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or the 3D 4-directional braided composites

nging rule and distribution characteristics of the

osites were obtained. The effects of temperature and
braiding angle on the coefficients of thermal expansi '?E) . the coefficients of thermal conduction (C@e
specific heat(SH) and the thermal diffusivilies@ ere investigated at the same time, by which someg i tant
conclusions were drawn. These results e an experimental basis for the numerical analysis @?hermo—

physical properties and the further St& on the thermo-mechanical coupling behaviors of 3D b composites.

3D braided composi‘ fficients of thermal expansion; coefficients of therr@@nduction; specific
.{@ ©)

Keywords:

heat; thermal diffusiwities

BN TV RE gV R SN Gom A 4Rk ORI RETR I L T A o AR AL . 5 A B
. m T ERE A MEE S RAT MBS, iR BB @%ﬁ%‘%i%bﬁ@r%ﬁw’%%ﬁﬁ%y&%
A PEIR B R SR L okl . WP BITE RS TH VRESCH A A SR AR Al . S A 1

AR 7 B A B R R PLFE A S, ) T E‘J AR E s LA K PR RE D 2 T HZ5H R
25 UK A R R AU =2V S AR S PR O%E UE k. ELEERZ WA N ) 0 A IR A L PURGR A
A TARER o, — ek O ab T 4 A IR T, ) ?

PR Pl FBLR . BOKE 51 E 45 44 1 1 I F7 R

AR R TRV T, DT S W 235 ¥4 R 1 ) IE 8 AR WANE B T — LWt 58 i 252 & B kLAY 31

PR 122 VERE . R I SR 4 2152 5 R B A v
A BRI 1 N L BEAE R 20 A PR 50 A8 A v AR 5 25 A Y
R ERREE . AR SRR T A = 4R AU S

P BE A SCRik . Wang 55 % = 4 4 21 A 0 REAY #A
R R ECCCTE) #4717 80(E 1 4 - 1E T A1 R 9 52
B AT IE, Gowayed W T =4 pmA E 4

YR BEE: 2017-04-20; EABHEI: 2017-06-16; M4 HARATE: 2017-07-06 18: 05

P 2& MRk http://kns. cnki. net/kems/detail/11. 1801, TB. 20170706. 1805. 008. html

EE&TB: WRARE2EEFEISL(11502061)

WIREE: HRE, Wt BlEs, B AESE, T m o E G B A S8 E-mail: ljfree@163. com

SIAMEN: LRE, RER, FRE, . SERAZ SR EERSLRT]. ZaMEEMR. 2017, 34(12): 2734-2740.
JIANG Lili, XU Meiling., LI Zhenguo, et al. Experimental investigation on thermo-physical properties of 3D braided composites
[J]. Acta Materiae Compositae Sinica, 2017, 34(12): 2734-2740 (in Chinese).



ERE . % ARG AP R A B S % . 2735 -
MoBHAE SR RERY 280 BFSY . Schuster %“*E‘F%T POSH) LY R (TD) RS20, 1453 7 —2e &
SYEHLELVE AR IR R O ) B VE SR, ke LR

AR A = A AR G I ik -
i”?ﬂi;ﬁ(iﬂ}fhﬁ{%b‘ Mlﬂﬂﬁ ﬂcahﬂ&fhfﬂ | Sm
AT I SRS TR, Ohajerjasbi, lLiang. eng SR R P B 3 K Tl e 2k 5 4 b k)

VE S A5 R R A B C s 0 1 = 4k 2 U 5 b
KL CTE, Ffl, EIRAS 726500 T = 4k
GAE MR P BEPERE . O 5 A R AT T
XFEE . Liu FIZS i 2R 4500 T A LA B R, S

S 20 T 1) 2650 A BB S RE QD)
TR S TS0 B T

BORUZ 0 52 4 bRk I 15 514
1 Delouei ZELI B 97 T 41 4 3 9 5 ANPF
SR, Maxime 55 ] S2ERAF "@
ﬂFAmm%%%ﬁ%#@ND@m%ﬁﬁﬁﬂo
Zm%%MHﬁTQ% SLGF 1 1 F 4 4 B

TR, Hu %00 % =4

WA Mﬂm@§§§ syse0)
Hi21 C/C 524 HUNG CTE 347 T KR,

AR, e G VG RREE ) LY E (1 F
REZ Vo R, BT ST o R B R
ST PP FA) B R 5 o £ DU A 0 Zlijtid

*?ﬁflllﬁﬁéﬂﬂ/*ﬁﬂﬂfﬁTﬁhiﬂiFE’J%

5&'#%

mm%%ﬁéﬁﬂ%Lnxﬂ%%AQ H
()

R HEFNIFERAE R S1 - e

Tab@ echanical properties of carbon fiber(CF) and ep@

W 5% BT ) & 0 = 4 DU 1) g U A M Rk SRR Ch
TDE-86 &M g (EP) ; 4R £F 4k Ry H A A1l A ]

) T700-12K BREF4E(CF) . 534 1281k
@%@1 JE R L AL o B OREAY $A ) 1 BE AN SR 2
iR B RO f bR 3 SRR AR 4 Uy I,
bR 12 RoRETHEpi 1] .

2 BRI
2.1 CF/EP XWHREWF %
:ﬁ‘%?”%i&ué@lﬂlﬁ%”ﬁ’*ﬁ*ﬁﬂiﬁ%ﬁ
aéf%&ﬂu%% 3T oI5 PSS L R
A>- ZonEEm , N E Netzsch
L 402CL %Y $4 7 ik 13000 3 A1 A 19
CT @i@?fiﬁn@ L(a) fif7s, Horf LVDT A #
L EEE MR, G0 SRR AR A SR IBURE
JE A AR AR 5 B AT 3R AT RE S A0 A ik B . B
%%ﬁmﬁmgummm,maﬁr%§$m~

—200°C, FHEHEZE N 3 K/min, ©©O

2.2 CF/EP LGHERK S
R4 40 1 = ﬁﬁ@% 4 M

EP)

Materials Ey3/GPa Es¢/GPa Gi21/GPa Giai/GPa Qv GPa Vot Im
Carbon fiber 215.6 17. 21 12. 92 9.3 :BD 0.3
Matrix — — — — @\ — 0. 35
R 2 WHTHEFF IR RER TERED
Table 2 Thermo-physical propel;tfi@ carbon fiber and epoxy resin
Q (6)

Materials assr/ azz/ am/ Asst/ Azer/ Am/

* (1075°C 1) (1075°C 1) CRER (W(m=C) 1) (W(m+C)™ 1) (W(m+C)™ 1)
Carbon fiber  —0.3 3.1 — N 8.0 1.0 —
Matrix — — 31. 7 — — 0.18
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Table 3 Process parameters of thermal expansion specimens for 3D braided CF/EP composites

Specimen number Braiding angle/(°)

Specimen size/mm Fiber volume fraction/ %

a-103-L 25
a-103-T 25
a-202-L 35
a-202-T 35
a-302-L 45

a-302-T 45

25X6X6 58
25X6X6 58
25X6X6 58
25X6X6 58
25X6X6 58
25X6X6 58
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Table 4 Comparisons of longitudinal CTE with transverse CTE of 3D braided CF/EP composites under different temperatures

27°C 100°C 200°C
Specimen Braiding - ; - ) - .
o CTE/ Difference/ CTE/ Difference/ CTE/ Difference/
number angle/ (%)
(107K~ 1) (107 °K™ 1) (107K~ H) (107K~ (107K~ 1) (107K~ 1)
a-103-1L 25 —0. 39 —3.34 —8. 67
28.49 42. 94 64.77
a-103-T 25 28.1 39. 60 56. 10
a-202-1 35 —1.24 —5.15 —9.68
25.54 36. 75 61.88
a-202-T 35 24. 30 31. 60 52.20
a-302-1 45 —0.63 —5.93 —15. 60

17.13 24.53 46. 40
a-302-T 45 16. 50 18. 60 30. 80
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Table 5 Process parameters of therma X tion specimens for 3D braided CF/EP composites

Specimen number Braiding angle/ (%) [(."\\o Specimen size/mm Fiber volume fraction/ %
103-L 25 T 6X 6% 1 58
¢103-T 25 @ 63 6x1 58
c-202-L. 35 @ 6X6X1 58
¢-202-T 35@0 6X6X1 58
¢-302-L (ﬁb 6X6X1 @@8
c-302-T '~ 6X6x1 (\r\\) [o) 58
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Table 6 Comparisons of longitudinal CTC with transverse CTC of 3D braided CF/EP composites under different temperatures

25C 100°C 180°C
Specimen Braiding . ; s . e .
o CTC/ Difference/ CTC/ Difference/ CTC/ Difference/
number angle/ (%)
(W(m+K)™ 1) (W(m+K)™ 1) (W(m-K) 1) (W(m-K) 1) (W(m-K)™ 1) (W(m+K)™ 1)
c-103-L 25 6.813 7. 687 8. 442
5.474 6. 268 1. 546 6. 896
c-103-T 25 1. 339 1. 419 ot
c-202-L 35 6. 341 7.119 7.930
4. 986 5.679 6.478
c-202-T 35 1. 355 1. 440@ 1.452
c-302-L. 45 5.248
c-302-T 45 1. 600
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