Nondestructive Testing Technology %ﬁﬁmﬁ*

HAMRIT-IERX & 3Tk
B 5 sbe b

XUFEFE, X#AF , H R AN, RN, &S
(FPIA A R FAEAE] , LT 101300 )

[HEE ]

R X #0946 2 8% 4F Y B oA L5 A o AR 69 B8 4F 3L B AL, 24 T- 6 R K A 4], i@ i AF AT

HERERSMALEM T-HBREFAWEZTRLSIE, ERAR ZHNRIEBIES Ay L BT —HiE A
TAAGMMEMT- B R EXELXREFRN T K, ZINAL BN L BIELREY . KA KEARSAR B AEMNE AR, @
RFRE G FEART G, THZOOERAL ML P T- B REGEZLN; HRIERA T-H R XKL 5wk
125 0 B IR A AE 7T A R BEAT B 14 09 1) 3 Ae A A th SR RGP 48 B2 B A @A F K 7T 0.13mm (BP A2 A
MAHEERE ), BRBIELRE R TR ALNLERE LR L0 RIF—F0H

KGR A B B A T- B R R 814475
DOI: 10.16080/j.issn1671-833x.2017.05.043

XSESE
BRIREM, TENEEEHER
RELTHRR R AROTFRSRA,

* BEMEB: FERARILELTH(61571409 F1
60727001 ),

82 AHRHE B B HL ] 1
S AR ) —Fp AR R LA,
N EVE R 787 KALE AR FH
WO IRR M E D 50% ; &%
INEVAE PR A380 KALE S AR
C I8 B A5 5 55 1) 25%, T A350
k5] 529", HETE &R
I FH K- 2L R A RIS Y
HEbRE, AR LR A ARMEE B
F—AEE

Wi 5 45 Fh B2 A MR R 1 5 AN
Wrafe L 325 AR AR A DG ARG 0 el
WAAEEEZ, | TS E S
BE I VE 2 BB AR AT AR LE RS g
J1, Kk, B R BT T E A MR
JCHGARS I A — A 5 L To P A
Mo 38 T B R AR
R L FNZE A AN ] 4 8 7 G
FoAR B, xF TR AgRE G4k,
H A7 S B 7 FH 2550 5 e 1 8 P ARG
T7 AT RSB R 75 Sk g aE k.

R Al LASE B A 247 G A 50
PRI, J5 5 LA sha ez >
LA BT
XA LA B AR, (A 7
J7 S S A R B A T 2R
A B b B AR L A e B
Foh A C- FAR I B AR B Oy
FI AT 5 R S R PF e i Y —
Aol b L A SR A I D712, O L
193 TARGF (Y TR BRI B,
AR 3D $9 40 A 8 7] LS 2R
SRS S BRI 1 F B4 4
B/ 71021 IS

TERZBAGOUT , B BRI
— B o T B S5 BB TC AR DU
Tk R A SO SR IR A
ISR S RREE R TEAEAF
TEVF 22 S A MR 52 Bz S5 s Ay J L Ao
BRI, T ERETAE R NI PERFE,
E AR A R TES S
T i iy 2 2R A 2 T A R A AR Y

2017 4555 5 0] - D& A 43



PR .
—— ¥ oru

JUAT I P DX, TRE S, 38 5 X
Pt X FRZ N R X, BilE—
FhEE AU I AN — 2 AL 2R AE H -
PRI, DA AA) ) 4 ff B N T R 254
4 o 4 o TR B AEAE R AT R
XHEAT TCARG I PR Lt 48 I i
ZBREA B AR AR A
St e S S UK A DO =RAY v = K YN o)
DL A AR R A5 B RIX BB A7 J2
HILAR, FEAE TR B 5T & AR R
A, A e A 2 g o R XA
PRI, R A R AR L e
B T- T8 R X, PR 21 R 2 1 36 A2
LEApUE ey N (B 2 VA 16 i ] A<
TeHE . BT T T- JE R
DR P R vk A (1) B 4
ik | R FH 1A SiE Af B A% 75 4, 3
1 W AR AT B i) AN ] R T AR, DA
TERL T- I R X A3 flohl S A0, £
5 R 5 i o RE 2% N 22 i A s
P RERN , 18 H T ELAR B A I Y T
JE R X HEAT4 TG SE I B 5 3], 4iE
AFE 5 T-HE R X 31 22 (8] K FH A
MR (HXE LU SR U A 1o 7
T R SRR S5 (2) RS IR
Pl 38w R AR AR A
TG RMBOKENG RE, EZ &M
BB AR L S AR , 38 N o
VFREAT R B K AR o A SCER X
AR T- B R XAEL (RIS
52 R RS R AR RO R I 1 o T
FE) B, A4 T —Fh LT 210
LRIF W E A RS T-E R
DR A A 5 12

T- £ R R& % B e =k
1 T-TERR &4 m

T-JE R KJEE GRS A
52 G MR AR S 1) i ) — b LY 1Y
gETE A, WAL T 54 B S A i
SEASFE AL, I E 1 R, Bl E
A MBS R 2 AR g A 5% ST
L I D AT 5 S B
FAEFF M A O, F B A5 R R
mr.

44 P REEAR - 2017 4E35 5 1]

E1 E&8MBEEEMPHT-FREX
LS T
Fig.1 lllustration of T-shape R-zone
structure in composite laminates

(1) HEA MRS HAR, R X
Bt R APRES A —;

(2) Jinoi 5 u5 37 Kl £F 4 4l )2 F
FETAGEHZESERT-ER
XIE R A X 5

(3) EEMBSEEWERECh )
A —;

(4) T f5f 5% 7 A 09 R BEChy )
AR AN

(5)T-JE R XAEEENEE
2K KA TLRANEE

T- B R X 5¢  BA2F 2 )2 )5
FEZTE 0.13mm 2547 (FL ) TR B 4T
A2 ).

2 T-FREXERBAESE = RMTZE K

T T 2SN EIMeE , 804
IS5 3 R E N, & A 6k
ghE R K H T- T2 R X AE & 3 fE vp
AT BB 23 7 A A 7= i 0 AL SR 1) i
BEq , b5 Rt ) S B A 000 g FH 28 4971
BR AT 452 S AT RS54 T- JE R XAl
REF= B LA LA -

(1) BRFEHEIAE T- T R KAA
PR 55 K2 DX, B B ] 23 7 R IXC (B
S5 815371 5

(2) SRFGEHIAE T- B R KAS
PSR e — e X LT, B ) 25
W R X RSy ] 5047 5

(3) BRFEHIAE T- T2 R X T b
X I 5 21X 5 B ) 25 AR 23
J7 5347

(4) BRBE R IRAE T- 2 R IXTF b
PONVAOE 3 W R T 7 =4
S HAZ 7 1) 43 A

(5) BRFATIAE T- JE R X
Fo X, BRBE IR 5 P S e AR R
(ER=T TS

T T-JE R X S o fif 2 57
foki 5 55 e S 2 I O R AN, S 3] 28
&3 PN 25 R VR T, B, X7 T
FEN FHIN A A ARSI EER XT T- JE
R X 47T 100% 7 55450, K B A
T- ¥ R X AT fefEAE B 1 T2 R
1Y R DXk BE , I 3 A 1 ik b i i
VI B IR RN B o3 A 5 i
8 DB HERT 7™ i 1 i s s i FD T2
et RIS A A T A R i 4y
B fLai U] s Ak (5 8 o

BEENAE

1 ANBRRIEEEX

AR 1 s 2 A b R S 1
T-JE R X 45 RE 5 AT R 2B 1
e o e JH 30 A7 RN ARG T R, 1k R
7 S, W 2 BT, 4 R i A
P, Py, Py 3SR & RN ) A5
F| T-JE R X, DMERHUEA T H
th T-JE R XA&AEBRAL A Bl be , Horp
TENLE P, APy, NS 75 3 04 J7 a3
1 AR B RR A A AR EA TR Y, Al
2 R, BARLERR

(1) BEFEALE PXS T T- JE R
DX o7 B S AS A 3G 5

(2) BEFEALE P, X2 T- JE R
DX o7 B S A A 5 ARG I 5

(3) BEFEALE Py XS4 T- JE R
DX o7 B S A A 5 ARG I 5

(4) W& P, B (W5 m 4 07
], % T- 8 R X742 2 s A

HeRE#

LD A ES A

B2 BERSENGFENIEE
Fig.2 Selection of ultrasonic incident
directions



Nondestructive Testing Technology %jﬁﬁmﬁ*

SiiBuBriEs ¥ N LA LA
A =, DA A RO A 25K 1
BAMET-E R X P e~ 4 1y
B
2 MEESR R HBE B NIERE

Befg i F B ELI FINE .

(DMAEHR. HTHEFES
RS R T- 2 R IX Y 2% 16 2 A 40
R IRC e EIR i TR e i
B A A 2 5 T AU ) A2 A
(P7BF A 19 52 5 4 BT 2% ROIX B
A1), 2R FH T34 22 Fisf e fi) 8 75 e i
PRI THE b A A I, X DA TS A
AR REGER S R X R Z [
PR A . PRI, Bl PR A fih
R 5 A e Ry, M FLA 20 E T
il 5 A7 S A

(2) 3 B R A2 A X
A T8RN A AR T- JE R X 1)
5 B2 A E I — B AE 0.13mm
fids BRI T- T R K& HH)2
ST RE AR B B BE RS S S
R ZR GE VT e, H 3 R I XORZA
] 53 B R BRI AE 1~2 DMl E
o

(3) BeRE s R F o AR 98 Bl AG T
BAAMBEER T- T2 R X 55 9
&R IR/ NG BRI RR 25 1 RST, 47
AT BE AR fl ity ) RSE RN AR R
w5 T- R XA RIEFE R AT
[

(4)5Bh3E . I T HIEHE
iR AR AR A AR A A A (AP
A5 ), R S g il &
FEA B S S IR 2 TR
B E 2,

B IR U AR RS R R
T R XHE ARG, 3 HEL 6 43 Hh Ao
BAAMRAE R FATLA R (R iR #1)
R ETITHTE AR R KA
R AT PR A RE R 1, T R
HA ) FI-1W 5 FJ-2W #2414 &
MORHES# R X SR RERS , AL B P, F
Py T-JE R X ZE A 364 568 7 AN
VERE FI-1 RYVE G MR BER ,

frE P, R o T- B R X6 1 %6
PEHEAT A AR (E 2), 4T
AT S N 20 2 A b B2 1
T-JE R X, R AL EM L%
ITHTEA MBI R XA &
SRR REERE 1 MO S A
% T- T8 R KEA T A A A
3 BERNNEERERE

A B R LT

-

(1) 43 R 2w A I X

5 pe AR B, B AR
PR ESR K T- TE R K& )2
ST RE AR B B R A A S
REAN VT L , L3R A & DX RN ) 43
PERELRYEHIAE 1~2 Ml EIEFE I,
B PR 3R T B e RE AR RIRS:

(2) GG 5 A MRk g5 i 1 8L
YA E A I, i) 2l 75 R A 7 Y
TR FH A 8 o 1 20 37 3 15
M A5 G 5

(3) BH MBS A Sk
W28 N 722 A MRS R0 2 e B
AiE G

X E A RS T-TE R X
il 2 R R AR ARSI L SR FH R P R
SRR, SR A AR R
MY " 40 FCC-D-1/FCC-B-1 &,
MUT-1 R 52 & ARk R A
XFFE R A s AR, BEREA A b
RHEE R F SR & Y,
CUS-6000 & 41) 4 7= far il 1 45,
WGt 1%

100
75
50
25

0
-25

B 1%
100
75

50

-50 -50
=75 =75
-100 -
0 094 1.882.823.76
Ff 1] / s

(a)T-JE R XHFIX

0 094 1.88 2.823.76
A1) / s
(b)IEFRS 1~2 #2052

FBE S S BRI T- B R X &1
ZIAER KB &, AN 23 A i g
KRR 20 e B Ok TR T ek

RN

BEiNERE5itie
3 JE—4 3k [ Rk EF 42 A
BHE L5 H T- T2 R X O R A
Py 2252 Bz v i LR P A - B
7 LA S R R R, Ho /13
(a) K H T-TE R X P IX fil sy
A= TR A SRR s B3
(b)) R H T-JE R X432 X f 55
HFE A— S A5 SRR, i
B R T 53 )2 RN b 6mm,
SR FH H R A %) 2 DU 6L 20
R 205, R XS h 124
TR RHEA I, 5 20T S Py
S E) T— B R X 200 52 Bz 3 3¢ 1
512 MEIZZ 0], SRR AER 2 1)
FRFRIEEEEZ) 0.13mm, B4 )2 0E T- &
R X5 H i | 82, R A
MUT-1 & A PR 2 5 R
I FI-1W ZR514eiE
M 3Ca )] LIRS 1S WA H
(1)3kA T- R X522 FHH
FHES b F bR k(s
ST, FFR F 8 I, 2R
BEMR 5 T- B R IX 52 7 2 1 7 24 1
HARIFG(2) KA T-TE R XS K -
SEURFIX S 1 BRI 9 75 0 S SR 5, an
FIH B T ARoR B kb (5 5, R
WiBF 1%
100

75
50

1

0 0.94 1.882.823.76
A ] / s
(c)iEFE 6~7 HHZMZ

B3 T-FRX X ke X2 B S R EEHE
Fig.3 Echo signal reflected from T-shape R-zone without defect and with defect

2017 455 5 9] - iAiEBEAR 45



-— . .
—— ¥ oru

B sl A P, T LA F S B
W 2 6] B B 3k 2] i tg =~ 1.03 s, Hp
S ARORT I AR JEEBE SRy By B RIXSRE
etk mta);(3) sk H T- £ R IX
SR IX R R P I R S, an
L Fibrom K b5 5 0% , R L ik
W2, 5SEAME R T A
Ko

R 3 (a) o8 e e 25
FHEE, B3 (b)) Hk A T- B R X
U 43 )2 AR R 85 SR O A A
SHRRESE (1) AS R IEAE T- T R
X 52 jz e 7= e 1 U 5 ——F
PR AL 5 3 (a) B9 F L
T—2, RABEELR FIFEAE T- TE R
X 5 J R AR T RAFA A 225
(2)3kH T- 1 R XS REEE 14
0 2 VR A7 B T 4 2 T P e B A
S0 3 (b) D Frbr s 5k b
E5 I, iR D PG(3) BT Dk
P AN, , (S JFoke L e & B T
R A TR 3 (a) i LERE, 1
if, JFCRE 3 (a) FPAY B bl 2
Ps(4) R D IR SR F g, A
Af s EATH SR T Bl T B

E 3 (c) X R XHEE 6~7 4
B2 Z R T R IX 5 172 3%
JERLHE) ¢ 6mm 432 HALE S A
7R [ A5 5 S FLRRAE, 1T LAY Wi
HWEL(1)kAT-ERKXFKE
I F3;(2) R A T-JE R 42
B D LA S D P k(DY) =k
(D) AU (D) J 8%, I F )%
55 D B I AT DAL B
JEXF IO B S [A] 20 BE £y =~ 0.47 s,
U, AT AR RIS W 4 )2 0 S o R

hy > 2~ 0.46h ~ 0.5h | 5552 5 i

B ENE (R X5 12 RN
BOM—EG3) T FEMDEZ
FIESR

L, 2T 3 A RS &
HAFAEAS AL, R B 9 3h . D I e H:
R AT IR 25 5 4T R X Bk
Bea e, BT RAS TaR A 4k 52 G4

46 FiAHEECAR - 2017 4E355 5 1]

RHEESE T T- T R X 52 2 iE %
1 AMEER(Z) 0.13mm) 432,
AT DUAE H 385 W Al X LR A T R 00
Kt U FJ5S B3 F S DI
Z IAI A s Ssl i , vl LS Bh e e 4 2
FRAER TR

4 2ok [ SEPREREF 4 2 A b
BHZ RS F b T- JE R X st Bz
A E Py A7 D0 R IX A A S 258
A- R FNE AR5 JOHARRE, R X5
B H 12 ARER 2 A AR TR A 4
EH R, R FCC=D-1 B4 M kR
AL, e E 4 S5 3 () AL
H WA 1 K[ T- B R XX}
W78 P, A R X A A i
N IS HA AL RRAE , RO B
TFPCLIEAD I D Pk
W (D), = WP (D), R4 LI D
P ISR A I TR, E S R S
A —E0 D B ARAL S F AR |
SpE A B D Il K U S,
B B JIE 2. Pauk, nT LI AE w1
I b A 22 7E R XAFTESY 2. AR A
4 v F S D Rz a2 R AT
DA Bt A 1 43 J2 6] I F B 1] 221
tep = 0.47 ws, JEIE, 7T LU ARUH] K73
J I SEPRIREE ho ~ 2D ~ 0.92h 4}
E AT Ak DA H 43 2 B A 2 IR 2
LA )2, BIRE 42 24900 T R X

WhE 1%
100

75

0o 1 2 3 4 5

6 7( x500ns )

E4 SERESMBEMHPT-ERRSEHN
B ELRE S R EAHE
Fig.4 Typical echo signal from T-shape
R-zone in a real composite structure with
delamination

5B 11~12 A4lZ S 2 a)

BEXF LRGN 5 S , Sk 28 7 A
WA SR X A R XA B AT T
HURERR 23T, B 5 X 4G A3 256
N7 T T 2R 1 4 A UL S5 45 31 Y 6 2
BMEER. B 5 R PETHE R
TSk TR A T I8], F TR s Y
P Sk X o, e R R B, D TR
7% PRy B0 355 Sk o 7 B 0 S A
AR R W A 7 R X AR
A7), E s R AT LS A
RELEBOL IR , 7 FLA 2 I SEBR IR
WAL TEE 11~12 )2 St =2 6],
5 1RL 4 v (i AR I 5 SR A JE IR
JEE P At 2% SR 8 A — 3

E5 BEGHSENFEIRIESR
Fig.5 Destructive testing result of the
found out delamination in T-shape R-zone

&g

(1) EEXFE S MRE R X
A28 5 5 ARSI 2R, i e A
[F) B A S 7 B RS 7 1o, SR 1]
(1 R DX P A R 48 S R BE A, AT
AR B SRR R R X
RPN 5

(2) RHADK RS Tr ik, nT Lk
PR R E A RS =, 5 Hol
PRGN 5 B RS SRR, ok A R X
JE R R AHE S 5ok A R X6k
B4 189 B A o e 1 A7 B AN ]
FRARFAE, 45 10 AT RLAEAT R DX ik 5 4



Nondestructive Testing Technology %jﬁﬁmﬂﬁ*

SR U0 S A S R P 2 R
(ACE

(3) RYH AR R Y], R
JFH B 7 ok e P Sz SR T LA &K
A 25 RS R R X AR TR]
TRBERY 3 e, R A & AT
KB FRASSE G BRI B 2 5
(25 0.13mm ) ;

(4) 2 P e 0 45 1 5 i )
B UESE RUAS T RAFA—2k, pradt
SEIE A PR R X Ry 2k B
S5 T RSN BRI, A
T TGN N FHASCR

& % x #

(1] E# . AR R R KL
A 0] B CHLI T S ST, 2008(3): 11-
15.

WANG Ping. The application of composites
in civil aircraft[J]. Civil Aircraft Design and
Research, 2008(3): 11-15.

[2]  XUAAF XIS, SR, 45 58
BHEERECTE A S LT BB 9] A2
il H A, 2008(15):43-46.

LIU Songping, LIU Feifei, GUO Enming,
et al. Digitized and automated nondestructive
testing for composite components[J]. Aeronautical
Manufacturing Technology, 2008(15): 43-46.

[3] CHANG J, ZHENG C, NI Q Q. The
ultrasonic wave propagation in composite material
and its characteristic evaluation[J]. Composite

Structures, 2006, 75(1):451-456.

[4] BURKE S K, COUSLAND S M,
SCALA C M. Nondestructive characterization of
advanced composite materials[]]. Metals Forum,
1994, 18:85-109.

[5] HEIDA J H, PLATENKAMP D J,
HEIDA ] H, et al. Evaluation of nondestructive
inspection method for composite aerospace
structures| C}//6th NDT in Progress 2011, International
Workshop of NDT Experts, Prague, 2011.

[6] BOSSI R H. NDE developments
for composite structures[J]. AIP Conference
Proceedings, 2006, 820(1):965-971.

(7] XUSEFE, XUAAF, SR . A0k
JZ T2 ik 45 1 b PR AR A (0], TG As G
i, 2014, 36(11): 2-5.

LIU Feifei, LIU Songping, GUO Enming.
Ultrasonic imaging evaluation of impact damages
in composite laminates[J]. Nondestructive Testing,
2014, 36(11): 2-5.

[8] DJORDJEVIC B B.Ultrasonic
nondestructive testing of large—scale composites
[J]. Materials Evaluation, 2014, 72(7):922-927.

[9] MINEO C, PIERCE S G, WRIGHT
B, et al. PAUT inspection of complex shape
composite materials through six DOFs robotic
manipulators[J]. Insight, 2015, 57(3):161-166.

[10]  ERETr, %A, Joinl 2,56 =BG
A RHIE KR P ARG T 25 (). ek, 2010,
32(8): 616-619.

WANG Bingfang, HAN Zandong, YUAN
Keyi, et al. Research on water—squirting ultrasonic
testing parameters for composite materials[J].
Nondestructive Testing, 2010, 32(8): 616-619.

[11] SYSTEMS T S. Inspection of complex

composite aerospace structures using automated
3D ultrasonic scanning[J]. CINDE Journal,
2012,33(1):12.

(21 X #F, X 9E JE, & OB,
N T RIS A BRI Rk
201210054308. 5[P]. 2012-03-02.

LIU Songping, LIU Feifei, MENG Qiujie,
et al. An ultrasonic transducer for R—zone in
composite structures: 201210054308.5[P]. 2012
03-02.

[13]  XUFAF-, FI4l8, X0 3ESE, 55 . —Fib
R 2 5 B R PR S5 1 P I R Ak B 7 4
A7 2012101955528 .X[P]. 2013-12-04.

LIU Songping, BAI Jinpeng, LIU Feife, et al.
An ultrasonic transducer and scanning method for
inner stringers in composite integrated structures:
2012101955528.X[P].2013-12-04.

[14]  XUFSF, XVFESE, (48, 45 . —
il B 1 45 X 52 G M OREE R R T A
201320021135.7[P]. 2013-01-15.

LIU Songping, LIU Feifei, BAI Jinpeng, et
al. A portable digital ultrasonic instrument for
composites: 201320021135.7[P]. 2013-01-15.

[15] XA F, 38 B, X036 9E, 45 . —
il Tl 2 10 8 RS Sl A A BRI 5 A
201110199057.5[P]. 2011-07-18.

LIU Songping, GUO Enmin, LIU Feifei, et
al. An industrial automated scanning ultrasonic
imaging inspection system: 201110199057.5[P].
2011-07-18.

WIAES : XA, Bt s 5, &
BT 8] 0 SRR B A T I 5
fili , E-mail: liusping2014@163.com

Ultrasonic Evaluation and Defect Discrimination of T-Shape R-Zone in

Composite Structures

LIU Feifei, LIU Songping, FU Tianhang, LI Legang, BAI Jinpeng
( AVIC Composite Corporation Ltd., Beijing 101300, China)

[ABSTRACT]

Currently, the nondestructive testing and evaluation (NDT & E) of R-zone in carbon fiber-reinforced

composite structures (CFRCS) has become a focus in the area. A high-resolution ultrasonic technique was employed for
the NDT & E of T-shape R-zone in CFRCS based on the reflected echo signals and their characterizations by studying the
interaction of incident short-pulse ultrasonic wave with T—shape R—zone. Series of ultrasonic testing and destructive testing
experiments were carried out. A water-film couple method was used between transducer and T—shape R—zone surface. The
incident direction and position of wave beam can be changed through the scanning of transducer and its aided mechanical

device for 100% NDT of T-shape R-zone. Series of experimental and practical results have shown that the ultrasonic tech-
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nique is very powerful in the NDT & E of T-shape R-zone in CFRCS. Defects and their exact positions in layup direction
can be effectively discriminated and quantitatively determined according to the time-resolved reflected echoes from T-shape
R-zone laminates and their time-domain characterization. The surface resolution and dead-zone of the ultrasonic method
can be reached to 0.13mm, i.c., the thickness of a single prepreg ply approximately. The series of destructive testing results

have excellently demonstrated the correction of ultrasonic results compared with the real defect induced during the manu-

facturing of the CFRCS with T-shape R-zones.

Keywords: Ultrasonic evaluation; Composite; T-shape R-zone; Defect discrimination
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Evaluation of Thick Diffusion Bonds by Using NLU Imaging Method

LIU Songping, LI Legang, LIU Feifei, SHI Junwei
(AVIC Composite Corporation Ltd., Beijing 101300, China)

[ABSTRACT] Diffusion bonding (DB), as a solid state welding, has been increasingly applied in aeronautical and space
industries. The defects induced in thick DB plate are much more difficult to be found out by conventional ultrasonic tech-
niques because of their characteristics of kiss-bonding, small-size and distribution and high ultrasonic attenuation. A new
ultrasonic imaging technique, which is based on non-linear ultrasonic (NLU) components of the received signals resulted
from diffusion bonding interface, is developed into nondestructive evaluation (NDE) of thick diffusion bonded plate. The
experimental results show the powerful ability to the NDE of thick plate diffusion bonds by using the NLU visual method.
The maximum thickness of diffusion bonding is up to 70mm.

Keywords: Ultrasonic evaluation; Diffusion bonding; Non-linear ultrasonic; Ultrasonic imaging
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