‘—‘? » »
RESEARCH Eltﬁbtei

31 X H K ALK, A, K F T, A EHNIRFCFRP A 6 APTFE % 2 5 & B gk F4[J]. A& #]i5 H K, 2024, 67(3): 83-88.
FU Dongxin, LIN Li, ZHANG Shuning, et al. Identification of PTFE inclusion and rich resin defects in CFRP composites
by ultrasonic testing[J]. Aeronautical Manufacturing Technology, 2024, 67(3): 83-88.

BENiE5] CFRP E5%## PTFE X5 E R A5ELE

T&ER,H F,KBT,FERE
(K372 T K5 R E I, Kk 116024)

[HEE ] 4T 4 435 3% 5 444+ (Carbon fiber reinforced polymer, CFRP) %k [ X 4F 4] 45 A X LR B & Z Bt 14
MR R G B, R A AL X Ie AR A0 7k, TFRBE WA U (PTFE) 22 5 S Mgk ia 2 Fnl At 5. 44
3 5% )8 CFRP B4 MM E & F 100 5 & BAMA F R4 EA FRTAER, s 5 X 3617 2] 69 A 2R 3845
5, iR T AR 69 A 2ok . £ CFRP E& R M 3RX & 5% B 6 mm, /£ 0.03~0.40 mm % PTFE %k %42/ & 0.03~0.85
mm 45 BAS B G, BT R A B A JaR1E 5, AT TR AT B 18 B B AL AT AR B AT T W@ AE R K AR Ae ok B R
FHy%m. LRR T, MAETGRER I, PTFE & 7 & '8 WIS 5 1415 5 69 W@ A R RAB A= B R 39 2306 £
J6 T e A TA T A H, 125 IS 8e 1415 5w s KAAMK T PTFE k%4, Lo B W -FRZ B TG T PTFE
* 2,
KR AR LF Y3578 oA AL (CFRP) 5 BAEAES; 827492 5] ; PTFE & %5 & #hg

Identification of PTFE Inclusion and Rich Resin Defects in CFRP Composites by

Ultrasonic Testing

FU Dongxin, LIN Li, ZHANG Shuning, LUO Zhongbing
(NDT & E Laboratory, Dalian University of Technology, Dalian 116024, China)

[ABSTRACT] The fabrication and identification of different inclusions are difficult in carbon fiber reinforced
polymer (CFRP) laminates. In this paper, ultrasonic testing of inclusions, including artificial delaminations with
Polytetrafluoroethylene (PTFE) and rich resin regions are studied by numerical simulation and experiment. Firstly, an
ultrasonic reflection finite element model of multidirectional laminate considering elastic anisotropy of CFRP layers is
established, and the time-domain signals of A-scan obtained by simulation and experiment are compared to prove the
validity of the model. Then, PTFE inclusion with a width of 6 mm and thicknesses of 0.03—0.40 mm and rich resin
defects with thickness of 0.03—0.85 mm are preset inside the CFRP laminate. The ultrasonic A-scan time-domain
waveform of the defects is obtained by simulation, and the influences of the two kinds of defects thickness changes
on the maximum amplitude and the kurtosis factor of ultrasonic signals are analyzed and compared. The results show
that with increasing defect thickness, the maximum amplitude and kurtosis factor of defect signals both show a trend
of first increasing, then decreasing and finally stabilizing. However, the maximum amplitude of rich resin defects
is lower than that of PTFE inclusion, and the variation trend of rich resin defects kurtosis factor with thickness lags
behind that of PTFE inclusion.
Keywords: Carbon fiber reinforced polymer (CFRP); Numerical simulation; Defect identification; PTFE inclusion;

Rich resin
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Fig.2 Microstructure of CFRP laminates
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Fig.3 Schematic diagram of finite element model for ultrasonic
testing of CFRP laminates
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Fig.4 Simulation results of ultrasonic testing of CFRP laminates
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Fig.5 Comparison of time-domain signals between simulation and
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Table 1 Acoustic parameters of materials

i vl FIER

. HEp/ | i/
FERHE B (kg -m?-s") | HEM

(kg/m®) (m/s)

CFRP EAHE | 1541.60 | 2922.19 | 4500.00 x 10° —
PTFE 2140.00 | 1205.00 | 2578.70x10° | —0.27
RERNS (EP) | 1210.00 | 2679.89 | 3242.67x10° | —0.16
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Fig.6 Comparison of ultrasonic simulation time-domain signals of PTFE inclusions and rich resin defects with different thicknesses

I R B AR B o JEE BE 43 S /N T 0.38 mm A1 0.85 mm,
SELE 6 P LA BR, e 7% 5 5 W I e o s 3l £ 5 4 Ak I
225, BRI (1) EEARR. HIFEE
i, B R S A L I e i e o Pl P A
JRER T, W (A S W T P A A BB 25 5 | B R R S
BE T HYBRES , HiHE2E 1 W45, PTFE 5 504K B 75 e S ot
FE0E W PTFE Je =5k I S RE 1 k. (2) IEAS
] o A T J %) TP P B 00t T A A 22 55 1 ] — T e
AT JEE B8 B AR I S DX ) o ok 32 2 fl T R
KA TIRE . SPEIHRE M TR A I g - H R
TS, A 22 A ANTRB A AR o SERE D AN e ke
B L T [ DL X 4y ARFERE 1 AR,
PREIRENS SE A X A Bk T F R m AT, PTRE Je 245k
FE AR BB EE 43 54/ 0.38 mm A1 0.85 mm,
22 SHEIHE

ST R I B , SRR P AR Hh e D e
R RAE A P EE R T K VR ERIESE LR T
SRR B I B A AR R, BV S R i g R
B, FLAE AR YR B85 5 b S R o e 1 T s
REAE AR I b I WL BB [ 155 5 O ARRAIE 229 &1 7 SR A st
WG 5 SIS E R TR, UME S bR HEE S A
ML e, H K=3 ; 24 K<3 i (5 5090 th e
FOUEEE 5 24 K>3 B, W IENEEE . IEERT-2% , K fk/)N,
UEE R T KL P oy

k= EX A (1)

(e2
Kb, X REETE S w FIME; o IbriEZ; E[HIE
P IR 3] T o S50 5 175 5 s {18 e KA1 P e o J2 g A
FEIEOL, WAl 8 FIr7 . AT, Bt e 52 BE 3 n , o e
B A LIFFAEUE SN, 43 B H R RO AZ B b LT i 0]
WPIEZ NN, 24 PTFE Je 245 5 Wi B S 4
W24 0.06 mm 1 0.14 mm B, BG4, I5FNEK, %

86 Wiz MIEEA - 20244E 5675 5531

0.8

ff (auw.)

0.4+

i

02F

Fsf ] /s
E7 BEMIEGESHHEHERFHXER

Fig.7 Relationship between ultrasonic time-domain signals

distribution and kurtosis factor
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