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delamination defects detection of
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Abstract; Aiming at the problem of accurate identification of delamination defects of composite
laminates, an optimization method of activation aperture of phased array ultrasonic testing was
proposed by simulation and experiment, and the effects of the activation aperture on the acoustic field
characteristics and detection results at different focusing depths were studied and analyzed. Firstly,
for the phase array ultrasonic contact testing method, the multipoint source 3D acoustic field model
under the solid-solid interface was deduced. Then, the phase array ultrasonic sound field was
simulated, and the characteristics of sound field under different activation apertures were analyzed.
Finally, the carbon fiber reinforced polymer (CFRP) laminate with delamination defects was prepared
using autoclave process, and a phased array ultrasonic testing system was built to test the CFRP
laminate test block. The experimental results show that the accurate identification of CFRP lamination
defects can be achieved by optimizing the activation aperture of phased array ultrasound, and the
defect detection accuracy can be improved effectively.

Key words: composite; phased array ultrasonic;activation aperture;delamination defect

FAFE PR P SO — Bl B A R T 35 i T R R R R T R AR A B IR AR A bR
JCF ATy [ FSR AR R R0 A P, T 7 SR B R A OB I R 52 B TR M 2
LORERIBES & B E T Pl A S DR R S E R4 P P 3 s A5 ST O Y B R DT R )



A8 oM

S RLZ TR I3 T2 B B AR 42 0 P A 0 2 B e A D ik 159

TN 8 HG 25 T8 3 A ASAN 32 B T RO | [ e () B A5 4R Sk
S e T HL 53R AR R RO LR R A
SRE L B G PR L R R X 7 A R R S
BRSO S S et A, —
(A O R e VA L AR R € S T < v
P BRI 75 3 Ry M AT 05 B A 4R S Sk e Y
BT VAR 2 B 00 Ak, DA G IE A6z I 235 2R 0% 43 BE g Fn
HERTE

9 I 0 P P g Ay 125 i R AR A3 20T
TR A R OT IR A A Ty 5
FEAE TR 250 T B 7S S A () . 9 05 45 3 F 5
FIFRITHET T XUZ A BT 25 10 0 R 425 1 75 37 15 Y L %o
B2 RAE AR B b Y R 5 B [ 5 7S 3 0 A 4 L O A
A e [ [T A T 8 A Sy R [ T SR T LA R
WER TR . B AR AT 3 3 il (0L 22 G v BT A AR
P Y BUZ A o R 4 B P b A TR ) A 9 A N A
RAGEHLHEAT 105 F 53 B » B X A A I 15 190 6 4T 40
Mo Su SE A R IT Uy s g 7 1 R B
oF 4 14 55 R IR K 52 A M Bl (carbon fiber reinforced
polymer, CFRP) f &AL, 2 A58 T HAEE &
WA RL R Y R 3 B AR M s Lin 4617 AT BR O 7 vk )
W 50 A I I ) R AT 0 A v O Xk 4 2R 4 AR O vk kAT
EIE i 1 AR 525 bRk B A I D T A AT AR .
A BRI @Ry A5 R UE , H A i e S A ) 8 AR
e AHH 42 Ry B HCRY R R R R 8 T Ay B (]
Wronkowicz 8555 #8 R7 JCH0AG T 45 SR K W 5 B AT
TWEFE S ERE A BT T I R I AR A 5 A R R LR R
P BAR AT AT LA Ty

AR A S JBSASE 78 o 4 P 5 E 0 L 1 e AR T
T3 7 T 20 m U5 = A 75 S A 3 5 ol [ ] L
T PR A B R T I AT 5 SR i R ASE TR o) R A B
JEREAE LRI E G0 B AR R ERE T
O FLAR T 7 37 R Ik 1 5 ) 5 B e AR A 7 LA R Gk R
& YOG FLAR X CERP R 47 6 I, 52 595 25 S R W), 1
FLARAL S5 0 3 LA BE 108 o o A 00 s 0 S ol o A
K BE 5 15 o

1 BEEBEFEHEY

R A A P D 4 fh A 00 I B 0 7P R 8 A B
PEA BRI B M o0 5 B B B 5 e 2 f) A
fih T % R — 2 AR W WS 5 50 . R A I
i v 07 SR T 45 o T A R MACFS 10 14 S I I [ R
S BLFE  fi  AR AL LRI A e i 1 R L | e
A bR I R B B A

Transducer
elements array Wedge

r (0,.C,0,C.)

(Xo¥a2) y
Coupling 6, d., 2
gel

D, xCl - 6

A J

Specimen
s2
(pz’cpz'csz) i X N P2 r, D

e d
- by, ” (x.y,2)

PEL 1 AR 4 P R P A i s
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array ultrasonic detection
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Fig. 2 Schematic diagram of acoustic radiation of rectangular array
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Fig. 3 Schematic diagram of zero-degree focus scanning method
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Table 1 Parameters of phased array probe

Frequency/ Elements x direction vy direction Array

MHz number size/mm size/mm gap/mm

5 64 0.9 7 0.1
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Table 2 Parameters of wedge and test block

Density/ P-wave velocity/ S-wave velocity/
Material

(geem ?) (mes 1) (me+s D)
Plexiglass 1.18 2730 1480
CFRP 1.54 3112 2088
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Table 3 Detection error of buried depth and dimension

Depth error/ Length error/ Width error/

Location

mm mm mm
Bottom —0.35 0.20 —0.15
Middle —0.17 0. 30 0. 25
Top 0. 10 —1.13 —0.35
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