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Ultrasonic testing method for debonding defects in multilayer structures
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Abstract The type, location and size of the debonding defects in a multi-layer charge structure of a solid
rocket motor determines its threat degree to overall safety performance. In this paper, the ultrasonic detection
method of debonding defects in multilayer structure is studied. According to the analysis and statistics of
ultrasonic pulse echoes of different debonding defects, the judge of type, position and area of defects is realized.
Firstly, the ultrasonic pulse echo signals of the bonding structure containing multiple types of debonding defects
are acquired, the sound paths represented by the main energy wave packet in the signal are analyzed, and the
peak moments and amplitudes of the five sound paths are extracted as the eigenvalues to construct the known
debonding defects’ training samples and input the samples into the BP neural network to realize the nonlinear
mapping from the eigenvalue domain to the category domain, equivalent to the classification of debonding
defects. Secondly, the threshold method is used to determine the interface position of the defect. Finally, the
segmented linear interpolation-correlation is proposed to reduce the quantitative result of defects to be detected
to within +2 mm. In this paper, the feasibility and reliability of the judge method of type, position and area
for debonding defects in multilayer bonded structures are verified by COMSOL finite element simulation and
experimental operations.
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polation

2018-04-28 Wt fi; 2018-10-23 E
FEZ i/ FAN (1994- ), L, \WARFERZ N, WILAF A, BFFE07 A R o il
T@EWSEE E-mail: xin_toyu@163.com



$38% W1l b ey

il

0 35l

JI5t il SR 5 7 [ 4k i R B AL 24 4 A v i r
B RN S P Hofa TR B I OB S 4, X
% [ 38 245 Rl 42 G R v R ok B3 ) JC R N S PR IR
REMHL A kG TAEM E R 2 & 12, jEE K
BB Y5 G MR A R S
VRN 4 K 57 R BAL 7 A4 B [ B F2 i 3, 2 2)
SRR B2 R (M TG B AR AR 5 S R B,
AU 52 AR PRI AR R P R R 7 7 )N T A R 2 )
ARG B Tk CT AR FI SO 4 B I A, 5
AAK TEFE R MAR A IE 2 K B AR R B 46 D
BT B A ki i S A T 4 R e AR s 2 5
I, 42 )8 7 AR B MO S A R U e R AR R = A
DL AL o Rl DA 46 8 70 44k 256 24) 45 4 110 75 Al
R B TR 5 R U i R SRR R S U AR W v 1
2T CHRE P A PR ER IS5 R E A, TR
TR, ANIE A BB AN U AL i, DRI 328 43 5 R R
1) K Ty 22 4 fich 24 7R 75 0 U i B Dk o S S T 2
GG ) JBU R S B A T ARSI

R P Tk et S SRV AR S P U AE A Y B4 R IS
[ 0T R 386 A e e B 7 B AN BB RO ST, AR R b
) GREE IR G B, 245 01k K fe S ILER b 2
PERIARTEAL,, For il R EE A 5 5 RO R B B Ik TR
15 TAEE IR 20T o R[] 445 K Hi R B he 24 45
P B B0 Y L S 7R R ERE £ 2R R SR B 2R A T AR I 43
S AL P LI E TR AR 45 16 7] A SCHR H i
R R B e 75 e M e o A e mEA I v, it
Comsol 17 FL AN S8 501 %5 J7 V2 O HERA P A0 AT AT 1

1 FRENEEZEN PR ENLE

K1 97 e AE NS 2 JZ A P AL HE I, —
WHEAR S B P P B 25 15 A
HESEX I (BEAR A) KIZ R o M P 5 AE 57 ot
G )7 S RS, PRI BT AR BT Z; tRoE T
FEURAE R T S L BB R T MU iy

27;

T‘i‘:77 .7.:112)374753 1
Zi—2Z; .
ij = ; y :172737475' 2

AR A 8 X3 10 7 BE T A T A A
U7 I NS B0 Jo 5 AN e DX g i L U

20 [ 5 K r RGP A g 135
S
ARV
rl mA] Bl BR] B

Zy
‘KFH o
Tio @'\Z5 T
0
T T3
v Fur Z3
Zy

1 FRAEAESZ Z A T i A FE 1R
Fig. 1 Propagation of ultrasonic waves in discon-

tinuous multilayer media
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tion modeling
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