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Fig.1 Schematic diagram of detection principle

based on penetration method
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Fig.2 A-scan waveform comparison chart
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Fig.3 Schematic diagram of air-coupled ultrasonic
testing device
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Fig.4 Air-coupled ultrasonic sensor

B5 s
Fig.5 Physical image of test block

215mm

»
P

$20mm  410mm  ¢6mm

#20mm  410mm  $6mm

$20mm ¢10m;0‘/@m
S 3
,@K@m ¢10m;®;6m

LTI~
LTI =-e

237m

18 mm

6 EtFREUETREE
Fig.6 Schematic diagram of defect location of test piece




70 LIRAEE L P N

Jul. 25 2021 Vol. 32 No.07

IPERERI R 5 2RSS . D4R R AT, RS
T8 5 v R S RS P A Iy 5, DAk /D 1
], %R IE AR G HE S 0 2 S HUE & A% 0T
FIHATTE pX g A2 i ) AR S R AL, PRk A
FALPERI SR AR TS, AT SEBLLAABIR 1R 42T o
7 S IEAS A 1 B R o

(B WIE P ey

B BRI R
i R K

IEZ R 2R

i PR PR A A
E S E S A UER/S

MR AR

LIRS

87 ERRKIRITRE
Fig.7 Orthogonal experimental design process

AT AR YR, 54> AT BB SR 4 M 3R
SR B AR IR I B L AR F R R U £
A BEANBEW 3% SABEONESSRR A R, &SI
A SIENIE S ) G S S SR 4 € 1 Y R M/ O (= P
S S DAGIN SR A Am v, WFTE A AR B O i (2
BOCEAR 3R 1S 2R IS S EUK R

R1 BEEHRIOIYBESEKER

R2 BEEHHBOIYESHIERRLGR
Table 2 Orthogonal test table for the parameters of the
honeycomb structure test block

Table 1 Parameter level table of testing instrument for
honeycomb structure test block
k¥ L/mm uv A/dB Wi F/kHz
1 50 250 30 3 380
2 60 300 35 6 390
3 70 350 40 9 400
4 80 400 45 12 410
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i L/mm A% A/dB WA F/kHz B /%
1 50 250 30 3 380 61.5
2 50 300 35 6 390 62.6
3 50 350 40 9 400 38.4
4 50 400 45 12 410 5.1
5 60 250 35 9 410 64.9
6 60 300 30 12 400 65.0
7 60 350 45 3 390 515
8 60 400 40 6 380 513
9 70 250 40 12 390 52.8
10 70 300 45 9 380 28.1
11 70 350 30 6 410 63.7
12 70 400 35 3 400 61.1
13 80 250 45 6 400 51.0
14 80 300 40 3 410 51.0
15 80 350 35 12 380 65.1
16 80 400 30 9 390 68.1

TR

3 FEROR

S A5 (AR B S B A MR KOF T 19 B
(B FEOT M e, TUAE 45 DRI 22 7K T 75 £ 3 B 10 3
0 (CFC e PR A 45 A B AT s B I 2K )7 5=
1,2,3,4) . MR PR AS45 7 R (L B8 22 (MR 25 R, 36
3 WU T S R HLE SR IR 2 AT .

A2 3 A IR S T 28l th 45 P R P AR (3L 2 2
BUIH 2 5 B 2 1A BRI, 1 8 e s b bk b B (B 250
AR E L TR 0 SR S 400kHzZ, DI M i
Jili % F ] DL i 56 s B Y IE A, B OE 3 1 56 e i
SRR B 400kHzZ BN | K SR AR O

G 3 AN 8 T, 2444 B8 ] B 5 80mm S R)

R3 EEEMTIRERZRWER O
Table 3 Analysis of orthogonal test results of honeycomb
structure test blocks

L/mm A% A/dB WA F/kHz
k, 41.9 57.6 64.6 56.3 51.5
k, 58.2 51.7 63.4 57.2 58.8
ks 51.4 54.7 48.4 49.9 53.9
k, 58.8 46.4 33.9 47.0 46.2
R 16.9 11.2 30.7 102 12.6
ISEERVY A(30.7)> L(16.9)> F(12.6) > U(11.2)> W(10.2)
ik s % L:80mm; U: 150V ;4:30dB; W:3/~; F:390kHz




XKHE 5 : 2 RO B A I 814k 52 BERHUE

71

70 ; '
60 : :
§ 50 i \/\ \ A
w0 o
30 P M PR S
(4] —_ —_
8838 3WE BRBEH COOF 88sA
[=)=lala)

L/mm  un  AJAB  wy4  FilkHz

8 BREWIIRBEMSHENELE
Fig.8 Trend chart of B value of honeycomb structure test
block with parameters

HL o 150V 3 25 4 30dB A0 = A~ Uy
390kHz B, HAT S L R IR . 1819 Sk BRUAR 25 %) L
Bl I B9 (a) AR RS B 255, B 9 (b) e fE:
SHRINAESR . IWEITR AT LG S SBOS T G 25 5%
BB A SR AR 9 O ORI AR R B S8, B
H—E M TR 5 L,

(a) FERAE S IIZE
9 MEERMLE

Fig.9 Comparison of imaging results
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Air-coupled Ultrasonic Testing of Co-cured Composite Materials

Liu Taili, Huang Manguo, Liu Yi, Liu Wei, Li Xin, Liang Xiaobo

Beijing Changcheng Aeronautic Measurement and Control Technology Research Institute, Beijing 101111, China

Abstract: Advanced composite material co-curing technology provides a new opportunity for the widespread use of
composite materials, but it puts forward new requirements for its testing. This paper adopts non-contact air-coupled
ultrasonic testing technology to realize the detection of defects in co-cured composite materials. Furthermore, the
distance between sensors, excitation voltage, gain, number of wave packets, and excitation frequency were tested by
orthogonal analysis. Finally, the best detection parameters of the instrument are determined as follows: the distance
between the sensors is 80mm, the excitation voltage is 150V, the gain is 30dB, the number of wave packets is 3, and
the excitation frequency is 390kHz. It provides a basis for the standardization of air coupled ultrasonic testing
technology for Co-cured composites

Key Words: air-coupled ultrasound; Co-cured composite materials; orthogonal analysis; defect detection;
parameter optimization
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