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Fig.7 Schematic diagram of chirp-pulsed radar

thermography

1 8 4 HH 1) S A ST R i 6 e FH 380 ) 21 A1k o 76 26 4
GRS R G o FEAS SCIF JR AR 36 5k it o, SR FH Aok
BN WA N 0.05Hz, 24 11515 0.10Hz, 415 1]
oh 208, BRNK P TERE Ry 3s, WOL T ZR 8 B A 3600W/m’,

3 IEERSITie
LTHNMMRAAT LR AR B kb T iR SRR F b b i
PRI & IG5 . B9 25 H s R JE T 10s 15
IENRHHESO it C1 5 1E L& C2 BRI o [0 75
SRk E RS . HE9 R LU, h O RRR
FH BN 450 BRI , T 1 R T IR SIS 12 %
SR phk s 7 B A RGRA . wp VR 1 R AT
Loy Z AN G , S ECRBHIG K , i 1M S B 7 B 4R
S R A5 i T AR OB AR R A S AURKEERAE

A\ ) |
K8 LAk I RAP ARSI R ¢
Fig.8 Infrared chirp-pulsed radar thermography

detection system
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Table 1 The equivalent diameter detection results of flat
bottom holes based on half width method
T M RS /mm 3 22/mm AN 22/ %
#1 7.60 ~0.40 5.00
# 7.40 -0.60 7.50
# 7.60 -0.40 5.00
#4 7.00 ~1.00 12.50
#s 5.20 -0.80 13.33
#6 6.00 0 0
#7 6.00 0 0
#3 5.00 ~1.00 16.67
#9 3.80 -0.20 5.00
#10 4.40 0.40 10.00
#11 4.00 0 0
#12 3.60 -0.04 10.00
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The Impact Damage Detection of C/GFRP Laminate Using Infrared
Chirp-Pulsed Radar Thermography

Wang Fei', Shi Qianzhu', Gao Mingyu', Liu Junyan', Xu Lixia?, Liu Lixia?, Wang Yang',
Chen Mingjun', Yue Honghao'

1. Harbin Institute of Technology, Harbin 150001, China

2. Beijjing Satellite Manufacturing Co., Ltd., Beijing 100094, China

Abstract: In this paper, an impact testing machine is employed to conduct impact tests on carbon fiber/glass fiber

hybrid reinforced composite (C/GFRP) samples under different impact energies, and then test samples containing

simulated low-speed impact damage are prepared. An infrared chirp-pulsed radar thermography system is built and

used to detect the damaged specimens under different impact capacities. A variety of feature extraction algorithms

(Dual orthogonal demodulation (DOD), Cross correlation matched filtering algorithm (CC), and principal component

analysis (PCA)) are proposed to efficiently extract the thermal image sequence characteristics, and the impact

damage and debonding area of the C/GFRP specimens can be effectively identified. The chirp-pulsed radar

thermography is carried out for the simulated debonding defect of the C/GFRP flat bottom holes (FBHs), and the

detection capability of the chirp-pulsed radar thermography is investigated and clarified. The experimental results

demonstrate that infrared chirp-pulsed radar thermography can effectively detect the impact damage and debonding
defects of C/GFRP.

Key Words: C/GFRP; impact damage; infrared thermography; chirp-pulsed radar thermal-wave; nondestructive testing
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