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aero-engine composite components was systematically reviewed. It addressed the bottleneck problem of
accurately detecting and evaluating the cross-scale and multi-form defects generated in composites during
their application in aero-engines, focusing discussions from the perspectives of the process mechanisms of
defect formation, the technical principles of CT detection, and intelligent recognition algorithms. It
provided a detailed analysis of typical defects in key components made of resin-based, metal matrix,
ceramic matrix, and carbon-carbon composites. By reviewing the application scenarios of CT technology
and starting from the typical defect characteristics and structural morphology differences revealed by CT
detection, the effectiveness and limitations of different technologies, such as micro-focus CT and
synchrotron radiation CT, were compared in identifying various types of defects. The results indicated that
intelligent recognition technology based on deep learning is an effective approach for achieving accurate
characterization of cross-scale defects, while multi-modal fusion detection is an important development
direction for solving the challenge of micro-defect detection in thick-walled components. This review
systematically investigated the compatibility of different matrix composites in CT detection, providing a

theoretical basis and technical support for the full-lifecycle intelligent detection and reliability assessment
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of composite components in aero-engines.
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Table 1 Comparison of different types of defects in aero-engine composites
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Fig. 2 Insufficient identification of internal defects in composites by ultrasound testing
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Fig.3 Composition diagram of industrial CT system
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Table2 Comparison of common nondestructive testing methods for internal defects
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PQUEAT AL B, G Jnge | SF- v b B A P LS Ak
B (L 4G R o 5 S ARG | TR 2 3 Y
A5 ) FEEUBR B ERAE, An & 4(d) FTs

4) BEGTE S . RGN R 8 Bl G AT
ST RIPEAY, S i B R AR R AT LT S EO TR,
FEFLBRARE B RS A5, LUVE Al BB X 1 g 19 52
M, AN 4(e) B .

DL SRR BLOCHR, TR T 24 CT Joibiky
DR, Wt A EA R R BRI FEES

SIERE, A R A4 525 AR AR A BRI,
H A FRHEREPEAS A1 T 200 AL S At AR A
23 EEMBKRNER CT HRAEKE
AR A ) S Z RIS 2 A%
PAATHL, P BB (N fLER . SREC, £ el R |
SRS . 4R AR ) BRSO RS I 5 5 B R AEXS CT
PR T 2R TR o R RIEE A CT A
MR, B — D HE TR H AR RGPkt e
FORL B A T TR BB - BB - H AR A9 = o0 %

20250363-5



IR DA

%41

R TAE, B IR A B JEAROR RE CAn R g 2
& @ Lo P B I A M RL) S R IR R LR,
B S R B () A L RUBE ST BB A s e, W
BRI B AR H bR B an, b R BY 2R £
SiC/SiC B & Mk Tlk CT PR 46 1 47 A i T2
A0z H, 3 BB 5T 22491, 50 UE 1 Micro-CT
BB A5 B0 SE A o s TR 21 [l 56 41
Wy 1458 55 45 BRE Micro-CT % B B (8 477 204 AR
FEAF ST, F FH Micro-CT JG 5t A% 3R U 6 P 3 =
g5 k(5 B, b g s HAR M B A Y, i S
BRI T2 5 2k R 1 e G L, SEAD TR
FEOARAR IR < B SRR RS AR ] i 22 . AR R R}
B R 2FCT B S B UL T2 W & R A M BT
FENTREE 2 | SR AN R 2 454 5555 )
R, T 1 R D AR O IR SRR S CT &,

Bl A A BR P AR R B T Ak, AT T R/
1k i TR 2T 4 AR g S T RN (B 1) 2 R X R Bl
il oV AC 3 KB B X P S R A A b R
1 T 45 R SR A Hh 4 IO 5 2R, Ak o BT
P 05 0 Ak R, O ST R R Bl Y A 5
G U4E(4D) R AL X SHER M CT BER L R B2 > ]
180 E . BCF R UM 56 20 BT R CT %08 38 3l 1) BY
LIV o AR TR, S D AR A58 47 380 2 00 7 272 0 . )
EN T OIS

R FRGE R AN CT H AR M e 538 FH Y L
T AN OB AR, 25 E PR R SRR
P BN b 5 R R L, X Tl CT,
il CT(Micro-CT) . [A] 2L %@ 5t CT(SR-CT) 5 J5ifiz
CT i RFEAT T X, mALE AR R, WE S5k
955 T AR A P B CT AR B H SR AR A

R4 CTHEARERSELE
Table 4 Classification and comparison of CT technology types

HAYH  BURA S B0 T
FIIFIER AT
X ARG + g EROUUHE, BONRK(Sx WU, SR |,
Talk. CT 3x107°~10 7
. s BAEIA 107 mm) AR 4P AL
A
wer B MHRBOROLBAE ,  (LERVNTHER RIIRIESL A bORHARAL
aEMCT BN w0isxaor SRSHEE (<I0mm) B RIS BLEAHH s
K ‘ iRy BRI S
ML A BRI
FBRS RBASDER L SR, REFLRIER BRAGHEEN, 0 L o
(SRCT)  HHRIRRS WG S AT ER A FPE LS
AR
SR BIGTIL RIIFESE £ BB
. CT 4+ o s vz ik IESE RO ERET] R A A, B
mer ST woreswaor  mGmmy VERESEE T e sl w2

MO )

A HHERE D

3 EEMHEERE/ARG CT Tkl
AR

AT, AR, & Jm kL. BB LB G4
AR S KT R, & BN A ZS & Bh LA |
FE AL A TR A 00 T 78 18 TR LSO, (H & Bk &2
HMRRI AR GG . 2 5 ol T AN R A
A MBHRE s BB R IUE A
3.1 PMC #£B& CT ¥l

PMC 7£ & sl vl A4 v g Tz, A AE Al
L B 25 55 iR BLALBR . 43 )2 . 27 4 th 25 25 2
B, & 5 4T PMC R AS [ B B4 SR 43 A
WA PMC A R4 5 RORE Rt OB (107~ 107
mm) LA i FLIIR o 2F 2 -4 i 5 T Bk B ol L W
Micro-CT S BLAZ I 5 40 R (107 ~107" mm) £
e e R SRS, 5 Lol CT 45 G % L B

A EWRE (510" mm) LA 2 . K A
Biks A E . B 6 45 H T PMC o BRBE I 25

XFF PMC #4941 &, A FH Tl CT £ R Xf
PMC il & 2547 K600 123 BT, BB A% X PMC i) 4%
JoT AL A5 e o A0 G A P 2 v ) R R R
W58 F R AR B CT 2 AR X PMC #E 47 P48 i
B3R5 K4 43T o HP R SS 53 BT U R Tk CT
ARSI 52 A AR B B R (i 7 R, %
Jezz, SAL R RE, BN G IR, JF H
e B0 1 D S5 P LA RS L . R, R
X GFEHE AR CT JiAG A A ADL 53 J2 Bl B 54, AN AL
AR . EUR BTG BB R i iR
25/ A, IR BB TR ST IR EF 2 PMC 4 14 P9
SHIEEE S T ASEI R, R T RE
Fr Bl CT JEL A e 8, X v Al ol 2 o 27 2 3 o

20250363-6



5 X 3 B e oA M R B ML A ARG CT RS 4 R B J 2k

x5 TREGESGHHSEIRERERA

Table S Characteristics and defect performance of different matrix composites
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Fig. 11 Industrial CT image of SiCp/Al composite sample and size measurement results of typical defects'®!]
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Fig. 14 Typical defects of ceramic matrix composites
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