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Ultrasonic detection method for large thick composite
honeycomb sandwich structures
GAO Xiaojin'?, LIANG Chengyu', WANG Bingyang', FU Liang', MEI Hui'

(1. Material Science and Engineering School, Northwestern Polytechnical University, Xi'an 710072, Shaanxi, China;
2. Material Testing Center, Research Institute of Aerospace Special Materials and Process Technology, Beijing 100074, China)

Abstract: The cabin doors, wings, tail fins and other structures of the new aircraft extensively adopt large-thick
composite honeycomb sandwich bonding structures. Based on the material composition and structural characteristics
of the structure, the applicability of conventional ultrasonic reflection and penetration methods for detecting the
bonding quality between honeycomb sandwich and panel is analyzed. It is found that both conventional ultrasonic
reflection and penetration methods are difficult to detect debonding defects in large thick composite honeycomb
sandwich structures. A detection method combining water jet coupled ultrasonic C-scan reflection method and contact
coupled high-resolution focused ultrasonic A-scan reflection method is proposed. The proposed detection method is
used to detect samples of large thick composite honeycomb sandwich bonding structures containing artificial defects.
The detect results show that the proposed testing method can detect all artificial debonding defects at the I and II
interfaces in the sample, with a detection sensitivity better than that of the @5 mm debonding, achieving ultrasonic
detection of the bonding quality between 60 mm honeycomb sandwich and composite panel.
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Fig.1 Schematic diagram of ultrasonic reflection method
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Fig.2 Waveform of detection signal with ultrasonic
reflection method
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Fig.3 Schematic diagram of ultrasonic penetration method
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Figd Waveform of the detection signal with
ultrasonic penetration method
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Fig.5 Schematic diagram of water spray coupled ultrasonic C-
scan reflection method
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Fig.6 Waveform of detection signal with water spray coupled
ultrasonic C-scan reflection method

B G B R AR A BRRRAER
Fs AR BEIE IR BRI g 1 W) B R s, R A vy

1 mm. #Z £7.5 MHz. Bk & #5150 N=1 & )
BEAT VRS . BER RSN T D/2=0.5 mm, 2k
MESR . K Eh SR A 2 2RO 1. B
ik 98 B w=NxCc/(2/)=0.21 mm. KJEEHE &Mk
W4 8 SR G A () S A A RHEARUSE Y 2~5 mm, iR
R E BN 0.3~0.5 mm, A EE w/ NTEE
FARHEARAN R R B, BEHT T F i A 1T 51 Bt
PR WE T 2 R, ELRRAE 5T BRI UK FE AL
B, PG 7 0 2 A K

JIt Kl Ak RRE 5 TE 5 1) P s S A 2 =X (1) A

=1 MRBY
Table 1 Parameter of the material

e EE/(kgm?) HEAEE/(msT) AHPU(kgm s
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Fig.7 Schematic diagram of the sample
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Fig.8 Ultrasonic C-scan image of the sample
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Table 2 Statistics of defect area in the ultrasonic C-scan

image
- s s SR8 THI AR /mm o
BGME  BERE e s
1-1 T [H B A 331.00 314.00 5.00
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2-1 MMAHEBRS  327.00 31400 4.00
22 1T F T R 84.00 78.50 6.00
2-3 11 55T fi i 21.00 19.63 7.00
3-1 L i A 324.00 314.00 3.00
3-2 TS [ A 83.00 78.50 5.00
3-3 L7 B R 21.00 19.63 6.00
4-1 A mBRE  320.00 314.00 2.00
42 11 51 i K 84.00 78.50 6.00
4.3 11 51 i K 21.00 19.63 8.00
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Table 3 Values scale and amplitudes of reflected signal of
defects in ultrasonic C-scan images
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Table 4 The ratio of amplitudes of reflect signal of defects in
C-scan ultrasonic images to that of normal areas
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Fig.9 Waveform of reflected signal with contact coupled high
resolution focused ultrasonic A-Scan reflection method
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Table 5 Statistics of artificial defect reflection waves

amplitude

PO E NGRS R T SR IR /% F S
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Fig.10 Signal propagation process of contact coupled high-
resolution focused ultrasonic A-scan reflection method
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