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A 3D ultrasonic imaging method for defects of composite curved components

Zhao Zhipeng,Dai Ning,Zhou Xin, Cheng Xiaosheng, Dai Hongging

(College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The current technology for defect detection of composite curved components has problems of unintuitive detection results and
low detection efficiency. To address these issues, a three-dimensional defect imaging method based on the phased array ultrasound is
proposed. Three-dimensional scanning technology is used to obtain the surface model of the curved surface, and the parallel section
method is used to design the detection trajectory. Then, the sequence of two-dimensional ultrasound data is collected by the phased array
ultrasonic wheel probe. The polynomial method is used to fit the detection trajectory curve function. The normal vector and space
coordinates of the two-dimensional ultrasound data are calculated according to the scan step length and the sequence relationship. The
ultrasound point cloud set is generated. Finally, the voxelization down-sampling method is used to realize the three-dimensional imaging
of the internal defects of the composite material. Experimental results show that the average error of defect imaging results between
ultrasonic detection and CT detection is 1. 14 mm, which proves that the proposed method can quickly reconstruct the location, shape
and size information of the defects, and accurately characterize of the internal defects of the composite material curved sample.
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Fig. 1 Overview of ultrasonic 3D imaging workflow
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Fig. 4 Storage manner of two-dimensional image data
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Fig. 6 Voxelized downsampling of ultrasound point cloud

3 SCIGFFER

3.1 KBFA

FESEI RS T A 7 PR BRI L & AL dE
AL R A3 B R A5 1 ( MagicScan-MS, B 18 A BX) |
FHFE PR A 48 A CFRP A,

B T TR S e 27 Ak 14 i A E M BR R B MR, 28
PUERE T A B, K/ 760 mmx270 mm X 15 mm,,
AT R R il B R ) DA RN T AR R M R
FEME R R A 0 B RN BE R 25 (1 40 J2 DA e e 2 4
BRI

7 P AR PR PR A3 AN S IR &, A% 52 B A PR Y
P S AR T R A AR B M e A B IR
HCAb 5 E AR RS, IR SR K VR A A AL 3G A
T, KT FRESRE S 7 AR /N RS B8 AR DR IE 5 il v

HBBERA . MagicSean

CFRP Hii THFEA4:

K7 SRra
Fig.7 Experiment platform

FERCR (UL 3 (a) ), 52305 7K R AG I AH AT fY A6 I 2%
R, EAAERE RS BECEINE 1R,

®1 BEERESHEE

Table 1 Parameter configuration for ultrasonic phased array

e HfH
SN SV 64
WE AL 16
[ TG F] #E/ mm 0.8
rfuC i/ MHz 5
SRAEHTH/ He 5 000

AR R = 4EBOG {05 EinScan Pro 2X,
PR B e e RS 0.1 mm,, W45 (4 i
T 2 BT B B B2 430k 758. 93 ,269. 41 mm, il /&
AR SRS I % A R R K
3.2 EA#MEEAYE CT R

R T SRR ARG I 25 SR O B R X SR CT G
DU SR AT AR, 25 SR AN R 8 Fram ., R T AR Uk L
WIS ARG I RSE 3R A R 5o 3 38 o ilE AT 4
W5 30 23 PF B2 50 30 IR AR, B A R I AR RE
3.5 h, BRI B R E R R U RS AR SRR X 3
TR 43 AR AT R DU 55 1 5% S 36, TR b 7 o A 45 SR rp R X
P T 7

&1 8(a) Ry CT H-Ar B WU  EMG, o] LA H BB 1Y)
TREAE & T ek, A mmim iy e iitass . FIH CT
GIHTERAEXT BBEHEAT F 3o B AR G5 R AN 8 (b) Fir
AN, B JE T M o6, AR GR R Bk B B S AR AE
&1 8(c) K (a) ARSEYI v B4, B T2 6 A RH 9 21 45
PSSR S B RO | 3 BB I R 2 3l A5
PRER 53, 38 1 CT 7 5 &[] — BB 8 AR AN 7 22 1 1
%, FEULSERE X CT Jp 9 UG kAT = e d 45 5%
1 8(d) i, BhBEEZE S EREN 4 ANOLE  RES L
LR T TR S B A, BEAAR 1T 43 R 04 037 R
PRAFAE



262 (O I O $43 %
L
» e
¥
ATy
(N
(a) BRFEYI T BB (b) BRBasEIGER (o) BRI IR BEE AN ESE : .
(a) Defect section image (b) segmentation result (c¢) Gray value discontinuous W av
. ‘%;_ &
(o) ARG (©) R

* =
&
& & s

RN
Y

(d) CT=4E B 45 R
(d) 3D imaging result of CT

Bl 8 X B2k CT Kaimlgh R

Fig. 8 Imaging results based on X-ray CT inspection

4 HRSMEITE

4.1 EBEERGERSW

RS AR PRGN A SR B N R 1 B, thaR(3)
AT AR PRk (A A I 9 B o8 39. 6 mm, 4G N [ 4[] B
BN 3 mm, AL A 1.5 mm, A RAEF] 430x8 i
YLy 50x 1146 BYHE S EURT I EEE . (A SO kAL
B0 I AR, B R AR R 1945 8] 2 HE R B 1. 1 mmx
0. 05 mmx0. 9 mm , WAZZE R UWE 9 TR, A SCEHE RS
SRRAEYI 29 5 min, PR HE S G S 2 R N
97 s, iL/INF CT K Esfa]

N 9 (a) AT LA HY MR = 4k A5 25 AR R w4 5]
SR R T AR T ETRRAE . &9 (b) RRIREE Y
AL UL, RECE N EBAETE 4 AL BB A BRIG . T B IR
P G B, ok R A RS B R R AR S, A5 R W
El9(c) it n, BRBAEE D fi A 4 D IXIE, (85
B 9(b) shr——XFi, Herpr | 190 0 B 1 B AL 43 A
R, v ) T Ak e B T R /IS R A TE BE 1R
N,

TERCIERE 1, o0 T I UEER 7S = 2 B 25 ARG, A<
SCA AR R G A B B T A U S CT B R
G iR, BG, FIH MarchingCubes 20K 75 = 4k i 1%
SERLE CT =4 s AR 25 B 5% Ak 0 S AR ok, DL CT
i AR AR Ay R v 3 i T S I P AR AR TR S )
AR SCPUEAE S CT =4 TSR RS BN K
J& K CT K00 AR 7 B8 G LA AR [ ) A R, A L DR

(a) Overall 3D imaging of the sample (c) Internal 3D imaging

(b) B AR RAR ML

(b) Side view of overall 3D imaging

B9 =GR e R

Fig.9 3D imaging results based on ultrasonic inspection

[ B 0 (0 R A7 AT AR e, Rl e Y AT R Al 2 2R
10 Jis

B as 1 S\, 2 >
\ :\: W cr MGk e B 3
! ; \ W
Ay \ &i\ N \
W ® ‘ N
SN O
3 R N 3 " 4 & &S
S TR
Sl . o & &
N A4 RV N
- ‘0‘ '

E 10 #EEEES CT Huka 4 oE

Fig. 10 Views of fusion of ultrasonic data and CT data
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Fig. 11

Views of fused damage detected in the X-ray CT scans and the ultrasonic scans for defect No. 1
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Fig. 12 Views of fused damage detected in the X-ray CT scans and the ultrasonic scans for defect No. 2
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ultrasonic detection and X-ray CT detection
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