108 1M Wil as TR ik Vol. 10 No. 1
2019 4F 2 H ADVANCES IN AERONAUTICAL SCIENCE AND ENGINEERING Feb. 2019

XERS:1674-8190(2019)01-053-09

C/C LA E &+ B FLIRE E B IR TR

RofT' 2R F, EAR
LR SURLA LR K AT 2R S BETHOR R T BSR4 ST 210016)
C2. PR R IR SEAE A A LI LB PR BE . i 201210)

W OE: NG AR O EM S AR SRS )z N L WS IR AL C/C HLEUE & M ORHEE S R R 4R R R
TR A EE TRME. Bl C/C = MIESCHLEE & # eI 4 1 i A B oA R, 76 fLRNE
FEI P i HE AR 1 2 00 445 4 3 7 448 L R A R e 8 7R, SR T R T 4 00 g 2 g s J32 o DO %o JHG Az o R0 s 48 53 495 Wi £k
I R AT AL I T AR BB AR R R R R RLA R, SRR RS RE R T, AL
2T 2 SR o XS 17 T 4R v A AR ST ALAR 2P 2 4 SR B 4 R B L R AL AR5 K R U XE YR
KEEE: C/CHLAE G MBI )2 s A BRIT s i i 31 45

FESES: V214.8;TB332 XHRFRIRAG : A DOI: 10. 16615/j. enki. 1674-8190. 2019. 01. 007

Simulation of Strength of C/C Woven Composite Open-hole Plate by
Finite Element Method
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Abstract: 3D woven composites have been widely used in aerospace field. It is of great engineering value to study
the damage mechanism of C/C woven composites with openings under tension and compression. A mosaic finite
element model of C/C woven composite with opening-hole is established, and the progressive damage analysis
under tensile and compressive loads is performed to study the mesoscopic damage model of opening plate. In the
finite element modeling, a mesoscopic finite element model is established based on the mesostructure of the ma-
terial in the perforated area of the open-hole plate, and the rest is equivalent to a uniform model. The failure cri-
terion based on meso-mechanics is used to predict the ultimate load and strength of open-hole plates under tensile
and compressive loads, and the damage process is studied. Based on the simulation, the damage initiation oc-
curred in many areas of the warp yarn due to the stress concentration in the contact area between the binder and
the warp yarn. And the damage area of the open-hole plate exhibited an ‘X’ shape expansion both under tensile
and compressive loads.
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Fig.1 3D C/C orthogonal woven composite structure
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Table 1 Parameters of 3D C/C orthogonal

woven composite structure

LU R 1 B /mm & /mm EH
7o 0. 24 2.02 7
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Fig. 2 Sketch of 3D C/C orthogonal woven

composite specimen
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Table 2 Parameters of 3D C/C orthogonal woven

composite specimen
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Fig. 3 FEM of 3D C/C orthogonal woven composite
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Table 3 Mechanical properties of fiber
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Table 4 Mechanical properties of matrix

PPEHE R/ MPa 8 700 JE45 58 B/ MPa 41.7
THA L 0.1 BYYI5R B/ MPa 12.0
P58 B/ MPa 12.5
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Fig.5 Stress transformation on composite fracture surface
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Fig. 6 Loading analysis of fiber kinking
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Fig. 7 Material stiffness degradation model
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Table 5 Factors of stiffness degradation

ER S En E» Es Giz Gi Gy
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Fig. 8 Tensile load-displacement plot of C/C

woven composite open-hole plate
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Fig.9 Matrix damage distribution at a

load of 30% of ultimate
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Fig. 10 Fiber damage distribution at a
load of 90% of ultimate
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Fig. 11 Tensile damage initiation of C/C woven composite open-hole plate
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Fig. 12 Tensile damage process of C/C woven composite open-hole plate
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Fig. 13 Tensile damage of C/C woven composite

open-hole plate at ultimate load
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Fig. 14 Compressive load-displacement plot of C/C

woven composite open-hole plate
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Fig. 15 Compressive damage initiation of C/C woven composite open-hole plate
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Fig. 16 Compressive damage process of C/C woven composite open-hole plate
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Fig. 17 Compressive damage of C/C woven composite open-hole plate at ultimate load
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