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Table 1 Elastic parameters of 2. 5D C/SiC composites

E1 /GPa Eg /GPa Eov /GPa (}12 /GPa (,;23 /GPa (,;13 /GPa Vi2 V23 Vi3
45 23.5 15 5.3 3.4 3.4 0.16 0.2 0. 14
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Table 2  Stiffness coefficients of 2. 5D C/SiC composites
CHH /GPa C]]zz /GPa (:1\33 /GPH (:zzq@ta (:2222 /GPH (:2233 /GPa
52.55 11.43 9. 64 TN 27.56 7.11
Css /GPH Cs322 /GP& Cssss /GPH Q(\Qg‘@lz /GPa Cas23 /GPH Csis1 /GPEI
9. 64 7.11 17.77 (ONT5. 3 3.4 3.4
C
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Table gent modulus of 2. 5D C/SiC composites
TaN
Cii1 /GPa Cliz2 /GPa V@\lxs /GPa C211 /GPa Chaz2 /GPa Choss /GPa
24. 31 11.43 V)07 9. 64 11.43 14.83 7.11
Cisn1 /GPa Clsze /Gﬁé\C: b\f’ Clsss /GPa Clo12 /GPa Csj)g(@}f‘%\’ Cls1s /GPa
9. 64 7,(1\1 (Y 17.77 1.51 NESE 3.1
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Table 4 Fitted parameters of constitutive model for
2. 5D C/SiC composites

Damage direction kij koij €0ij
Warp(ij—11) 180 —13500  0.001
Weft (ij=22) 250 —13 500 0.001 680
In-plane shear (ij=12) 550 —130 000 0.002 346
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Table 5 Damage coupling relationship coefficients of

2. 5D C/SiC composites

Alﬁ A'_)ﬁ Aﬁl A62 BlG BZG
0.01 0. 25 0. 005 0.125 38 000 —230
Ba B Cis Cos Ce1 Cs
1523 —1 440 0.000 1 0.000 1 0.000 1 0.000 1

K B R A 0GR T AR IR B A S Y
2.5D C/SiC ’Eé‘ﬂﬂ%%ﬁﬁﬂﬁﬁﬁiﬁgﬁﬂjﬁ
AR 2 X LA 5 BR @

7)

40

30
<
a
s 7
2 20 V
5 Z
& /

10 -

— Test
— — Calculated
n 1 1 1 1 1 1 n
0 0.05 0.10 0.5 020 025 030 035
o Strain/%
95 A 2.5D C/SC AP 50)°
B0 97 - 2 1 e % L C%D
Fig.5 Comparison between calculated and test o le
stress-strain curves with damage cou ir%
2.5D C/SiC composites o
(0)
AL, BT R e IR TR £

ik th 4wy & 8ar, B SCR RS & & ]
FF Ak 2.5D C/SIC & A AR e Bl L 7 1 A%
i<k .
& i
(D JFRET 2.5D C/SiIC EAaMRgY 4y
A5 i il 77 1) 7 A B T PN B D)L %Mﬁ—nj
LI 3 A, B s v B AR BE RS 2

(2) BT HESW Ry T 2.5D C/
SICEAMB NG AR, ZEAEET 0
(L2051 ,90° (L2 Jy 1) Fir A K 1 N 35 11 3 4~ 45}
BB, AERTFRE SR fE N FE R T R, R
i fb L 72

(3) ¥ AMRIR g A A BRITE A ANSYS F##
JPEAT kP R . B A R JC IR B T M ORHE

4

Oz A L 90° o At N TAT P BY U1 24 Af T 1% 1z g -1z 72 iy
g, IMRERSAB ML A, mRREKKR
4.30%.3.09% & 3.73%.

(4) TEAHE J7 7 vh 2% 1 P 55 Y 0 R 6 %
L PR T A b g Jy-n AR g, THAA i
i ge th 2w & #5847 .

Hf -

@ 1] CHAWLA K K. Ceramic matrix composites [ M ]. New
York: Springer, 2003: 1-10.
PAAE. 21 R CHLE S BUDE R 5 s R T .

i 2 il 3 H AR, 2009(17) : 38-44.

[2]

LIANG C H. Advance program and key technology for 21st

century large commercial jet engine[ J]. Aeronautical Manu-

facturing Technology 9(17): 38-44 (in Chinese).

fpkamk, IME. ﬁ%&ﬁi%ﬁ%%%ﬁﬁﬂﬂ%ﬂ%i&
N CERE AR . 2009, 28(6): 1197-1202.

. Progress and application of carbon fibers re-

arbide ceramic matrix composites[ J]. Bulle-

in Chinese).
BTG, INVERD. EAOE. 4. 2.5 4k C/SIC & R i

fEREL]. ZAMEA, 2012, 29(2) . 192—@
KONG CY, SUN Z G, GAO X G, et al. Tenstté)property of
(o]
. Acta Materiae

]

Compositae Sinica, 2012, 29(2): ) (in Chinese).
fLAEIT, INVER, &AL, ’fbA C/SiC &4 Bk} A g A5
TR0 wem L. 4. 2011, 26 (11): 2459-

o

[5]

2467,
KONG C ¥, .S %) » GAO X G, et al. Unit cell of 2. 5 di-
mensi S nd its stiffness prediction[ J]. Journal of

/\er@x ower, 2011, 26(11): 2459-2467 (in Chinese).
6 @MAZ A, DUCRET D, GUERJOUMA R E, et al. Elas-
%& ti¢ moduli of a 2.5D Cf/SiC composite: Experimental and
o theoretical estimates[ J]. Composites Science and Technolo-
gy, 2000, 60(6): 913-925.
MA J, XU Y, ZHANG L, et al. Microstructure character-
ization and tensile behavior of 2. 5D C/SiC composites fabrica-
ted by chemical vapor infiltration [ ]J]. Scripta Materialia,
2006, 54(11): 1967-1971.
BEM, BB, k. 2D-C/SIC & & MR 72 W47 R 45
YRR AL, e MRl 2005, 22(4): 81-85.
GUAN G Y, JIAO G Q. ZHANG Z G, et al. Uniaxial mac-

(8]

ro-mechanical property and failure mode of a 2D-woven C/SiC
composite[ J ]. Acta Materiae Compositae Sinica, 2005, 22
(4): 81-85 (in Chinese).

FNEE, B RIMAR. B i) A R R R L A AR
A AL) ] =AM R4, 2013, 30(4): 101-107.

(9]



+ 612 -

EEMHER

(10]

[11]

[12]

[13]

[14]

FANG G W, GAO X G, SONG Y D. Interface slip distribu-
tion of unidirectional fiber-reinforced ceramic matrix compos-
ites[J]. Acta Materiae Compositae Sinica, 2013, 30(4); 101-
107 (in Chinese).

XUBAS . RRBRF. LA B g5 = M. deat: E B Tolk i
iR, 2011 126-211.

LIU X D, HAO ] P. Continuum damage mechanics[ M]. Bei-
jing: National Defence Industry Press, 2011: 126-211 (in

Chinese).

[15]

GAO X G, LIL, SONG Y D. A temperature-dependent con- gg o

stitutive model for fiber reinforced ceramic matrix composf

and structural stress analysis[ J]. International Jou o

Damage Mechanics, 2014, 23(4) . 507-522. O

ods[J]. Spacecraft Recovery and Remote Sensing, 1996, 71
(3): 39-47 (in Chinese).

Fhe, mAOG, B8, A FHIBFLE A E R C/SIC &4 MR
BAESHOTRT]. i 31244, 2013, 28(6): 1257-1263.
LIL, GAO X G, SHIJ, et al. Calculation of needled C/SiC
composite elastic parameters in consideration of porosity[J].
Journal of Aerospace Power, 2013, 28(6): 1257-1263 (in
Chinese).

AR, SITEIT, XU, EEME LMD 2 . JEat. 3
He kA R AL, 2013 48-51.

SHEN G L, HU G K, LIU B. Mechanics of composite mate-
rials{ M. 2nd ed. Beijing: Tsinghua University Press, 2013
48-51 (in Chinese).

XS, RDEM, S, % IR e U dE L ) 52 & [17] W5, ANSYS W IT & Be i S i LML db st shE K
ek 3 S A 45 28 R A A 2 O L) 08 Bl 4. 2013, FIK B AL, 2012 1-140.

30(6): 221-226. lo) SHI F. Secondary development and application example ex-
LIU W X, ZHOU G M, %&@al. Continuum damage planation of ANSY;, @Beijing; China Waterpower Press,
model and damage identifications for composites 2012: 1-1 hinese) .

considering the effe shear nonlinearity[ J]. Acta Materiae [18] CAMUS eling of the mechanical behavior and damage
Compositae Sig 1%013. 30(6): 221-226 (in Chinese). processe¢&0f fibrous ceramic matrix composites: Application

of 2. 5-C/SiC composite under tensile loading[]]. Journa@

AR, ZA MR B DI R R AR, At

1996, 71(3): 39-47.

ZHAO Z H. Review for composite mateg% Shear test meth-
o)

SR

s

(o]

WANG Fang’

(1. Jiangsu Province Key Laboratory of Aerospace Power Sys

D SiC/SiCLI]. International Journal of Solids and
uctures 2000, 37(6): 919-942.

WESCSE, EW, W, S RS C/SIC R SR A MR
2B AR i Az A P B T LD, LR, 2014, 366D : 856-

861. @
foff-axis tensile

ZHEN W Q. WANG B, LI P, et al. r@
properties of plain-woven C/SiC co es[]]. Journal of
Mechanical Strength, 2014, 3?(66-861 (in Chinese).

o

Abstract: A continuum damage constitutive mmf 2. 5D C/SiC composites containing both tensile and shear

damage variables were established based on continuum damage mechanics. Tensile and shear tests were conducted to
obtain the stress-strain curves, and the test curves were fitted to obtain parameters of damage variable evolution.
The constitutive model was then embedded into commercial finite element software ANSYS by subroutine technology
and the finite element method was used to calculate the stress-strain curves of materials. The coupling effect of ten-
sile and shear damage was considered. The stress-strain curves under off-axis tensile condition was calculated. The
results show that the stress-strain curves along warp and weft direction tensile and in-plane shear agree well with the
test results and the maximum deviation are respectively 4. 30%, 3.09% and 3.73%; the calculated off-axis tensile
stress-strain curve is also consistent with the test data.

2.5D C/SiC composites; continuum damage mechanics; constitutive model; secondary development;
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