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Fig.1 Effect of echo signal frequency and time-domain width on ultrasonic detection surface

dead zone and resolution

20214655648 552110] - Bt hlEBAR 25



L 7 78
i“l‘mix?‘ COVER STORY

(2)

Horp o Mikeh g l(1).02)
FE 1R AE N=1 (IR, % 185
2 FARBEIT 2T AR PN BRI [ 9%
F 4 5ok A BURE R I AR U S
57 2 BRI S I AT B
BF, B B AT, 2 A 1,3
HAT DL HER

Ah=0.25IN

Ah:luxtan
2

(3)

Horp, A NP RAEE SRR RIS

N R [l A5 5 I A, T2 .
FEARE RGO T B N=1, |
B IX R A 14 S il
an, LA 2R B2 0.125 mm fikZF
AT R A M RHZ RS R A SR
YA I 3106my/s A 3], G0 R ik F
433 R T TP R TR B IR B
BV AR~0.125mm, W] iy =0( 3) W] %1, fy
IR MRS P K290 0.25mm, X
WKL N 6.2MHz, {HURHE 4
b B  SEUR, 2 E RE
AN, PR, 78 A 25 4 — e 1
WD N R R A AR

R A3 HER FEACE X A HZ5HR%
R, WEAE A T — R N=1 1
R PER I RN v SE A A
RRZE AR 16 B I 155 43 PR 75 A AL
R 5 P4, . M RN R SR
B 2 il 1 B AR R I B / L E A
PRGBS R XIS XIHEFEA
BABIF B CUS—21T #8875 $1 48 A% 46
MRS, ¥ I IFoE T A6k

B PR E RN RS, B E
B HROT R S A BT
IR ET ELATL S v =R v i
FJ-1 #eRE A% 5544 1, anf&l 2 s (L
X 1.2.3 .4 PREREE 1), Hdr,
Wk FI-1 e Re a8 A = Bon = A4
Ak o AR & BRI A . 8
i F3hEk A ST B8 FI-1 i
AE A, S XHE B XA [R5 B A
SO SRR LSO P AR, P BE
5 R 2 T 22 () AT DA R K AT
A, AT R FmE K o B mi A A
AT LASEIA B RIS A IE BRAG T3
A SR, A T 5
b PR BT AT LA LA A P
SCIRVY VA N R ST =Rey vy S et )
BRI P Tl Al S PEl
2 iR
B AR R 2
] J2 A5, R S A B
B IX U A B 2R, RAF T
TN, AR O T £ R A Y A
S E A M REE IR ST A R A
) 9916-11/CCF300 i 3= K}, J5 i %

4.5mm, iR/ 350mm x 320mm ;

WA R TC350-1/
IM7 , #6105 AR 45 A6 A — B 2 117
2B EEEAY, o R 2] 4.5mm
(36 N4 )2), 15 3L I I 5 B 24
0.13mm. B S rEIR A AL B i
I B BT AB BRIX, H— ) B
12 ¢, 29 280mm, 55— A EAE ¢, 2
100mm, 4nf&l 3 fizs, SR , H IR s 1

G

|

(ERcZ LEILITTE o I e | T2 ST

<2=(>| L

ERECTIRG] it
A3
T~ — AN EAR R
RN FEREE X

2 HU BEENRGERMA
Fig.2 Scheme of HU set-up

26 WisshEEEA - 202145 o4 55 2110]

X B R/NRDR AR i B4 b e, ESEAE
P DA Al 1 T T30 R AT R, A4
J 38 3 B AR SR PR L B
Ja A — R B 4% 5
AT, ZEAN R AR R R T —
NEFZRAE F GERE— N EE A
By RN R A F, A A P
A p6mm 1572 B

HEERE5iTiE

1 HUESHERES S

&l 4 & —41k B 5 A M RHE
IAE 4 AN TR]ER A I A7 i R 7Y
i 78R 7 [ {5 5, R HNUL HU
PR, X R AR Y ok SMHz, &
4 vp V8 VS R TE HU B30 R R Uk
AR B B X T S T KR AT 1)
B BEAS S v 2V B R
Vi vy, vy JEAE HU B 20 305k B
B ELRN R H O X T 3T 3 T A
JES THT A S S AR 55 v vy vy S
HU #5250 43 51k B R 06 Bl % 1%
T DX R T 3T 3 T RS I (%) s e [l
WA s vy o vy BAE NU UK IR
K AR B B X R T R T RS Tl
MR AR 5, vyt 2 vy IR
SmEE S

Kl 4 (a)~ (c) & HU BT
HELER H K 4 (a) 2k @B
TE P RS X R 75 [ £
Sul (vivE v )B4 (b)) kA
16 R P & BN R rp s XA LAY
A ST w (v, v, vy ) K4

EHNX

B3 SE&aMEHEnEERHNEETEE

Fig.3 Illustration of repair specimen



B

COVER STORY

v

Fsf 1] /s

(a) JEME#IX, HUR

1 1 1 | -3

0 1 2 3 4 5
Fsf 18] /s

] /us
(b) #hr X, HUREK

N
~
o
el
S
—

(¢) BHEHSFTIX, HURL
B 4 RESS&HMEMEIEIRER HU 1 NU BE EIRE SHHELLE

Fig.4 Comparison of echo signals from repair specimen using HU and NU modes
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Cross-Sectional Imaging and Defect Evaluation of Composite Repairs Using
High-Resolution Ultrasonic Technique

LIU Feifei"?, ZHOU Zhenggan', LIU Songping™’, YANG Yusen™*, ZHANG Lianwang’
(1. Beihang University, Beijing 100191, China;
2. AVIC Manufacturing Technology Institute, Beijing 100024, China;
3. AVIC Composite Corporation Ltd, Beijing 101300, China)

[ABSTRACT]

The recovery of composite structure using performance is closely related to the repair quality. Repair

quality is associated with defects in repair area. Complex repair behavior and conditions increase the difficulty and uncertainty
in non-destructive testing and evaluation (NDT & E) of composite repair. A high-resolution ultrasonic (HU) technique was
proposed to characterize carbon-fiber composite repair behaviors and detect defects induced in repair zones. A HU detection
system was constructed. The composite repair specimen was manufactured. The time-domain behaviors of the HU signals
in repaired area were studied. A series HU experiments were carried out to the repaired specimen using HU cross-sectional
imaging technique. The experimental results show that the quality and time-domain resolution of HU echo signals are
obviously better than conventional ultrasonic method; the estimated thickness based on the HU signals is close to 0 deviation
from its design value for a 4.5mm thick carbon-fiber composite repaired specimen; the detail repair behaviors, such as
repaired area, repaired area morphology, repaired bonding interfaces topography, defects and local resin zones in repaired area,
internal microstructures, are very clear and intuitively revealed using the HU cross-sectional imaging and image grayscale
distributions; the #6mm defects located at near the specimen surface and bottom layers and middle depth are detected clearly
and intuitively; the imaging resolution is up to the thickness of a single ply (~0.125mm). Thus, it provides a very effective and
powerful detection and evaluation for composite repairs, and good practical application has been obtained.

Keywords: Nondestructive testing and evaluation; Composites; High-resolution ultrasonic technique (HU); Defects;

Composite repair; Ultrasonic imaging
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