% 33% £ 6 TN F OB 2R Vol. 33 No. 6
2018 4% 6 H Journal of Inorganic Materials Jun., 2018

X E4S: 1000-324X(2018)06-0609-08 DOI: 10.15541/jim20170355

ETRAHESH=4%R C/SIC EGa##
PRIGAR TR R

HEBY L RS mARmY J%%XE , X
(BT LXF L AFE5ERERFR, B% 710129, 2. MEF K, B4 710072; 3. A2 FHBR LM LEMHE LR
%E, ®% 710072)
1 E: AWFRX =44 C/SIC(3-dimension needled C/SiC, 3D-N C/SiC)Eéwﬂriﬁﬁiiﬂ%%%ﬁﬁﬂﬁuﬁﬁﬂﬂuﬁz—
BRSPS BARSHARARG SE AEATEh S M . SR KX TS 7 e Nk B e I 1 7 R S
HEAT T4 SR, 45 A BRI I B B, R B 3D-N CISIC B A WHRIE S i iy 4 I F 32 B4 48 240
ik BEARITRL. FUIIBOR . FUIIE RS . LR AR AR AT A R o S T PR (] L AR (FFT) T vk /N U B
[R5 5 BEAT S 23 BT 49 3D-N CISIC A MRHE R Feair 1 FI T 324778 240, 370 Fl 455 kHz =Rl 1 144
155, S X BT SRR H AR R LT SR04 o 45 A B A B A 0 e i 7 RS 5 A i 4 A A i SR A o A R
BB TR ARFAE, 20 BT T IRE AR A T AL B
X # I8 CISICEAMEL ABIRS IS RO
FESHKS: TB332  CEAFRIRED: A

\-éH

Evaluating Damage Evolution of Three-dimension Needled C/SiC
Composite Based on Acoustic Emission Signal Analysis

HUANG Xi-Peng', WANG Bo?, YANG Cheng-Peng’, PAN Wen-Ge', LIU Xiao-Ying®

(1. School of Mechanics, Civil Engineering and Architecture, Northwestern Polytechnical University, Xi’an 710129, China;
2. School of Aeronautics, Northwestern Polytechnical University, Xi'an 710072, China; 3. Science and Technology on Ther-
mostructural Composite Materials Laboratory, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Static tensile test of three dimension needled C/SiC composite material (3D-N C/SiC) was carried out at
room temperature and damage processes of the composite was monitored online by an acoustic emission (AE) in-
strument. Noise information in the AE signals was removed according to Wavelet theory, and K-means clustering
was used to analyze the AE signals. Combined with SEM observation, five damage modes were found during the
tension: matrix cracking, interfacial debonding, interfacial sliding, individual fiber breakage, and fiber bundle rup-
ture. The damage signal of 3D-N C/SiC composite contained three main frequencies at 240, 370 and 455 kHz, cor-
responding to interface damage, matrix damage and fiber fracture, respectively. Damage evolutionary mechanism
was proposed through AE events and cumulative energy variation with loading time.
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Tablel Tensile mechanical propertiesof 3D-N C/SiC

Modulug  Strength/ Failure Elastic Poisson’'s
GPa MPa strain/%  limit/MPa ratio
104.29 115.06 0.3061 37.67 0.08
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Cluster 1 2 3 4 5

Amplitude/mV ~ 226.4 11475 4962 644 1225
Energy/((mV-ms) 342 784 490 125 220
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Table3 Characterization of acoustic emission signals and description of the damage modes

Damage modes  Cluster Energy/(mV-ms) Frequency/kHz Description
. . When the load exceeds the proportional limit (37 MPa),
Matrix cracking 1 20-80 370 crack begins to form and spreads until the sample fails.
Interface debonding 5 10-40 240 When crack extends to the fiber, it deflects and
Interfacial slipping 4 0-20 expands along the interface.
Fiber breakage 3 40-80 455 As cracks become saturated, the fibers begin to break.
Fiber cluster failure 2 70-260 594 That cracksin the material expand rapidly to form

macro-cracks attributes to fiber bundle breakage.
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