEFEARICTE LD TH S, ZOFS OB N &I, HEEIC 100 (rmm)
L HTFWIECORBHER LD, Db 0.2umlFTH S

LHEE I, B2 B AR E

X 3 (2. W OFHRE R A TR L S 7 i B ik
Y, JEWE £ = 2,25 Mz O JRHHIBA R E B R 17> HIEAT 7 A (4 2 & [F U~FEO G
HAAG S N7z 15 HOBEES, AWVERAERE S LTrfilbsihiTtng, Zo/EIE, 77 A
HFZARIET DHEW OFH €L = 5570 m/s 72 5 NS AFEOEBEE SHA SN DR 2.48 mn
DK 1/2 THHZ &LV, 5IEMEEMHENLZAIZR U HAMEE TRl SN TG Z Eb
5, K3, FbR (EOOTA V) LOBESHIRLTHY, ZnEFEEESH Lk
HNRK 4 ThHDH, ANFHEEE WS 2.25 MHz D 25 TH D 4.5 Mz ICE— 27 RNHDHZ Db,
JERERR & BIBRAME U HATAHEEN TWD Z E B3R T 5,

10000
wor 8000 |
- 150 r& # 6000 -
4"‘?3' 4000 |
ggt 100 |-
2000
1 1 1 0 .
0 200 400 600 1000 0 2 4 6 8 10 12 14
HE (EH) FERE Hz)
4 3 e E I O RIS & DR L OREEE S AT
(E‘ZE{E%) 4 ﬁgéj\%ﬁo)%/EZ;kéj\*ﬁ

— 7 X 5 I Z B IS CRBRICHEE B & ATk L7z
HLOTHY Bl FEORBEENLZAIZAF STy
%, 2B OEfE, AMFIORLEZMFIc L 2RESEE
MHLNDHEBY, BENTEME, HFENERETH 5,

B4 6 1, B 1R L2l R ofu Gl o S8~ A
St ST MER R I OBIEZE B & | SUalEIC Ko TR
{EL7=bDThH D, IREFMIIXS ERTCTHY ., 5lHEM
NREE, JEfEATFATEEIh TV, [JEfE (F)
- IR () - JEMEME ()1 O—HEOREAHU/NE N X
G~ A, @7 L— N THREHOEMHE (F) 28, £/
@7 L—ATHIEM (B NEREEICELTWD D E
WD, TO%, HEOEMRM (F) 12254258
L. SIEM () 1IN 28 U CEME () ERo TR LTWEZ LG, ®@7L—4KL0
bbb, £, ObO7 L—ADOXZMETEBET L L, T ORE SITHEYS T 5 51EM
(F8) O—EOBEENMEL 7o o TND Z D b, Bl LIz IT R OMERIZ /2> TV &
EZHND, LL, ZORREFEORIE E & HICE RN S O OEITI L - TR S

3134

6 AEEW AT e (B AR



IQARRNENONIOFAZN N (1)
DHHBND, :
(RENECY AR et —

Z T 10 I ORER AR5 T T
Zeal AL U 72 g 72 & ONTHE MUNEO =R
FE53 AR D JE AR T B
AR (a) 1B O & 2R~
DONFHHT, O IFAHEZ DO
DT, TNEIEBEEREHTIX
DT A U ERGRE LT
W5, K7 I X ZEA
SRTOMEHTRE R CTIE, AGTE
DEWETHD £ = 2.25MHz
D 2 {ED RSy (£ = 4.5 MHz) 53
S HTWA Z Enbnd,
72, [ (b) 1R d XA
FEZOITHERTIX. £ =
4.5 MHz ORI ASRTL D
mzon<Tsy, AFHKOHE
Wy (F = 2.25 MHz) A3
LM HTWD Z RN b
B, IHIT, INHITMMAT £
= 2.25 MHz @ 1/2 DSy (F =

1125 MHz) 3 <HITND 2 6 /B & BT 351 B GRS O 1E % 8
LoD, BLED X Iz,

BN N E OB N B L > TEEEOEERNARKESELLTWDLZ ERnbnd, L
L. K61ZRLIZL DI, SIHRMO BN 1 & 280 RO L CHREREREEIZ > T g &
B2 K7@D £=4.5 Mz ® 215 (B D9 Mz KA MRK 7O AT DIETTHD
M, ZINFRo TR, ZORLED T, SRITEEEOZIEE 5 O BT 72 £ % AL
BOMmEE M TITo TV RERH D EE X TV D,

5000 4000

4000

3000
3000

- Mzooo |
Lol 2000 # I
1000 |/
1000 A\ /
AVANY/
L Y
0 0 ) :
0 0 2 4 6 8 10 12
BES H2) B (Hz)
(a)  ASRT (b) A B

X7 UG D& SERITER S T DM oy A7 0D JE AT
(R TIT o 72 4 [ O FEBRFE FL)

(2) HASRHERGEA~DT ==X RT LA IEDOEAIZ SN T

PR 2B DRI E R AR ESEL L2 AL L, 72— A RT LA A
Ko THREHEA~ER R T ERBE 2 AT T L 2B 270, BBROEBRTF2ATLY
== A N7 VAT Z RO, Bx OFEBHRFICT 4 VA 25252 & TOEREOMEICE
RERR TR 2 NIT D Z N TE 5, WH, 207 1 LA B EBIRGIERE S B BRI
225, KRBT TIZEE B ORITZE 2 Tl L CEBEBIZ L, PN & KA~ ERICERE &
A U7, W 8 ICEBRIEE OIS 2 ~d, sBRA ORHEIX 2 LRICTH Y, BUSHIC X
S THEB L D e~ o CEREBALTH D, TRONEEZHTUIEVIC L > TIE L



J1—ARFLAIFESH

e REFUARMT C]
: SYNG S RBIEEBA
S O )

i
; n‘}l\A O
E___ B 0 Q
b 8| #roxa—7
£ mE: : =
| L0 O O
i T/R RF 0 10 20 30 40 50
. N ———————
SR T RRREGS y (mm)
B4 8 FEERILE O B9 =HOMO®E
500 |
500
400 —
) 400 o
i 300 sa 20
ﬂ no
200 200 —
100 -} 100 —
0T | »{ 'l'~' R R T R LT O T T T -,,4'-‘}\3 l' 1‘\1_[;;[ 'v\[ -_,1"
0 2 4 &8 10f2 14 16 18 20 22 24 o 2 & 6778 4677 Ak CIE q8 597 0%
F R (MHZ) ;
T R R (MH2)
(a) P AST (b)  HEHIL A

K10 7 =x=—R KT LA EZRWZERE AN

FEENK 9 ThDH, ROLEIX 41lmm TH DA, SO 17 mm 0T HEER CIZa< ML
TIRRETH D, X 101%, BIO X ZHE (K9 0L D 26 mm fT) ~HEEFHEAF L, £
DFEEP %= FFT T LR CTh 5, R (@) X FEEAR (74— 272 1L), OITEEREA
(= AHV)DOHLOTHDHN, WHEBICEERERTH D 2.25 Mz K& R2E—7 %
FEoTW5, F7/, WiF & LITEEOEFENET TWDER, (b) OEREEZAS LIEGEG0N
N, LV EROESFHEZARICER TETWALZ ERbnDd, 2B, 25070, RN
O EARIE S W T EE R OZAG W % FRT f#AT L2/ R, @il e< £ T o,

<5 F 3Tk >

(1) JISHE—ES ., FERRTEHE S 2 T FEMEA BRI REAT . & A 7 A/l /15 . 48 %5 5 5,
2004, 159-164

(2) FHESFIE, #RE5L, ALk, BEAREIC R T D EiR R AR S O L, EMERE, 63
%6 5. 2014, 310-315

(3) LIk, FEW—, b2 BB L2 2 X % 2 Ko E iR - o daEmiE s R = 1 —
Ta v, EMEERA, 64 % 12 5. 2015, 586-592

(4) LIk, FEWeh—, B2 BB L2 2 X % 2 o E R - o daEmiE s R = v —
Toa v, JEMERA. 64 % 12 5. 2015, 586-592

(5) tirp—%], NEBF, e E | BTERE, U 2 EHLA A WP RN 2RISR 55
WD 2 WITHENT, FEMEEMRAT, 61 4 3 5, 2012, 113-121

(6) PRIRIEN. SEME, A bR tEiEIC X D EIRT O & 2 L RIS h 2 ik 2 8Tk
ORI, FMMETHEGE, 275 1/2 5, 2016, 20-24

(7) BARFSE—. WAL, AT—BA. JEKRIR, BRI IS K OWE ASIC X 5 &8 o8&k o)
A, 8 - JEMEM AR X —Hiif L B2 — 4%, 2008, 5-9



2021

T. ltaya, R. Hashimoto, M, Suetsugu, S Yoshioka and K. Inuzuka

Development of teaching material package for advanced nondestructive inspection education combining robotics/loT utilization
and nondestructive inspection

15th International Symposium on Advances in Technology Education (ISATE) 2022

2022

2020

2019




2019

2019




