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Mechanical Property of Carbon Fiber Composites

DUAN Yu-xi, ZHANG Kai", XU Wei-fang, CHEN Jun-hong, GONG Qin

(Institute of Systems Engineering, China Academy of Engineering Physics, Sichuan Mianyang 621999, China)

ABSTRACT: The work aims to explore recent advancements in the mechanical properties of carbon fiber composites for
thermal structural applications, with the objective of promoting the development and utilization of carbon fiber composites.
Through a comprehensive literature review, the current research status on the mechanical properties of carbon fiber
composites was summarized, and the factors affecting the static and dynamic mechanical properties of 2D composites,
needled composites, and 3D woven composites were analyzed. The results indicate that factors affecting the static and
dynamic mechanical properties of carbon fiber composites include temperature, strain rate, density, et al. And further
investigations are necessary in multi-factor coupling and high temperature dynamic properties of carbon fiber composites.
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Fig.1 Fracture appearance of C/SiC composite in bending test!!”’

PR S A TR 4 AR AT 5E WA BEAT T Ab T, SRR
WY, 72 0 HR s A4 56 2 ) o7 SR AR B A AR T X
WA W AR T s DA ARG, RN T 5
SEMAHE O o B e A5 POR ] 3 g SR R B AR AT A
SEM SR EMIIT T HERR/BRALRE 5 R B )
FEREAI R AL o SRR, 5 N AE R HUR 2
IRl A0, (A ARE RSO 2 LB R i, X
U 2SR R RE RN ), e SR BN AR B A5
s R TR . 280 BIRWESE R B, —ZEmR/AR L
T A2 A AR — i AR A S, 77 A8 A R Al
ROV, ELAPRH 55 B2 52 313 E B R

1.3 ZEB/REREESHR
Naik EPUFF] SHPB %% & 7F 680~2 890 s ' [y )i

75 0 B PR R S 2 3R B IR A MR T T R
PERERFSE , 45 RM, 70 @ AR RN T Ak 72
PR BE FLAE e S A I AT TR T, (EL7E w5 I AR SR ] N
AR R NF 45 P RE TG 35 R . Zhang %6 PR R [R] b AR
F(4x107°~160 s ') T X/ EM N Z S T T
ERAS AR IRL . 25 R, AR h R PERE R
AN AR AR M, LR | LR AR R IR N A 1
I 5 3 78 S 3R (18 T A, L) A R A g A
B A LA 5 7 A8 TR 1 2R BSOS B (B AN (R
WERRAS 20 AR AR R R Y i . Rouf Z525E
TR i o S N S A 2R 00 X w /R E A R B A b
AR ARG NI T T AN BRI S . S5 RE , AR
N AE R MR I 2E N AP AE 22 5, AR 16 s
ik A 7o 5 B R 50 T o R AS BN T 16%, 72 R AR R



Faak 21

B, 2. WREHER AR A TERERT ST I -39 -

160 s 1Y R 4 et IR 7 3 0568 A 60 1 R A 40
BT 94% . 96%.

iR AE R AN bR RE A 32 TR 52 . Ou
SRR IE TN EE A MORE 6 R (25, 0.
25.50. 75, 100 °C ) M4 F Byhr it ge M A 114 o
ZERRIE, MR LN 75 °CTFE 100 °CHf, #RHR L
HERE TR T 21%; MiREM-25 °CTFE 75 °CHY,
POBHhL A B AR R AR ARk #E 25 °CTF, Mk
F I FEAEAR IR A SR T B9 4 4 = T 30.2% .
32.1%; MERIE B SRR G, IR T i
T 272 5 3R 45 G 0m BE AR, U5 2R 4R e
B X3 4 S IR ARG, (—183 °C) R
L1 YE 3G R R IR B A2 G M RHZ G ARGEEA T T b A A S i
R, AR5 T A RE B ARER IR T iy S bERE . 4550
T, SEEAALL, ERAGER TR R R T R
T 9.5%, X FEEE DI AR 0 W4 A 2T 4k 5 R s
ZIETE R T 5 E ;. MR R R R BT T 6.2%,
JE DR R I 40T 8 1032 2l 32 R 5 4R A 251 i i 38 R
R BT T 54.75% . 11.64%, B F
TR R, $E 6 T AR BT VI Z AR 1o SR )
SRR EE M EL , 36 25 7 A5 O 2 i A R 30 ) 14
TIREELH (25, =55, =120, —183 °C) KHF5¢ CFRP
bR, 45 REY, MR H 25 °CREE-183°C
W, WA RE Y Sl B AR A BT T 66.7% .
10.3%, PRI A 45 3 5 AT AL HAE B EDTIE

e FR BT R &I, 4R/ AR s S
ARk 37 3] 107 AR 2R RN E B2 IR o ARER B A 122 P
Wil AR I TG I, 24N AR R m ),
PR 20 R 45 558 52 9 52 ) O AN ;. #E-183~100 °Cyig
FRL A, Rk ) Ao i BB 22 S 180 FR ek i R 2, A sk i)
560 5 o o TR ) AT 1 T o

2 HREEMHNF1ERE

TE P A f i A b, e 7R A — il 2= B ) 21
Y2 RAESZ L HE SNV J= e L Aol Al A 80 0 1) ok
FEHRILAGIA 2 M 2R 4ERY T35, 98 B 2 ) £F 4k
HERZ M E AR, B RIS AR,

2.1 BESHFERE

TAOLES K A ] 2 S BOE W B AR B TERE . 254
AR Sr 2 1 AR A AL I B IR /B AR AT T
WA AN =m0 25 e , A AL B i SR P e 2
(] AR T k35, 0 2T 24— R S URA) il A B 1
g946, P HER MR BB E R THE . O T RS
B T2 S B0 B 2T 4 5 A DRI, R i A )
AT 300 25 2 MV TR J3E g A8 40 E A7 17 1 PAYE R 8] 5
DI, S5 RERN, BREFYREH A S 5 A T P L fi
VEREBEE B R %2 B2 R B A 0 52 T B 3, )= 1) 5

VIPERE R B B . R BE B34 0 2 S 3 5 Dk 4
LB SR BE X R4} 7 27 B B4 5 Wi EU BT o 28 K fi
BT P R AR (1,70, 1.82, 1.89 g/em’)
TR R RE AR AT T AN . A X R IR &
B, W/ B A AR o Ao ik B I 2 %% 1) T v T
%, ELR 2 B ARG £F 4 5 3 R (0] 9 45 4 3 8 O i
255 W 5 ARk 14 e 4 58k 13 R 5 LI 58 8 o 2 5 T 1Y
BRI THE R TR LA LARBIE T AL,
SR A A AR B A i R o B % B £ i M BB Y 5
Wi, AR AR BE . BT B . BT RIR B R, X
LRI L SR T VR R R UIsR S TR
Ao FEARARL, OB SN R B R L B
BIRIVRRE , A R 27 - R Am f SR E, ES50E
T A R 1 1 7 1) A R T R R R SR 2 A
S 1 0E ) L R G TR S EObE e 1) i B
TR

ke Dl AV P S F AR AR X B R R b
BT T AR A R a5 Uk, #Foe &8, 78
WL 1800 °CYu [N, BEERIEM TR, FiAkm sk
AFNL ST B WREHL, AR A BY D7) s B R 2T 2 5 i 4
Ko PHrwt HCiREWT 2L (4 SEM IR B, iRkE 1 b
2Rt B R AR b T AE Ak, FE IR T AR R R
SAPEWTZL, 7E 700~1 800 °CA1E T, RPN MarE WL,
TR, Wi b, HCer 4kt . 2
B2 1 o B i B AR R B TR AR E R OB T
SPEREUEAT T, Z5REW, MIEEMKT 1600 °C
BF, AR PR SR TR R S RN K SR
KT 1600 °CJe, At hir fhoi 5 bifi 25 5 B ) T i B
SRR, LI B R, i e 5 P o A5 AR i, SR
PR B — R TR &, 45 A U 1 2ER R
WRIE T ARG Fr 2R .l T iR A S R A B, 2
[ RPIR0 8N W e SEA B4 0 T4 a7 T A 2 YOk
PR A 2 6] 2 AR, T AP A e PR AR X 2y
2 TR I S s VP oy P 1 1 9 B ke S /= N S I
TI-NAE KRB W AR LM R, TR AN E 4R
W, BRI 7R AR 2R IR A LA ELR PEAE L R 3=
FE TE 47T AR 38 56 v 7 e i e A A o A o R v B AR
AN BRI 5 A AR RS T 2 e 2 BR
IR AR 2 B 5200, A REI 58 BEE 700 °CLLTF B Bifi 45 ik
FERy B AR, HAEPRE T 700 °CJm B B 1 T+
AR R s MRS DRI B W R A AR R
LB 2 30 A T v PR AR B R R B, e i O L v
Lotk HLELAT W AR RN, B AR IR th S e R £ 5
2.2 HENFERE

RGPV 3 X 4 AR R AT X AT e
fEREE A REAT T IR T RShS R4, Motk
PR U R D SR, H B R AR RN, BB
07 AF A T e R 4 s R R, Li AEUSR S 4



.20 - @ TR

2023 4E 11 H

ARFPIFGE T IR RN 107°~6.5x10° s i E il 2
300 °CIFXIATRHTE 4 g 22 P BE B A 2, Fie
1HEEI 5 R G FECHIE , RVEFI S A bR 22 i) R4
] R 45 8 LA 0 7 AR U, HE il R B, 7E
o 28 SR BRI TR SR L Jin 2RO ] SHPB
( Split Hopkinson Pressure Bar ) 7£ 2 ifi A1 300 °C Il
T AFRIRASZ (2.08x107%~1 862.9 s') W4 HlHk/
WA B A BHE AR WA TSR R 5, 45 R R,
A I s 20 500 8 i A 7 8 SRS R BE (R 1 i ni g m, 5
RS 1A VEREAIL ;. TEERRS ST, BRI
BTN AR A £ A AR IR, AR AR £F

e 5 mm/minfilZRF TR R EE

ek (B 2); EahSRE, BORN S 7E 911
TP ML PER N, (R4 B R R PR IS 20 T %,
AR R IR R A0, AR N o

WAL, A BT AR R B S A A AT T
SAEE N Jin AEPOLRZE T BRI RR R SR A R Bh A TR
FAA IR EE , I T ICEC AR R, T LATR
DT AR &R A ARG TR 50 B, 7% IR A5 R )
AR (1), 7£300 CEATF L (2),

_{am4gs+Lu7 £<385.1257"
o,/o, =

1
0.6591g£-0.489 £>385.125" @

500 pm

b 0.05 mm/minfINZERIZE T LT AR E

p—— L e

f 5 mm/minfil#E T R B SR R T ORI

B2 300 °C T §HRIBR/RE & WG 10
Fig.2 Failure modes of needle-punched C/C composites at 300 °C*¢



Faak 21

B, 2. WREHER AR A TERERT ST I <41 -

0.0421gé+1.155 £<431.225""
O[Oy = . . L @)
1.1161gé—-1.759 £>431.22s
ﬁqjl Osr~ Osh ﬁ?ﬁ%?ﬁ?ﬂ@}f?ﬁgﬁ@z; Ocr~ Och
NI EARREE ; & NI,

3 ZHFAEGTMRNFHER

=G UL SRR i AR D7 1) B4 £ 4k FR B
. BAZERPLRGH I E SR BT ZHZ S
EAMEAERE SR, —HRAE SR AAE
LIROE S GNP LTEU R 7) i a1 1S3 ) D G

3.1 BSNFMEE

I ECTN LD | L RRRE 3 A AT, XA
[l g 2R AE R (PRACESRAEH | A HIRES Y . =1l 1E
SEEEH ) B ZHERREFAENLA AT TR RS B
it RIS IIGL, JEXS A TR 1B R RE
BRI R B, 5B ERAS M R A HRES A I, =
If) 1E 5S4 R ) 22 1) P RE S A, (EL G PERE AT oy
.z A R P RE AR R B DI RE S A, ER
AEVERERL2E o FEXRTRFRE T M PEBE BOREL R A 2R 1F T
SR IESE N o R LSRRG T MR AT AR B
(B PR L RS A AR R R LU B ) A2
2 Ji it A 1 fAR PR RE R, 1R DL A |
ALK . AR BT FIEAC 4 MO IR 45
KUY, BB S BARIRAM L, i T SR ERTELT
AEORBUE AR RO HT B2 T 2220 Ml R AR, PR AT
R PERE I R TS S Tk s B AC I S TR A HRZE M A
Lo, P R MR A Y, (ERTE AP R S T
A, SR EREE LS s B AR S R A ERAE
HALE, HiI& L 4ER RS g R T e &, (22
thRE R e TR, SFECLZ A LRI TR
5 WFIER LW R 28 [ P AR PE REAR AL T HAL 3 Fhah
Ha A B S O 3 o 2RI A5 R FMGONE 1 % 1 IR AL
LU = HEIESTHLA IR BT I PEREHEAT T LA, 45
KU, FEMFES BN M IFIORRZE S T ilg 2
RHIT 2 4% 1 PFAEURE, DRI g0 25 S A HEAf
A FFIRUE . #5155 SO 5T T 22 1) £ A (R R LE RS AL
LE MR AR RERI R, 4R SRN], HIr Ry
Jroe Ve RERE S AR B i 3 G, a5 2R 5k
LT P S SRR . X T S A m U A AR, Hod
ZIZER | 21 e VR R B B RN 22 20 it il 3R A AR 2 i A
ARSI 2 IERE . X T 2G5, SRATIE S 45 F A1
B2 PERER LTS , SRR S ERAS A A bR A4 2
] P RE S 5 7 HEORBLE BRI AR F A 1 e
HAEAE, 22 ih 3R 005 2k 5 m 4

T FE 22 500 = ARGV A BRI PR L X A
MR T =4e U G MR T IR RAERE (-80°C) T
M AT, A5RR, RIRFREN TR R 2

e — B MCEVERT s A R YRR, 0RE 1Y 28 A
2 PR A v R AN TR AR R ) e IR DT 28 A 2k X s A
SRR R RO Mk T AR 2 22 B A R0y il HE 2=
100 °C. 150 °C. 180 °C I Xf = &k U i) B 2T 4k /PR A B
B A MEET T Hi RS, 25/ EW, MERER
Thir, AOREE DN B A5 B AR AL R K, AR
i) 45 50 3 W 25 R B o AR AR Y0 B R
800 °C. 900 °CFXf =4 U [l i /i B & M REE T T
PrARIRES, W5 T AR R R ) 2E e RE . 45 R R,
FEE TR E 900 °CEEIP, R hr A AR B % 5
(OBANETTE: N

AR WFFE N BN [RIZ5 A0 52 A PR g 22 1 et
177 He# . Siddique % = 4k S0R = 4 ff H 8%
21 Y 52 A BRI 2 18] W 24 ) 1 R T AL BR AT T F
5%, MK T ARHEARTF IR (0.5~100 mm/min )
FHIBIREIE T . G5 R, A B AR AR
Rt o B4 gy RSV R SRR D) e e R €
QU R, WK T AT eeE, HR80 A NG A
A3 I 25 100 250 S 0 B A /S o T B B SN Al
ARG, Bl ] JGA A/ RRER ] 3 Rl R iR/
WE AWM BT T i ERe tbde, gk, KR
Al iy 7 e 5 R 5l ) £ A ) R RN AR R SRS
K, X Rh R R, SRl 1 2 S5 R B e
SR TG LR A7 /P B B 00 45 RA B eI 5 % A48 1) 251 5
JE RN 1) FE 450, 3 RhASAAR 2 5 b T A% ) HE 4
BE, JCERAR /G ET A0 AR fe s, SR il e 1 G
ZULER R e M1
3.2 EMENFERE

% 9 AR IO i R A 2 % 4 FR AT IS T S TR
AR =Yg SR AR R R | AR 5 N AR R A
Khde, R T =42 2 A B sh S gE
i AR I T A BRI R R, AR BB P RE B
AR ZRAON LA AR RN 5 K, 7 B R AR R A 3
TITTHE IS, (LA ARk 14) 2 B0 7 A5 i 5 17 25 238 114) 1§ o i i
/o Pankow ZEUTINE = 4 IE S HLAVE AR RNEAT T
W&, dim ), moh (km) shS R, oF
FERIL, B RS ZAGHEIN, MRS T I ) A
AU AR, HARMOB A Fr s . ZE T N R4
DISEARTF 2R 2 0 BB RS, fEiE s A mak T
2T 2k 2 285 0 PR A R Sk S AR iR 5 %) 34 T i 1 7E
T ARG, S35 2 P o S 5 A 43 )2 5 A8 T
BN Rl B SHPB 06 R S5 58 K T = 4L
ZUL A MRS 45 A5 U5, JFE it — 4 DIC
( Digital Image Correlation ) £ AR5 T AR A
NARSG o WFSE KB, BIEF 2RV £F 4k 7 1) (1) Bh 75 R 4 ikt
JE T KT 3 AR 4R T 1) 5 BREFYEAE 2 A5 ) B 121k
REXS LA W AR SRR o Forp, W 2R 47 1) 19 B A TR 46
558 I 2 7 AR SR A HEIN 2 SIS DN, TR



- 42 - 1 % T f&

2023 4E 11 A

AT Ay ) 9 3 25 R 4 5 P T 7 A SRR (1 1 i L e
PR IS . Nakai VR A2 4 kT X6 15 52 Al ik
HIRR AT A 2 A A BHIEAT T 3h S 40105, WFos 281,
PR B B b e 5 B Bl 2 3 B2 1 R (20~80 °C) i
BRI IR, Horp, TE PR 8] AT 2 ) B R 4 5 P A
VG 0L AR R v T A5 1 G T s BE S AR SR
Tt 3 A F AR ] AR BR 458 (BEIRR )
BRI BT, TR BR R 4 AR SR T R B IR R T A7 F
TR RN 87 A A R MR AR . Li SEPOMl F A 4 R
FxF = 4k 2 5h 4 G 51 230/ B A AR T T 3h
FEAERES, WFIE T APBHE SN AR R T s Sk RE . 45
RFRW, TE—EWEHEMA (25~100°C ), FEE R KT}
T, AR SR B B S RRAIG, B2, BRI R R
R, (AL IR . G T 2 Lo (v B v A
FEF e i B LG B B3, AR SRR &
IR R Bl R AR R A ETE (600~1 900 s7'), #1
R PR R eI e 55 ) W S R = VA ARE N N B
PR+ VR R

4 45iE

Bk £1 4 S5 BHRL ) 3 2 PR REAZ B 22 07 T R Y
SO, TRABIETE B AR AT O A i Uk ) e Je HAy EE L
TEH

1) M T AL SRR, HES T2t fE
2R HBORES R, fLBA | B, Hirf
PERE 2 h 2P AR PERE R o [ I 52 39 3L BE Y 52
M, Q05 R B R A T i S e R I e BB
A B A ) 2k R 2 237 33 B N AR R B R WL, AR
F14 56k 5 it 3 38 1) T g TR S22 e e el i 8 B
AR RE B TE, AR SR BE RGO, E 4 R A g 1
AR (I HESRBOR AN 1 #E— DA S8R T
[ J2 A Fp AR SRR MBI PE AT B VI RE ) b

2) M TE R AL SRR, H S T2k g
SRR . T ASHONE B AF A o B 5L Y T
19, AR5 S S e R A R, LR R e
PO ATV B LR L BT R R S R e
A, A B A5 B R e, G2 [ 5 1) o R
LIRS MBI T PR 2 2 2
il JEE R AR R R0, it TR N AR AR ) BT
FARE A4 T 26 58 K2 HE O, B AR R AU o BRI
PR e 45 PE REFNZ 18] 35 VIV RE D5 0 BTS2, i
FENL R BE DT T I DF TSR, n e — BB SE sh A S f
I8 77 T

3) W T = mBURLF AL SR, HEAS )2
PEBRE SRR EEHY | IRE R, WAL A
Al B R A 1 PERERI AN, bR AEATR S /Y
SE IO FR R BE A I AR, R AR A2
PEREHAT — & AYIGSRAE T, o TR AR A7 i 4 e

et . MRS 1 R RE R BRI | AR R
SR, BEFRELE TR, ORI R TR RE S T R
e, BEE LR TR, MR R RE L LT
e, HARSZ S35 1) (PR REA B 22 5% o AT XHZ2eptokt
A S A ERETT 1 AT 5T R TP R 4E b, iR
— L RAWT G LA AN S LI T7 1

4) XT3 FE R 4SS AR RE, —
225 LA R SN R 5 T 1) 58 L B, (HHR W) B )
PERERL2E, Dy R IZ 5 SHRISS A T 2 548
Hy, FZMEREAT 2G5k, [ELEF 4t )= 07 1 MR RE 2
BRI R 5 SR = 2 g 2145 0 HL SR VE RE RS
B85ty 2%, HAEA 92007 T MR PEREA B
ZNCIE

N T HEE BT HE S S ORI AN T, 8
LSRN IR KB, b T AE LT O IR AT o R
WF5E 22 5050 BULA P ST 9 52 i) R 3R 6 1) 2 1
RERISEIA AT T 4007, W LAZEG 3B AS [ DXL 3R 52 o 4
BHEBE AR , 7R S BRI 25 5 25 07 T TR 3R 1k
FROENSEG WAGE SRR TR 3R,
(B2 AT A BIF 5 3 A rp 7 i 25 O 7 R A e i
J1=EPERE, B wily AT VR R 1 2P R s B T4
AN, T LS R Bl A 110 T R 0, X LA 3 R
S PRIE T Bk £ 4 S G AR AR L R A A
FIE AT UL, A7 06 BEREA T3 T B 2T 4 525 AR e I
AR, T R AR I T R 4R
BB B T2 A PERERT ST

S E k-

[1] JEs2, R, B, 5. WX R 4E R on 2 5 Mok

J12E AT R B WSS HE SR (D). 16 a5 MR, 2022,
42(4): 56-58.
TANG Liang, WANG Deng, QU lJian, et al. Research
Progress on the Effect of Temperature on Mechanical
Behavior of Carbon Fiber Reinforced Composites[J].
Metallurgy and Materials, 2022, 42(4): 56-58.

(2] ARAREB. 5T Z O A BB MiskEr e 2 A2 S FR
SPERERIRFSE[D]. H & ILRFPHE K, 2019: 1-4.
HAO Zhen-na. Study on Mechanical Properties of Do-
pamine-Based Self-Polymerization Modified Carbon
Fiber and Its Composites[D]. Qingdao: Shandong Uni-
versity of Science and Technology, 2019: 1-4.

3] HWEZE, LE#R, LHE. ZfZ R824 MEHR
JERNIERA . AL T | PIAK LR ) 2 N [)]. 2
BB, 2021, 38(8): 2459-2478.

ZHAI Jun-jun, WANG Lu-chen, KONG Xiang-xia. A
Review on Temperature Effect of 3D Multi-Directional

Braided composites: Heat Conduction, Thermal Expan-



Faak 21

B, 2. WREHER AR A TERERT ST I - 43 -

[10]

[11]

sion Properties and Mechanical Response[J]. Acta Ma-
teriac Compositae Sinica, 2021, 38(8): 2459-2478.

LEE K J, CHEN Z Y. Microstructure Study of
PAN-Pitch-Based Carbon-Carbon Composite[J]. Mate-
rials Chemistry and Physics, 2003, 82(2): 428-434.

DEL PUGLIA P, SHEIKH M A, HAYHURST D R.
Classification and Quantification of Initial Porosity in a
CMC Laminate[J]. Composites Part A: Applied Science
and Manufacturing, 2004, 35(2): 223-230.

A, HRMAAE, VRZER, . PIP 1L C/SiC Z A
RO A BT (0], 22 B TR 2 4 (11 R
2£0), 2016, 36(6): 55-60.

XU Ying, SHAO Bin-bin, XU Wei-wei, et al. Study on
Dynamic Mechanical Properties of Short Carbon Fiber
C/SiC Ceramic Matrix Composites[J]. Journal of Anhui
University of Science and Technology (Natural
Science), 2016, 36(6): 55-60.

R, BU/NAL, PRI, AE. EN C/C EA MR
s RD. b EA G S E R, 2019, 2909):
2142-2154.

LI He-jun, SHI Xiao-hong, SHEN Qing-liang, et al.
Research and Development of C/C Composites in Chi-
na[J]. The Chinese Journal of Nonferrous Metals, 2019,
29(9): 2142-2154.

REET, M. WREFAEW NI G AR R B T2
5 R AT, A TR, 2021, 42(14): 81-91.
SONG Xu-ding, PANG Li-sha. Research Advances in
Molding Technology and Application of Carbon Fiber
and Its Resin Matrix Composites[J]. Packaging Engi-
neering, 2021, 42(14): 81-91.

WRaE. LB Bk 2T 4k 52 5 BTRHZE S AR A PEREDT A
[D]. KifE: KE#EB T K2, 2016: 27-36.

CHEN Fei. Study on the Effect of Porosity on the Me-
chanical Properties of Carbon Fiber Composite Lami-
nates[D]. Dalian: Dalian University of Technology,
2016: 27-36.

Ul 2DC/IC B AR 12 IEREDF S [D]. MR B
IR BE Tl R, 2014: 39-58.

XU Kai. Study on Mechanical Properties of 2DC/C/C
Composites[D]. Harbin: Harbin Institute of Technology,
2014: 39-58.

NI B, WA, A, 5. MORALEH X c/C
APR I AT B (1], LR R R, 2003,
20(3): 671-676.

SUN Wan-chang, LI He-jun, BAI Rui-cheng, et al. In-

&

fluence of Matrix Microstructures on Mechanical Beha-
vior of C/C Composites[J]. Journal of Inorganic Mate-
rials, 2005, 20(3): 671-676.

[12]

[13]

[14]

[15]

[19]

TRHE. “HELL C/SiC B AR s EREDFSE (D).
P22 PEIE TR, 2003: 33-40.

GUO Hui.
Two-Dimensional Braided C/SiC Composites[D]. Xi'an:
Northwestern Polytechnical University, 2003: 33-40.
i, BRI, B3, & TR CSiCE AR
BERARERETTFT[I]. RE 53, 2009, 36(1): 22-26.
ZHANG Wei, LYU Sheng-li, LYU Yi, et al. Research of

Tensile Performance of 2D Weave C/SiC Compositesat

Study on Mechanical Properties of

High Temperature[J]. Structure & Environment Engi-
neering, 2009, 36(1): 22-26.

oL /A G AR R T E PERENESE (D).
MRS MR /RIE TR, 2021: 22-25.

DONG Shi-bo. Study on Mechanical Properties of Car-
bon/Silicon Carbide Composites at High Tempera-
ture[D]. Harbin: Harbin Institute of Technology, 2021:
22-25.

Arpss, SRRRSE, FrAff, 4. 2D-C/SIC A MEHE
2P Y R R AR BE DRI )], AL AR AR, 2011,
31(6): 92-95.

NIU Xue-bao, ZHANG Cheng-yu, QIAO Sheng-ru, et
al. Compressive Strength of 2D-C/SiC Composite at
High Temperature in Air[J]. Journal of Aeronautical
Materials, 2011, 31(6): 92-95.

YOON D H, LEE J W, KIM ] H, et al. Fracture Beha-
vior of C/SiC Composites at Elevated Temperature[J].
Journal of Mechanical Science and Technology, 2017,
31(8): 3647-3651.

BrRfhte, Tmife, jkma®, 55 Sia R CSiCE A
MR s R RE MK 0], [ B A R A ke, 2021,
43(6): 26-32.

CHEN Wei-hua, WANG Li-yan, ZHANG Han-yi, et al.
Mechanical Properties Test of C/SiC Composites in
High Temperature Air[J]. Journal of National University
of Defense Technology, 2021, 43(6): 26-32.

R, KA, R, . B EREE T 4 Sk AT 4
S B R R S AR 1 AT O D). SRR ) o,
2014, 29(3): 273-278.

SUO Tao, ZHANG Bu-sheng, TANG Zhong-bin, et al.
Compressive Behaviors of Continuous Carbon Fiber
Reinforced Silicon Carbide Composites at High Tem-
perature and High Strain Rate[J]. Journal of Experi-
mental Mechanics, 2014, 29(3): 273-278.

ZHANG Chao, REN T, ZHANG Xin-yue, et al. Study of
Dynamic Compressive Behaviors of 2D C/SiC Compo-
sites at Elevated Temperatures Based on In-Situ Obser-
vation[J].
2020, 40: 5103-5119.

Journal of the European Ceramic Society,



.« 44 -

1 % T f&

2023 4E 11 A

(20]

[21]

[22]

[24]

[25]

[26]

[27]

Wik, BRAL, BRTL, 4. 4k C/SICE ARRHER A
S PLH S 2 PERE[T]. B A MBI 2EH, 2016, 33(12):
2846-2853.

CHEN Xuan, CHENG Li, CHEN Wei, et al. Qua-
si-Static and Dynamic Tensile Mechanical Properties of
Two Dimensional C/SiC Composites[J]. Acta Materiae
Compositae Sinica, 2016, 33(12): 2846-2853.

NAIK N K, KAVALA V R. High Strain Rate Behavior
of Woven Fabric Composites under Compressive Load-
ing[J].
474(1/2): 301-311.

ZHANG Xue-jie, SHI Yan-chao, LI Zhong-xian. Expe-
rimental Study on the Tensile Behavior of Unidirection-
al and Plain Weave CFRP Laminates under Different

Materials Science and Engineering: A, 2008,

Strain Rates[J]. Composites Part B: Engineering, 2019,
164: 524-536.

ROUF K, SURATKAR A, IMBERT-BOYD J, et al. Ef-
fect of Strain Rate on the Transverse Tension and Com-
pression Behavior of a Unidirectional Non-Crimp Fabric
Carbon Fiber/Snap-Cure Epoxy Composite[J]. Mate-
rials, 2021, 14(23): 7314.

OU Yun-fu, ZHU De-ju, ZHANG Huai-an, et al. Me-
chanical Properties and Failure Characteristics of CFRP
under Intermediate Strain Rates and Varying Tempera-
tures[J].
123-136.
XU, B, (TR, SE. B BRET YR HY SR R
SRR AR 1 AR RE]. SRR R, 2017,
34(11): 2437-2445.

LIU Xin, WU Zhan-jun, HE Hui-yong, et al. Cryogenic

Mechanical Properties of Unidirectional Carbon Fiber

Composites Part B: Engineering, 2016, 95:

Reinforced Epoxy Composite[J]. Acta Materiae Com-
positae Sinica, 2017, 34(11): 2437-2445.

BETE, BEER, FIHT, . MRE B R S
RH i RE S I ST (0], J12 T, 2022, 43(3):
537-546.

LUO Xue-qin, TANG Lan-tian, LI Juan-zi, et al. Expe-
rimental Study on the Influence of Low Temperature on
Bending Properties of Carbon Fiber Composites[J].
Chinese Quarterly of Mechanics, 2022, 43(3): 537-546.
s, L, KRR, §HH C/C AAMRHL AR
TP R ST SR [I]. 73K, 2013(2): 19-23.

WEI Bo-xin, CUI Hong, ZHANG Xiao-hu. Develop-
ment on Tensile Properties and Toughness of Needing
C/C Composites[J]. Carbon, 2013(2): 19-23.

AT, B, RSP, S 7 AR B BUZ P
Bk 2D C/C BAMEHMOLE S 520 (1], B B 5 bt
#2011, 26(5): 328-334.

[30]

[32]

[33]

LI Wei, LI He-jun, ZHANG Shou-yang, et al. Effect of
High Temperature Treatment on the Microstructure and
Mechanical Properties of Binary Layer Textured 2D C/C
Composites[J]. New Carbon Materials, 2011, 26(5):
328-334.

FEMfEEE, XVGEA, Frabidh, . =4edh il T2 ZH00
B £F 4k 52 & B RE D) 2 1k BE Y 52 R (D). B AT 4k,
2020(4): 13-17.

CHENG Hai-xia, LIU Yan-you, QIAO Zhi-wei, et al.
Effect of Three-Dimensional Needling Process Parame-
ters on Mechanical Properties of Carbon Fiber Compo-
sites[J]. Fiber Glass, 2020(4): 13-17.

Rl INEEVE, fIATT, SF. WX C/IC EAaMA
Ay o BE B R W (J]. B RS 4R, 2018, 32(2):
268-271.

XIE Hui-zhen, SUN Jian-tao, HE Xuan-yu, et al. Influ-
ence of Density on Mechanical and Thermal Perfor-
mance of C/C Composite[J]. Materials Review, 2018,
32(2): 268-271.

Tk, BOFR, BEAR, E R oc BEAME IR
SYUIRR EERFSE (0], MRS, 2018, 32(S2): 270-272.
ZHANG Bo, HE Ping-zhao, LIANG Jian-wei, et al.
Shear Strength of Needled Felt C/C Composites in Ele-
vated Temperature[J]. Materials Review, 2018, 32(S2):
270-272.

W, B R B /B S5 AR L L ) 2 PR RE I
IRHFSE[D]. MR REIRIE Tk K2, 2020: 56-60.
LI Ming-xu. Experimental Study on Tensile Mechanical
Properties of Needle-Punched Carbon/Carbon Compo-
sites at Ultra-High Temperature[D]. Harbin: Harbin In-
stitute of Technology, 2020: 56-60.

St B C/C A MRERUR B AT ) 2 1 BRI SR IF 5T
5 R A4 BT [D]. BRI B JRIE Tl K2, 2020:
35-40.

WU Di. Experimental Study and Failure Analysis of
Mechanical Properties of Needle-Punched C/C Compo-
sites under Biaxial Loading[D]. Harbin: Harbin Institute
of Technology, 2020: 35-40.

Rk, AR FER, % WA cysic BE
FOREE LR 1 S S R AR 1A AT R SRR T ()], S8
F1%, 2012, 27(1): 37-44,

SUO Tao, SHI Chun-sen, LI Yu-long, et al. Experimen-
tal Investigation on Laminar Dynamic Compression
Behavior of Quasi-3D Needle-Punched C¢/SiC Compo-
site at Room Temperature[J]. Journal of Experimental
Mechanics, 2012, 27(1): 37-44.

LI Dian-sen, DUAN Hong-wei, WANG Wei, et al. Strain

Rate and Temperature Effect on Mechanical Properties



Faak 21

B, 2. WREHER AR A TERERT ST I - 45 -

[37]

[39]

[41]

[42]

and Failure of 3D Needle-Punched Carbon/Carbon
Composites under Dynamic Loading[J].
Structures, 2017, 172: 229-241.

JIN Xiao-chao, HOU Cheng, LI Chun-ling, et al. Strain
Rate Effect on Mechanical Properties of 3D Needle-Punched

Composite

C/C Composites at Different Temperatures[J]. Composites
Part B: Engineering, 2019, 160: 140-146.

e, BTN R S AENLSE A I B 4T 5 S AR A )
FPERERFSE[D]. 1 ARAEKRE, 2017: 42-52.

GAO Xiong. Study on the Overall Mechanical Proper-
ties of Carbon Fiber Composites Based on Different
Structures[D].Shanghai:
Donghua University, 2017: 42-52.

SRHELL. 2.5 AEHLSUHG AT RL 540 S 800 22 1) 17 A 1
REAYSZMI[D]. JCB: VLRI K2, 2008: 34-36.

ZHANG Yan-hong. Effect of Structural Parameters of
2.5-Dimensional Woven Reinforcement on Warp Tensile
Properties[D]. Wuxi: Jiangnan University, 2008: 34-36.
2, BEAD, FENESE. 2.5 AEHLZUY BT U RE SL
300, BOBF TR, 2009(S2): 56-59.

LI San-san, CHEN Li, JIAO Ya-nan. Experimental Re-
search on Shear Characteristics of 2.5D Woven Fa-
brics[J]. Journal of Materials Engineering, 2009(S2):
56-59.

BT, W&, DaT, % 24 g L
Xf 2.5D HLAVEGARHIEPERER M []]. KTl
FKeFeEAR, 2015, 34(3): 1-5.

JIAO Ya-nan, QIU Pu-xia, JI Gao-ning, et al. Mechani-
cal Properties of 2.5D Woven Composites with Different

Three-Dimensional  Woven

Volume Rates in Warp and Weft Directions[J]. Journal
of Tianjin Polytechnic University, 2015, 34(3): 1-5.
XA, X2, T, AR SAEmSULERE T BB
IR L R RE[T]. 274154, 2019, 40(12): 57-62.
LIU Jun, LIU Kui, NING Bo, et al. Bending Properties
of Three-Dimensional Braided Composite T-Beam at
Low Temperature[J]. Journal of Textile Research, 2019,
40(12): 57-62.

LR, RHWE, WREF, 55 =LE0U[m g SR 4/
AR IR S5 MR TE SVER T v 1 137 1 ) 2 PR RE S 5
], EAMEEE, 2020, 37(2): 309-317.

JIANG Li-li, WU Ri-na, XU Mei-ling, et al. Experi-
mental Investigation on the Tensile and Compressive
Properties of 3D 4-Directional Braided Carbon Fi-
ber/Epoxy Resin Composites in Thermal Environ-
ment[J]. Acta Materiae Compositae Sinica, 2020, 37(2):

[43]

[45]

[46]

[47]

[48]

[49]

[50]

309-317.

BRile, TR, FhAEE, 4. =digmslUnR/ik B AR
i i 7 2 B SF AR B AT T (] B A Tl R e 4l (A
KRB, 2018, 40(1): 8-16.

CHEN Bo, WEN Wei-dong, SUN Xu-ze, et al. Experi-
mental Investigation on Fatigue of 3D Braided C/C
Composites at High Temperatures[J]. Journal of Nanjing
Tech University (Natural Science Edition), 2018, 40(1):
8-16.

SIDDIQUE A, SUN Bao-zhong, GU Bo-hong. Structural
Influences of Two-Dimensional and Three-Dimensional
Carbon/Epoxy Composites on Mode I Fracture Tough-

ness Behaviors with Rate Effects on Damage Evolu-

tion[J]. Journal of Industrial Textiles, 2020, 50(1):
23-45.
EFF, NS, GRS, AF. NSRS e

FOREI) 2 b i v RE[J]. A E LR, 2017, 36(4):
16-20.

WANG Ling-ling, SHI Ding, ZHANG Xiao-hui, et al.
Mechanical and Ablative Properties of Different Rein-
forced Structure C/C Composites[J]. Carbon Tech-
niques, 2017, 36(4): 16-20.

WRIEpk. =48V SRR ShAS B RE[D]. b
M FRAEKR, 2005: 25-32.

CHEN Mei-lin. Dynamic Tensile Properties of Three-
Dimensional Braided Composites[D]. Shanghai: Dong-
hua University, 2005: 25-32 .

PANKOW M, SALVI A, WAAS A M, et al. Split
Hopkinson Pressure Bar Testing of 3D Woven Compo-
sites[J]. Composites Science and Technology, 2011, 71(9):
1196-1208.

M GE . BRETAEPLAUE S MR B2 ) 2 R RERIESE (D]
MRS MR Tl R 2%, 2020: 28-34.

YE Xiao-sheng. Study on Dynamic Mechanical Proper-
ties of Carbon Fiber Woven Composites|[D]. Harbin:
Harbin Institute of Technology, 2020: 28-34.

NAKALI Ken-ji, FUKUSHIMA T, YOKOYAMA T, et al.
of Car-
bon/Epoxy Laminated Composites—Effects of Loading

High Strain-Rate Compressive Properties

Direction and Temperature[J]. EPJ Web of Conferences,
2018, 183: 02011.

LI Dian-sen, CHEN Hao-ran, GE Dong-yun, et al. Split
Hopkinson Pressure Bar Testing of 3D Multi-Axial
Warp Knitted Carbon/Epoxy Composites[J]. Composites
Part B: Engineering, 2015, 79: 692-705.

AR LA



