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[ABSTRACT] Experimental and numerical methods were employed to study deformation mechanism and elastic proper-
ties of the plain woven SiO,,/SiO, composite which was prepared by conventional sol-gel process. Firstly, the elastic modu-
lus along the fiber direction was measured experimentally; Secondly, the representative volume element (RVE) method was
used to set up the cell model in ABAQUS software. Equivalent elastic modulus of the material was obtained based on pe-
riodical boundary condition, and was compared with experiment data to verify the reliability of numerical method. Finally,
the nine equivalent elastic constants of SiO,/SiO, composites were calculated based on FEM analysis results, including
Young’s modulus, shear modulus and Poisson ratio. The conclusions can be drawn that the RVE method based on boundary
condition can solve the deformation compatibility of RVE method, and be used to predict the elastic property of material
and deformation behavior. The prediction equivalent elastic constants agree with the test result and can contribute to struc-
ture design and optimization of the advanced SiO,,/SiO, composites.
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Fig.1  Structure of the plain woven SiO,/SiO, composite
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Fig.2 SiO,/SiO, composite prepared by sol-gel method
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Fig.3  Unit cell model of SiO,/SiO, composite
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Fig.4 Material direction of SiO, fiber in local coordinate
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Fig.5 Deformation curves of the material under tensile load

(a) ik

(b)) J13

E6 REMNAEZHTRINEREE
Fig.6 Contour of the cell deformation under periodical boundary condition

94 Wiz WEEEA - 201845 5615 50l



PN
RESEARCH mﬁl‘r&l

R2 HMEEYHEERATRTRANIRA

it Sz RF,/N RF,/N REy/N
£=0.01 95.8 304.5 472.0
£=0.01 913 1458.6 91.3
£=0.01 472.0 304.5 95.8
7,5=0.005, 7,,=0.005 1823 607.7 0
7,=0.003, 7,.=0.005 0 607.7 182.3
7=0.005, 7.,=0.005 197.2 0 1972

®3 EAMHBRTAEEEBFMSER

E-E. E, G,=G, G

/GPa /GPa /GPa /GPa

Vp=0y3 U3
52.78 48.97 43.74 47.32 0.161 0.173

T3 80, AT — (A i 2 n] A5 2 bR A A 56 JEE
2420 T18MPa, LA T Si0, ZF4E A HEH R BEAR R . R
TR BR I 1 25 FORHINE , i T BILAD (045 28 S A
FERFA TR LB 2 S SRS R AL | S P AR 2 T AR
/N, SRR LRI

3 #Zig

BT R R A R A BRI 50T T Rt
Si0,/Si0, B AR TCAE R & 8T )8 1 1 R i 28
FEARAE, I T AR 0 ANk H 8, EERIS5IS
T

(1) 2R FH JE 3 01 SR 2% AR AR e b i e T 5T 43
T P AT AR I R, % 1 s B o A AR T
FAE

(2) 3 1R 56 96 F T A R oG 2 W Si0,/
Si0, A MR s B AT AR B R M T A
R 9 A 5L

(3)Si0, 14k [ B () 1 555 V5 FRE e} 4 20235 44 il
Si0,/Si0, AR BMALE E=E., W& T Y [
YRS Ey, A B, 5D A A A R A

(4) 2% Si0,/Si0, B AR B R MREE 1.2, 2
R4 R = A ALBR, S AR SRR . % R BEHLFLER
FISZIR A5 B T4 A PROCARULE5 SR 0 T 5

2 & X #

(1] ARHZE, 20T, B, 5. AP A — AL B
BAPREH R 25 B RAE [J]. TCHLER TAll | 2014, 46(3): 23-40.

ZHU Jianjun, JIANG Deli, WEI Wei, et al. Preparation and
characterization of fiber—reinforced silica aerogel composites at ambient
pressure[J]. Inorganic Chemicals Industry, 2014, 46(3): 23-40.

[2] XU C M, WANG S W, HUANG X X, et al. Processing and
properties of unidirectional Si0,/Si0, composites[J]. Ceramics International,
2007, 33: 669-673.

[3] LIBB,ZHU J X, JIANG Y, et al. Processing and flexural

properties of 3D seven—directional braided (Si0,)/Si0, composites prepared
by silica sol-infiltration—sintering method[J]. Ceramics International, 2012,
38(3): 2209-2212.

[4] LIBB,LINL, ZHU J X, et al. Directionality effect on
mechanical properties of 3D n—directional braided (Si0,)/SiO, composites
prepared by silica sol-infiltration—sintering method[J]. Ceramics
International, 2012, 38(5): 4017-4021.

[S]  PRASAD N E, LOIDL D, VIJAYKUMAR M, et al. Elastic
properties of silica—silica continuous fibre-reinforced, ceramic matrix
composites|J]. Seripta Materialia, 2004, 50: 1121-1126.

[6] PRASAD N E, KUMARI S, KAMAT SV, et al. Fracture
behaviour of 2D-—weaved, silica—silica continuous fbre-reinforced,
ceramic—matrix composites (CFCCs)[J]. Engineering Fracture Mechanics,
2004 , 71 (18): 2589-2605.

(7] SREGE . SREFR], ERMS, 45, 25D SV A RS,
T SGHAFPERERITIT [J]. REGFEFRHYE |, 2017(1): 18-21.

GUO Ruiyan, ZHANG Guoli, WANG Zhipeng, et al. Investigation
on structure and tensile properties of 2.5D fabric reinforced composites|J].
Tianjin Textile Science & Technology, 2017(1): 18-21.

[8]  XUZ5. AMLFAELUEEHRT SRR AR Ty 25 b R
SEIBTSE [D]. HEA : B SULZS AR R L 2013,

LIU Yong. Influence of quartz fabric structure on the mechanical
properties of silica matrix composites[D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2013.

[91  SRAELSC, JEHRME , AL SR &5 HhLFLERT Si0,/Si0, &
BHRLSR B (OS2 [T]. FRUMEL T2, 2017, 47(4): 48-50.

ZHANG Jingyi, FAN Jinpeng, DU Xuefei, et al. Effect of bending
fiber on tensile strength of Si0,; /Si0, composites[]]. Aerospace Materials &
Technology, 2017, 47(4): 48-50.

[10] JiFE. —AfLhE / FREMIRE SR I 5 S PERERTSE (D).
P BRPTRHL RS, 2012,

TANG Liang. Preparation and performance study of SiO,/epoxy composite
materials[D]. Xi” an: Shanxi University of Science & Technology, 2012.

(1] BRKLL, EFi , 0 . SUEEHIXT 2.5 Ge W 525 bR
B TR RE RN (1) B / S B RPRE, 2010(3): 44-47.

YANG Qiuhong, WANG Rui,XU Lei. Effect of fabric structure on
the impact dynamic mechanical properties of 2.5D fabric reinforced
composites|]]. Fiber Reinforced Plastics/Composites, 2010(3): 44-47.

[12] LIU Y, CHEN Z F, ZHU ] X, et al. Comparison of 3D four—
directional and five—directional braided Si0,/SiO, composites with respect
to mechanical properties and fracture hehavior[J]. Materials Science &
Engineering A, 2012, 558: 170-174.

[13] LIU Y, ZHU J X, CHEN Z F,et al. Mechanical behavior of
2.5D (shallow straight—joint) and 3D four—directional braided SiO,/SiO,
composites|]]. Ceramics International, 2012, 38(5): 4245-4251.

[14]  ABHIE . — Al A3 T AE S G 18 TS I P e B 0T B A k)
& S AERERF ST D). K10 - EIBRMEH AR RS | 2010.

SONG Yangxi. Preparation and properties for broadband wave—
transparent two dimensional silica fiber reinforced ceramic matrix

composites|D]. Changsha: National University of Defense Technology, 2010.

BIRERE: XIS, W5 RIBEE 0%, BF50 05 1) S 52 & k2
247128 A BRITH E, E—mail: Ixygiec@163.com,
(g K@)

20184E 55614 55010] - R MG EIA 95



