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Study on the Influence of Initial Defects on Thermal Residual
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Abstract: The thermal residual stress of C/SiC affects the service performance of the material, and the initial de-
fects affect the thermal residual stress, so it is necessary to study the relationship between initial defects and
thermal residual stress of plain weave C/SiC composites. The distribution characteristics of various initial de-
fects of the material are measured and computed by scanning electron microscopy (SEM) image of the sample,
and the representative volume unit (RVE) and fiber bundle RVE finite element model of the macroscopic mate-
rial with initial defects are established. The steady change temperature method and finite element computational
mechanics (FECM) method are used to predict the effective performance parameters and thermal residual stress
of fiber bundle RVE with initial defects. The results show that the stress prediction values are in identical with
test values, and the quantitative relationship between various initial defects and thermal residual stress of macro-
scopic materials are obtained.
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Fig.1 SEM of initial defects inside plain

weave C/SiC composite
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Table 1 Sample peeling angle value of interface layer
FEA G 5 HITE MBS/ () FEA G 5 HVE B/ ()
1 23.1 4 38.8
2 30. 4 5 44,9

3 36.0
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Table 2 Sample total pore volume of fibers

FEASGS BRI E R/ 0 ERALAERBIS /%
1 5.85 8.43
2 6. 35 9.64
3 7.02 10.71
4 7.35 11. 65
5 8.18 13.35
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Fig. 2 C/SiC layup and constraints
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Fig. 3 RVE finite element model of macroscopic material
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Fig. 4 RVE finite element model of fiber

bundle with initial defects
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Table 3 The in-plane direction thermal residual

stress of macro-material matrix
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Fig. 5 Effect of defect B on in-plane thermal residual

stress of macroscopic material matrix
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Fig. 6 Effect of defect C on in-plane thermal residual

stress of macroscopic material matrix
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Fig. 7 Effect of defect E on in-plane thermal residual

stress of macroscopic material matrix

WP 249 5 S L i 2] B 0 o X 2% WA e
PATHT PN 7 18] FBR AR L ) B8 82 0 AR B /MU D
ALE.C.B. R4 18 i il 2 25 17 vk 05 T 45 2
F A0 U R B 55 5 LA R R A T 9 R R R N 2
) By s B W OC &R L BVIET 5~ 81 7 gy il i R A
G2

4 4 &

(1) H TR W% w7 F a4 8L C/SicC

SLA PR R T A T 1) B AR AR L D BN S
TR0 (R0 L RICR B UE T T vk 1) L 0 1
R,

(2) 55 BB BRI L L 25 200t SR B 1Y 77
T 24908 7 WA A 2 AT N 7 1) R Bk v B ) A R
SR WS R S U 20 U e ok % WA R
EATHT A BB A% I T B 5 I AR B /NI A < R B8
B L LT U AR RS A GEA RO AR R B 22 2
2 ) FLA L 5T )2 R K 2T A TR S SUAR LA

(3) W RSB E T ARG B S
% WA AR AR THT PN R AR B ) 22 T B RS G 2R
ORI R S TR N R 2%

2% 3k

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

[2] CHRISTIN F. Design, fabrication, and application of ther-
mostructural composites( TSC) like C/C, C/SiC, and SiC/
SiC composites[ J]. Advanced Engineering Materials, 2002,
4(12): 903-912.

[3] MEI H. Measurement and calculation of thermal residual
stress in fiber reinforced ceramic matrix composites[ ] ].
Composites Science and Technology, 2008, 68 (15/16):
3285-3292.

(4] ®eal, TR, AW, . PRLFAER 5SS AR R
WIRA NI WEFE[)]. TR 1%, 2009, 26(5): 251-256.
ZHAO Yanru, LEI Zhenkun, XING Yongming, et al. Re-
search of interface thermal residual stress in single fiber res-
in matrix composites[ J]. Engineering Mechanics, 2009, 26
(5): 251-256. (in Chinese)

(5] ki, b, IhHits, 55, & SRR & b RHAER A R )

SEBTLI]. BRI 424, 2010, 31(2): 142-148.
ZHANG Boming, YANG Zhong. SUN Xinyang, et al.
Thermal residual stress analysis of composite containing in-
terphase phase[ J]. Acta Mechanica Solida Sinica, 2010, 31
(2): 142-148. (in Chinese)

[6] KIMSS, MURAYAMA H., KAGEYAMA K, et al. Study
on the curing process for carbon/epoxy composites to reduce
thermal residual stress[J]. Composites Part A: Applied
Science and Manufacturing, 2012, 43(8): 1197-1202.

[7] HARDIMAN M, VAUGHAN T, MCCARTHY C. The
effect of microscale residual stress from thermal cooldown
on the nanoindentation properties of fibre-reinforced com-
posites[]J]. Journal of Composite Materials, 2016(2); 1-
12.

[8] CHOO H, BOURKE M A M, DAYMOND M R. A finite-



5 3

FE PR SE « ORH9) 8 kB X - S 2L C/SiC

2 BHRHATE A3 B 108 1 B 5 337

9]

L10]

[11]

[12]

[13]

element analysis of the inelastic relaxation of thermal resid-
ual stress in continuous-fiber-reinforced composites [ J ].
Composites Science & Technology. 2001, 61(12); 1757-
1772.

JUMBO F S, ASHCROFT I A, CROCOMBE A D, et al.
Prediction of composite properties from a representative vol-
ume element[J]. International Journal of Adhesion and Ad-
hesives, 2010, 30(7): 523-538.

e, SREAZEE, WA . S RAURE R SREEIEE A MR
PIRARDL WA RIS AT )], =AM, 2011, 28
(1): 166-171.

LI Weixue, ZHANG Hujun, DAI Jianfeng, et al. Finite el-
ement analysis of thermal residual stress in Carbon nano-
tubes-reinforced Mg-matrix composites[J]. Acta Materiae

Compositae Sinica, 2011, 28(1): 166-171. (in Chinese)

BB, FaUmEl C/SiC &4 MR ER A I 7 A5 H0R 43 17
[J]. #E5#EL, 2012, 39(1) . 49-56.
LU Yi. Simulation and analysis of thermal residual stress in

plain weave C/SiC composites[ J]. Structure & Environ-
ment Engineering, 2012, 39(1): 49-56. (in Chinese)
BRERVL. EAF . BRXE . S, MR G XA 4L C/SiC 2
AR I R B L], PULE ¥ S HER, 2015, 34
(2): 311-314.

YAO Leijiang, WANG Meng, CHEN Liuding, et al.
Effect of initial defects on thermal expansion coefficient of
plain weave C/SiC composites[]J]. Mechanical Science and
Technology, 2015, 34(2): 311-314. (in Chinese)
PhE. 2D C/SiC BRI i AR 46 I 5 3 4 [T ],
2, 2008, 25(5): 85-90.

SUN Lei.

SiC defects[J]. Acta Materiae Compositae Sinica, 2008, 25

A MR

Nondestructive testing and evaluation of 2D C/

[14]

[15]

[16]

(5): 85-90. (in Chinese)

BEASE, gk, B IR L 2T 2 52 5 BEORE Y BAER A N T B 43
1], AR, 2011, 254 115-130.

FAN Jianping, ZHANG Bin. Numerical analysis of thermal
residual stress in resin matrix composites[ J ]. Materials Re-
view, 2011, 25(4): 115-130. (in Chinese)

AL, T I A A R v A5 UL TR Iy ok S B Bk 5
SEMHIET]. WL Tk K224, 2008, 36(5): 587-590.

WU Zuxian, GAO Zijun. Using the equivalent cooling
method to simulate prestressing to realize the shape finding
of the stringed beam structure[J]. Journal of Zhejiang Uni-
versity of Technology, 2008, 36(5): 587-590. (in Chinese)
MEHE, Wk 6, skar A, &5 2 4B C/SIC & & bR B4 it
P37 1o Bt A BOUL 5 R R A (D). Bk R R 244l 2007, 35
(2): 137-143.

MEI Hui, CHENG Laifei, ZHANG Litong, et al. Damage
evolution and microstructural characterization of a cross-
woven C/SiC composite under tensile loading[J]. Journal of

the Chinese Ceramic Society, 2007, 35(2): 137-143. (in
Chinese)

E& &I

)

B

g

BEBKHA995—), B B LR AE, EERTT M. WEEL
R 53 BT 75 2 St 40 A M
BRA1963—) B ML B S, BRI 0. R
B REHR I B kAT AR T
WEITA973—) I WL i e, EEIRTT MWK
A BRI B A )2

(445 LF815)





