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Fig.1 Schematic of transmission terahertz time—domain spectroscopic system

X L

X gk

A

R

X T

E2 X&f&REREE
Fig.2 Principle of X-ray radiography

AT =1 =1e™ 3078 e (2)

%, R 4300 TG S A
B3 A 1) Rk R B (M R ) . Y
A x BN B U -

I= [Oe_m 1) Ax (3)
AT W —p ) EPE AL E,
P s B R b 6 1 A 4% R 4 BT
BOLFEEE AR, B RZAR , il ad AR
AL A A A T VA . PR A
FLAN A AE F 5 882 i S 2 B
AR, 2 W3 A B 245
FIR IR, RIAT LIRS 2R TR AR
LR RE DV 2 ARk v A I SR8 8
JEAR K/ INFIA
3 TACT

Tk CT 2 7 5 28 46 T A S 7k
R SR A — R IC I v, %
AT FH LRI A 5 , 8 2L
N P ) S 0 R A, T LA R
AT Z K 5347 , AT S B
S T A W R UL T
AL B 25 A 33 56 O ) 45 AR RO I
T TR B e, AN TR), I 2 A3 1Y)
5 B B B e T ORTR], 3%
R — 2 ) UG el Bk (R B F At
Bk BB R RS ), fEn]
75 2 Wy A A T 559 2 Ul R MK B 2
BERG, B X 5L CT K E
EUR B (6 ER R 12 CT fH,
B — AR 14 CTEH, —
f%% H] Houndsfield %5 By HD &
ik CT{H D, D 55 Wil R % 1
ZIAI RS

HD = —K(“ﬂ; Ho) (4)

P, w AR IZ AL BRI B
B, wo RS HIBHY X Sl &
0, 38 W KA S 278 Wb
Ky 8, WO T A T[] 4 W J2= 41 4
P
4 LIHMRBELR

2L Ah Ak B R(Infrared
Thermal Imaging ) J&—FH & J ik >k
AT IN 7 % , # I HE R AF RS
T EADE AR H 3 D 1 sl R (TE AU )

2017 4555 5 0] - BiAEERA 25



>
i‘l@lﬁ COVER STORY

M E SN I 2 F2EAL, Bl
£ CMC LT MBS AN L AR Dy T
Z KA RN I Foh R sh
PG F AR o #Tr 2CRT 5324 18 il
Ty = kepom oy =X PR sh i
77 KA BGE Wy 04 7 Y
LI (it N AE AR BR PG B , 3 AN 3%
SLABRIA S X L S A s, R
F2 B o A TN, AR
FE P IR Sk S e A R, 23K
A 5t 2 T A £ AN PR B RE ) &
Az 22 S, T ARG I 3 4 25 5 AT 4
R R AR B T O
5 BE&iHE

T RS ARAE ARG I v 4 1
FH, 2B bl 2 75 & SR T & 1
G5 2 G 1 )5 205 Re 4%,
e BE AR FEU, i 10 LM AR X
FL A 5 00 75 & SRR AT 1 A 1 R
IR . 75 & A AR AR
T2 AR At IS 7 35 AT AT T A P
B4 R 1) — BT I TC ARSI
B2, 5 BRI fe R DX )l 2 7
V8 B % N a B Ve 8 ol WA A
A A% 3% 252 W AL 235 4 D 3t 45 1) 4 i
T2, HATE AN T & B 2R &
S AR AR TS R I T T ) N
AT T KEW TAE, W B LT
A TR, WIREE 1348 |
& JE U A REAE 75 R AR
AE CMC TR 7 1A % K1)
N
6 BEEE

7 7 U AE ) — A o T A% 4
AN T ) I — ELAR G R Y
L LA S 30 75 BH T 22 1) e K 1)
PR A S5 T R 2 B3 5 R
ST, e HER I 75 0 5 AR A AR
AR R U R DN 4y 2 g vk K o
FHE AR S R A
F B RS A I S A
AR R S A A R R
O 3 g G5 A X A P IR A TG
D5 Je AR T S22 A0 381 1408 75 g A
XA R T B B R 3 5 pEAs T

26 FiAbHEECAR - 2017 45355 5 1]

PRGN phy T HAR I L) R B
AN BAE T LA B B I AR A 2
AR HE AL, B R RSO TE KL
TCAGHGEI PP S B TG BRI T ik 2 — o

Fo iR 7 % M

1 T CT#iN R

Tk CT 42 R & 1917 4F i
Randon FF 42 H, 7 20 it 42 70 4EAL
Hh A T U R N H AR TE AR
R, 80 A3 iz H Tl CT
AN RIS TS R DL R ok # & sl
SEEAT T AR SRS, XF Tk CT HER
)R EERE] THESIER . 78 CMC 1Y
W RGN 2w, Tl CT A TR
DA e gy | 1 e R 288 B 43 Atk
e, T At T DA B A5 R 14 1
P, WK CMC 8 1 2 5 4%
A 2 VIS EF 2 5 3R 9 23 (8] A
P e

Breuning 55 £ 45 CT WF5E
SiC 7F Nicalon £F 4E o8 - 1) T fH 5
TR, WU 5E T WAk ik £F 4 156 ) Bk Ak 1k
HAAMBHSIC/SIC) T4 FH KRR 23
B R AL S B P Liaw,
Ellingson LI Jessen ZEHFH Tl CT
SR T SiC/SiC FLBRE . CMC Bk
BERAE UL B CMC HreF 4E i 11
A3 AT RN 1) S5 ) 22240 2005 4E
5 E Z M MRAE )R (NASA)
$ Tl €T H AR B T4 A K
TMLE &SRB E S CMC
B0 & 3 RiiEe C/SiC Kk BhbL:
ARG AT ™ o R CT R R
J, T LAV A R IR 21 S A AR
2 Imm AY%3BE . Abdul-Aziz 25 7
s Tk CT HARKN T SiC/sic 1y

B A 21 S fifs
(a) et A (b)iwfent i CT &
E3 mEtH
Fig.3 Picture of turbine engine bladed disk

IRBEBRAH IR e hi A SR T H AL
(I A AE ARG O, R CT =4
AR A A BRIT /T 0
LT R P9 R 23 T 7E 52 1 i i AR
TR,

BN ET Tl CT 7 CMC TSt
oAU T TRE N IREN A A=A OF Rl
B, SREEES AT CT A
AT T C/C 2 AR A
FhBRsE 1 Je A A A Tl CT $2
ARWFFE T C/SIC KT SiC W2 1Ak
FEBL, AEFESE 0K Tk T HiARi8 A
FIBFIE = 45Tl C/SiC %5 S Al
(2 FE BB T . PN B s T
Al CT#FSE T 3D C/SiC & &b RHis:
MR 4 A (AL 4 iz ), X e
T = Y G U = AR e R A
SR C/SiC WS MYk 2 3, BR 1)
T RS R AR S, Rt
BHCLEF M T 2RO TR G, XB
AR 45 BV s@ ik Tl CT 7k, ER
R C/STC R AR Hh T ] A4 FL Bk
M 5),

(a) =4Egmen

(b)) ZHEERI C/SiC g
WEFRER AT Y CT A5 5]
B4 ZHRA. =Z%ERIC/SICHIEMRER

HEMCTHRME

Fig.4 CT image slice of 3D braided and 3D

needled C/SiC nozzle of C/SiC nozzle

2 LI5MAR G

2T ARG T RE 8% Xof £ Ak 1
SR A MR AT AR R, T 4 A 4y
JZ AL S R R T A ORI, 250
e FL AR I T UL, 2 — g P
FER TR 7k . FRIE T 2003 4F
9 AR 2L AM ISR A I E AR B AT
E R mRH & R, HETC A 2F 2
Mo A OB FA I 21 AN ARG A
W5 T T — &5 T AE B,

1998 4= ANL CMC ) Sun % 7!



LIV
COVER STORY ﬂ‘ﬁi—?‘

(a) =4k C/SiC HFLIRRER

(b) 4 c/siC HELIRFRR CT A &

E5 Z#C/SICEFLINFEMRKECTHINE
Fig.5 2D C/SiC sample and CT detection
images of 2D C/SiC defects

AR R EA Y R E TN
CMC AR RHE PIP il £ Frp
M ZEA 284, 25 SRR AR PIP ALY
Hahn, CMC AR BERER, $ HICR
HARCANE 6 Fiw ), 73)2 () X3S
BB E

[ 4, Wang %5 % 45 fiff F 21 4

(¢)10 K (d)15 %
E6 PIPAREREEHCMCEF i}
LTSMARL R B
Fig.6 Infrared thermal imaging map of
CMC after the different number of PIP

AGAS I F AR CVI SiC/Sic it
B v ) B0 o 547, SRR TE T A E|
1000°CH}, AKX o Faapa i X
BURAY HORSUN AR 2
Pap i M E A 7 R ),

3.5mm’/s 5.5mm’/s

(a) I
E7 #HipEHGEIECVI SiC/SiCitH
LISMARL R B
Fig.7 Infrared thermal imaging of CVI
SiC/SiC specimen before and after
thermal shock damage

(b)) KI5

2003 4F, ANL CMC /¥ Sun FI
NASA Glenny #5809 Verrilli 55
K ELAMRIGAR 7 R 2 K sl
SiC/SiC IR B E W AT T
(ARG TR 5 A BRAT AR AR
GGz I T3 72 X 453 40 ke o B R, R
W21 ARSI 5 1 RIE X6 A4 2 A B ik
1758 T R AF, 2004 4F, 5 [ 55 b
Krenkel %5 "' %f C/C-SiC et 46
D) ARG HE AN [ 8 8 R T AR oA e
B, 2005 4=, NASA Langley Research
Center 1Y) Madaras 2§ e AN A A
WTTEXT RCC A BRI £ LI T 2%
O, A 2] B ALTCHE KB Sic ik
JZRPERELRE . NS K Maldague
A5 R SRR Y Rajic!™, B KR
) Meola 25 W4 1 % FEH L1 AR
AR J5 1, 2012 4EPE L Tl ok
SEIRLTHG S R LM RE T
HXT 2D C/SiC B A AR 1 RIR
WG AT T FRAE (N 8 B )

(a)O0s
B8 2.5mmAirfEHE i 2D C/SiC iRH
AEZILINE F
Fig.8 Infrared images of 2D C/SiC under
2.5mm load at different time

(b)0.423s

3 BEHESEXEKRN

1995 4, 3¢ [ 38 H H <R s Hl
2 )R FHAR P ARG 1 v i T
CMC AR EE 2R EL B T 1 52
AR BT R T JE R R A
RE I T 2058 r i) % I 4 R A
A C s T C/Sic &
B MRS ERA A AR T AR Y R (R
fb A B9 TR ), 4 M 45 (& 10)
& BUASHE B R RBUO F
0.71~0.74 Z 8], T A 4 A AT 19 K
FREHM 1,

BRFAOLE A

BREENE B —7
i :

/

/

i \
\ . \ | Gkeam
/

B9 RN RERETETEE
Fig.9 Diagram of the sample
configuration and the defect position

| "t Jomies’ oy i i
0 25 50 75100
(a) b 1 (b)ikF: 2

E10 HAEBFECHAMLER
Fig.10 Result of the sample's ultrasonic
C-scan

e s s Nhiad T
0 25 50 75100

1999 4 NASA Lewis Research
Center [ Morscher™ ¥ 75 & 54 AR
iz B4 21 SiC/SiC & A M R 45
PR Bz H1,2002 4F Ohio Aerospace
Institute [ Gyekenyesi %5 " R Ff
RSFHARBETE T AE T Hr s iy
PHFPASIR] SIC/SIC & A R RHIR 31 T
Mo PAAL Tl K 2= X IGE AR R HTE
71 CHHIXE C/Sic B A M EHT RS
FEIR A kb 4T 1 2 Br(Can 181 11
B ). MAEIZE C 4L nl il
B IR TR B2 /0, 440 T BB N
B DX € ok i . 5 A, A

2017 4555 5 0] - B hEEA 27



>
ij‘ﬁilﬁ COVER STORY

e —— | S—— S—

(a)2.5mm (b) 1.5mm JEIRH

E11 R GEECHRERINE G

Fig.11  Ultrasonic image of indentation

damage in C/SiC

] Sz BB AT s X e LA B A0
S DI, ] DLW R 4 o i b
P42, AR C FIHRERI 2
C/SiC Nl T ™= R o)z
4  KiFziam

2012 4F German Aerospace
Center 1 Ullmann 2 ®Y F] k2%
R F BEAI 9T T R H m LR Ak
YIbe G R A AR WHIPOXTM ) fip
450 SHEFEX 11 B A KAT8ek
HETRAR (AN 12 FR ).

& 13 3k HE f— 3 WHIPOX
T A 2% 1T 119 4 5 568 R 2% TG 40 A DU
i, M AR AT L I DL 22
W LT AE 254 (2 4o 2 [A] Y S B DL S
AT L 22 [H] 128 1 o

Becker &% B2 FI 3D Kikzk
TERIF T 10 SR 1Y) SR A 2T e
588 Bl s 2 A A RHCAN 1A 14 TR )
A K i 22 T 3 (CAn /&) 15 s ) Aol
VITE WA DAL R e m R e L
KA R B

HRE

CMC T HEA 1Y & m =24k,
TR I 2 5 2Pk DL S R A% P45 1
PESEPE oS BOM R AN AL & 22 A
ZREMBIEG . Tolk CT RELLRUR B K
JEE 53 HERAS I AL R T 55 NS Y 2
Fa2E 1 A AR B0 55, B M 25 2
UM I AR , ITBE 52 BB b 1 S 4 |
L, ZTAMRBR S PR, R
THIFRR TRE P, G S s R W,
FIE S TGN B o A% B R L, A DU
AL e RV E G . R

28 Wil - 2017 4E55 5 1Y)

— B

(a) WHIPOX 5& (b)SHEFEX II %
[I}7E ey HAES T2

E12 WHIPOXS#EREE R
SHEFEX Il BN XIT8R

Fig.12 Integration of the WHIPOX panels

and SHEFEX Il reentry vehicle

300 400
X/mm
BE13  WHIPOXTE AR A 2 6 il 1 i
Fig.13 Terahertz image of WHIPOX plate

E14 SAMAEIEERAEES SR
Fig.14 Oxide fiber reinforced ceramic
composites

E15 S FgitrmEES &l
3D %% Bl
Fig.15 3D terahertz imaging of oxide fiber
reinforced ceramic composites

I SRS R SR T B 4y 2 VB
BB LS IE 4 S L 5 UK
S50 e L AN VAR (L LA U 1)
AR ER A A AR RN X

K 2% [ 1A Sl — B & Rk
KR A MR TR A, i
FELERIT 2R B R 1 S A ok 2
HZ5E] T CMC FICHs F, 52
Bl A vh, A R - Bo A7
FEPLI A, 38 H 255 Z2 Pl i B xof
[F) — S5 0 4 G 5 5 3] S o o
E

& £ 3

(1] 5K, MOk kAR OB i
T e ST B BRI RIS HE R ()], A ) 3
AR, 2003(1): 24-32.

ZHANG Litong, CHENG Laifei, XU
Yongdong. Progress in research work of new
CMC-SiC[J]. Aeronautical Manufacturing
Technology, 2003(1): 24-32.

[2] GLASS D. Ceramic matrix composite
(CMC) thermal protection systems (TPS) and
hot structures for hypersonic vehicles[C]//15th
ATAA International Space Planes and Hypersonic
Systems and Technologies Conference. Dayton,
2008.

[3] NASLAIN R. Design, preparation and
properties of non—oxide CMCs for application
in engines and nuclear reactor: an overview [J].
Composites Science and Technology, 2004, 64(2):
155-170.

[4] KRENKEL W, HAUSHERR J M,
REIMER T, et al. Design, manufacture and
quality assurance of C/C-SiC composites
for space transportation systems[J]. Ceramic
Engineering and Science Proceedings, 2004,
25(4): 49-58.

(5] WK, XU, J i ot 45 . il
B R ——C/sic A MBI MR
2012, 26(1): 20-23.

YANG Huiyong, LIU Rongjun, ZHOU
Xingui, et al. New board material— C/SiC
composite[J]. Materials Review, 2012, 26(1): 20—
23.

(6] TR, HRAL I, ok &, A5 Lk /
Atk FERH 52 G BRI HE R (D). fERRER 2
2 , 2006, 34(8): 992-999.

XU Yongdong, ZHANG Litong, CHENG
Laifei, et al. Research progress on carbon/silicon
carbide friction composite[J]. Journal of the
Chinese Ceramic Society, 2006, 34(8): 992-999.

[7] KRENKEL W. Ceramic matrix
composites fiber reinforced ceramics and their
applications[M]. Berlin: Wiley—VCH, 2008.

[8] HGHE, XBEAR , PN, 55 . RIS
AR TCASURS BT 58 28 (7], A4 R4, 2009,
23(9): 82-87.

MEI Hui, DENG Xiaodong, SUN Lei, et al.
Research progress in non—destructive testing of
ceramic matrix composites[J]. Materials Review,
2009, 23(9): 82-87.

[9] ALLEN D, METS M, LOREY D, et al.

Nondestructive evaluation techniques for ceramic



LIV
COVER STORY ﬂ‘ﬁi—?‘

matrix composites[C]. John Wiley & Sons, Inc,
2008:631-638.

[10] VAN DE VOORDE M H. Non-
destructive evaluation (NDE) of carbon—carbon
(C—=C) and ceramic composite materials[J]. British
Ceramic Transaction, 1998, 97(6): 287-292.

[11] MITTLEMAN D M, JACOBSEN R
H, NUSS M C. T-ray imaging[J]. IEEE Journal of
Selected Topics in Quantum Electronics, 1996,
2(3): 679-692.

[12] FRIFAE . FETF Nd: YAG UK 3%
Hed ZEA AR TH2 FRAT RIS D). KHE: R
HERAE, 2007.

ZHENG Fanghua. Study of THz-radiation
different frequency generation based on
Nd:YAGID]. Tianjin: Tianjin University, 2007.

[13] XUSEE . JCHA I A (M]. JE5
[ By Tl i . 2006.

LIU Guimin. Non-destructive testing
technology[M]. Beijing: National Defence Industry
Press, 2006.

[14]  SRARU . ZAFEE CT ARG 8
FIREFT [J]. TR T2, 2001, 31(1): 42-48.

WU Dongliu. The method of computer
tomography for composite materils[J]. Aerospace
Materials & Technology, 2001, 31(1): 42-438.

[15]  EhfFss, 2 , SRR . 2T ook
BEFEFRN T CT &5 ). AL RS
11,2007, 15(11): 1494-1496.

MA Cunbao, LI Haihao, ZHANG Xiao. ICT
system based on improved image reconstruction
algorithms[J]. Computer Measurement & Control,
2007, 15(11): 1946-1949.

[16] SIVERS E A. Performance of X-ray
computed tomographic imaging system[]].
Materials Evaluation, 1990, 48(6): 706-712.

[17] SUN J G. Evaluation of ceramic
matrix composites by thermal diffusivity
imaging[J|. International Journal of Applied
Ceramic Technology, 2007, 4(1): 75-87.

[18] kRS, whdk, B[ A, 4 . 75 Ak hT
FORTEN 23 U B 5 [, Je i A6z,
2000, 22(4): 157-161.

ZHANG Fenglin, HAN Wei, HU Guocai, et
al. Research on the application of AE in the field
of aviation [J]. NDT, 2000, 22(4): 157-161.

[19] Z=E4e, R2% . BUCICHRN 51T
Ay M. et A2 Tl A, 2009.

LI Guohua, WU Miao. Modern non-—
destructive testing & evaluation|M]. Beijing:
Chemical Industry Press, 2009.

[20] KINNEY J H, BREUNIG T M,

STARR T L, et al. X—ray tomographic study of
chemical vapor infiltration processing of ceramic
composites|J]. Science, 1993, 260(5190): 789—
792.

[21] BREUNING T M, NICHOLS M C,
KINNEY J H, et al. Quantitative microstructural
characterization of a composite material using
destructive and non—invasive techniques[C]//
Proceedings of the 17th Annual Conference on
Composites and Advanced Ceramic Materials,
Part 1 of 2: Ceramic Engineering and Science
Proceedings. Hoboken: John Wiley & Sons, 2008.

[22] KIM J, LIAW P K, HSU D K, et
al. Nondestructive evaluation of nicalon/SiC
composites by ultrasonics and X-ray computed
tomography[J]. Ceramic Engineering and Science
Proceedings, 1997, 18(4): 287.

[23] ELLINGSON W A, KOEHL R
D, STUCKEY J B, et al. Development of
nondestructive evaluation methods for structural
ceramics|C]//Proceedings of the 11th Annual
Conference on Fossil Energy Materials. Knoxville,
1997.

[24] JESSEN T L, KEE A J, EVERETT
R K, et al. Application-specific CFCMC design
using 2D structural simulation [J]. Ceramic
Engineering and Science Proceedings, 1999,
20(3): 77-84.

[25] LEE H R, ELLINGSON W A.
Characterization of a flat—panel amorphous silicon
detector for X-ray computed tomography[J].
Journal of X-Ray Science and Technology, 2001,
9(1):43-53.

[26] MADARAS E I, WINFREE W P,
PROSSER W H, et al. Nondestructive evaluation
for the space shuttle’s wing leading edge [C]/41st
ATAA/ASME/SAE/ASEE Joint Propulsion
Conference& Exhibit. Tucson, 2005.

[27] SUNJ G, VERRILLI M J, STEPHAN
R, ET AL. Nondestructive evaluation of ceramic
matrix composite combustor components[R].
Washington: NASA, 2003.

[28] GENGE G G, MARSH M W. Carbon
fiber reinforced/silicon carbide turbine blisk
testing in the simplex turbopump[R]. Washington:
NASA, 1999.

[29] ABDUL-AZIZ A, GHOSN L
J, BAAKLINI G, et al. A combined NDE/
finite element technique to study the effects
of matrix porosity on the behavior of ceramic
matrix composites[J]. Proceedings of SPIE-The

International Society for Optical Engineering,

2003, 5046: 144-151.

[30] ABDUL-AZIZ A, SAURY C, XUAN
V B, et al. On the material characterization of
a composite using micro CT image based finite
element modeling[J]. Proceedings of SPIE-The
International Society for Optical Engineering,
2006, 6176: 617605-617605-8.

[31] #RHUH, #O8 & . Tk CT 75 ¢/
SEERRICHURIN H Y 0 (1. B B b R
1998, 13(2): 26-28.

XU Huijuan, HUANG Qizhong.
Applications of industrial computed tomography
in nondestructive tensting for C/C composites[J].
New Carbon Materials, 1998, 13(2): 26-28.

[32] DR, IS, AL, 5 . C/SiC
T SiC MR JZ L A CT JEHSHIN 5 5347 ().
HAMRIEAR L2011, 28(5): 127-132.

FENG Yanjian, FENG Zude, LI Siwel,
et al. Non—destructive testing and analysis of
SiC coating on surface of C/SiC composites
afteroxidation with micro CT[J]. Acta Materiae
Compositae Sinica, 2011, 28(5): 127-132.

[33] A, BN, RBIEAR, 45 . =4k
C/SiC. 7 BB AR B TCAASIN S5 940 (). A
FEZEH , 2010, 27(6): 107-111.

MEI Hui, CHEN Xi, DENG Xiaodong, et
al. Non—destructive testing and evaluation of 3D
needled C/SiC plate with density gradient|[J]. Acta
Materiae Compositae Sinica, 2010, 27(6): 107—
111.

[34]  FhE, SRALIR), HEHE, 45 . 2D C/Sic
BB Y JC BRI 5 I (0], A bR,
2008, 25(5): 86-90.

SUN Lei, ZHANG Litong, MEI Hui, et al.
Non—destructive testing and evaluation of 2D C/
SiC with defects [J]. Acta Materiae Compositae
Sinica, 2008, 25(5): 86-90.

[35] ABHEAR, HOR & MpHE, 55 . C/sic &
G BRI E T LD AN TR ()], A A
BlEAR L 2009, 26(5): 112-119.

DENG Xiaodong, CHENG Laifei, MEI
Hui, et al. Infrared thermal wave imaging for
nondestructive detection and measurement of the
C/SiC composites[J]. Acta Materiae Compositae
Sinica, 2009, 26(5): 112-119.

[36] F iR, &TTF AT, A L LTAM
W TCATAGINH A B P ()] JCAs N , 2004,
26(10):497-501.

WANG Xun, JIN Wanping, ZHANG Cunlin,
et al. Actuality & evolvement of infrared thermal
wave nondestructive imaging technology [J]. NDT,

2004, 26(10): 497-501.

2017 4555 5 0] - DG EA 29



>
iifﬁij(ﬁ COVER STORY

[37] SUN J G, EASIER T E, SZWEDA
A, et al. Thermal imaging and air—coupled
ultrasound characterization of a continuous—fiber
ceramic composite panels[C]// American Ceramic
Society's 22nd Annual Conference and Exposition
on Composites, Advanced Ceramics, Materials,
and Structures, Cocoa Beach. Florida: Argonne
National Laboratory, 1998.

[38] WANG Y, WEBB J E, SINGH R
N, et al. Evaluation of thermal shock damage in
2-D woven nicalon—Al,0; composite by NDE
techniques[C]//22nd Annual Conference on
Composites, Advanced Ceramics, Materials, and
Structures: A: Ceramic Engineering and Science
Proceedings. Wiley Online Library, 2008.

[39] SUNJ G, VERRILLI M J, STEPHAN
R, et al. Nondestructive evaluation of ceramic
matrix composite combustor components[C]// AIP
Conference Proceedings. 2003:1011-1018.

[40] KRENKEL W, HAUSHERRJ
M, REIMER T, et al. Design, manufacture
and quality assurance of C/C-SiC composites
for space transportation systems[J]. Ceramic
Engineering and Science Proceedings, 2004,
25(4): 49-58.

[41] MADARAS E I, WINFREE W P,
PROSSER W H, et al. Nondestructive evaluation
for the space shuttle's wing leading edge[C]/41st
ATAA/ASME/SAE/ASEE Joint Propulsion
Conference and Exhibit. Tucson: NASA Langley

Research Center, 2005.

[42] MALDAGUEX, ZIADI A, KLEIN M.
Double pulse infrared thermography [J]. NDT & E
International, 2004, 37(7): 559-564.

[43] MALDAGUE X, ZIADI A, KLEIN M.
Double pulse infrared thermography[J]. NDT&E
International, 2004, 37(7): 559-564.

[44] RAJIC N. Principal component
thermos—graphy for flaw contrast enhancement
and flaw depth characterization in composite
structures|J]. Composite Structures, 2002, 58(4):
521-528.

[45] MEOLA C. A new approach for
estimation of defects detection with infrared
thermography[J]. Materials Letters, 2007, 61(3):
747-750.

[46] IRETH:, MOk &, M8 . 2D C/SIiC &
BAPEHTE ) HIR AT AL (7], A 2241,
2012,33(8):1548-1552.

XU Hongrui, CHENG Laifei, MEI Hui.
The characterization of indentation of 2D C/
SiC composites subjected to quasi-static
indentation[J]. Acta Aeronautica et Astronautica
Sinica, 2012, 33(8): 1548-1552.

[47] BASHYAM M. Ultrasonic technique
to measure stiffness coefficients of CMC and
its implications on characterizing material
degradation[]J]. Composites Engineering, 1995,
5(6): 735-742.

[48] ZWI, kR, RIFLL, A A C 4

FHTE C/SIC A FIRHS BRA G AR BT AR B ik
TR (D], TR T2, 2015, 45(6): 87—
90.

LUO Ming, ZHANG Ying, WU Shihong, et
al. Application of ultrasonic C—scan in the brazing
quality of C/SiC composite and titanium alloy[J].
Aerospace Materials & Technology, 2015, 45(6):
87-90.

[49] MORSCHER G N. Modal acoustic
emission of damage accumulation in a woven
SiC/SiC composite [J]. Composites Science &
Technology, 1999, 59(5): 687-697.

[50] MORSCHER G N, GYEKENYESI
A L. The velocity and attenuation of acoustic
emission waves in SiC/SiC composites loaded in
tension[J]. Composites Science & Technology,
2002, 62(9): 1171-1180.

[51] ULLMANN T, YUAN S, RAHNER
N, et al. Quality assurance for the manufacturing
of oxide fiber reinforced ceramic composites
for aerospace applications[C]//International
Symposium on NDT in Aerospace, 2012.

[52] BECKER S, ULLMANN T, BUSSE
G. 3D Terahertz imaging of hidden defects in
oxide fiber reinforcedceramic composites[C]//

International Symposium on NDT in Aerospace,

2012.

1B 1E & M %, E-mail: 851846071@

qq.comg,

Brief Introduction on the Method and Progress of Nondestructive Testing for

Ceramic Matrix Composites

MEI Hui, ZHANG Ding, XIA Junchao, YIN Liangxuan, YU Changkui, CHENG Laifei

(National Key Laboratory of Thermostructure Composites Materials, Northwestern Polytechnical University,

[ABSTRACT]

Xi’an 710072, China)

Ceramic matrix composites have been widely used in the field of aeronautics and astronautics because

of its excellent properties such as highlighted mechanical properties at high temperature, low density and good oxidation
resistance performance. Using nondestructive testing methods to make testing on ceramic matrix composites has significant
meanings in ensuring the quality of materials and improving the reliability of related products. In this paper the current state
and development of the nondestructive testing of the ceramic matrix composites are summarized. Principles of terahertz, X-
ray, industrial CT, infrared thermal imaging, ultrasonic wave and acoustic emission for the ceramic matrix composites are
elucidated in detail, and their applications in ceramic matrix composites are introduced.

Keywords: Ceramic matrix composites; Nondestructive testing; Terahertz; X-ray; Industrial CT; Infrared thermal imaging;
Ultrasonic wave; Acoustic emission
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