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A stiffness prediction model for three-dimensional four directional
composites based on mesoscopic structure

CHEN Bo, WEN Weidong, CUI Haitao

(Jiangsu Province Key Laboratory of Aerospace Power System,
College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The interior unit cell, surface unit cell and corner unit cell of three-dimen-
sional four directional composites were established in mesoscopic scale, and the models con-
sidered the changes of the yarn cross section and mutual extrusion. Applying the correspond-
ing periodic boundary conditions, and using the stiffness volume average method, the three-
dimensional four directional composites stiffness prediction models were established. The
longitudinal elasticity modulus of trimming and non-trimming three-dimensional four direc-
tional carbon/carbon composites were predicted. The results show that the predicted values
of 8, 13, 16, 21 mm width three-dimensional four directional carbon/carbon composites and
experimental values have 18. 3%, 5.8%, 4. 2% and 5% errors, respectively. The prediction
results have a higher precision when widening the specimens, and the three unit cells’ model
has good precision in longitudinal elasticity modulus which is much better than that of interi-

or unit cell method when the width of specimens is over 13 mm.

YR EH:2016-09-13
BEEIHE /1048 B R IE A G 3 4 (KYLX_0238) 5 1 g 5 1 B A BHIF 3 45 (1002-56 XQA15002)
EE B Mipk(1986—) , B i A= JHIFSE T T R S R A A M R A % i3 R . E-mail : chenbocepe@nuaa. edu. cn

SRR BRI TR TR MG R, ST AL S5 4 1) = 48 1Y 1] &4 b4 L W RE 5000 A5 20 () 0. A s 8h ) 24k, 2017, 32(11) . 2721-2728.
CHEN Bo, WEN Weidong, CUI Haitao. A stiffness prediction model for three-dimensional four directional composites

based on mesoscopic structure[ ] . Journal of Aerospace Power,2017,32(11):2721-2728.



2722 oz

= % % i

LRV

Key words:

three-dimensional four directional; interior unit cell; surface unit cell;

corner unit cell; stiffness volume average method

=GRS PR D — BB T R A2
FERE B2 DTS R A . 2 2
A MBHEUR G B G PR R 1A g A e
iR DU 57 PR RE S 4F

FI AT = 24 2 252 BRI T 07 9k A
i TRr Atk G RPN I 3 R e S R SR B W By
TIN5 G0 B 1) - 3 L A RSP B S R AR BT 2
5. Kol AR R b LR 75 = 4 g S T i 5 1) L R =
Y g SR AL T AR YL I 1A N e = 4k Py
1] 25 2 5 M ORHI B B B, Yang 5% #5710
HT = HRAR LI 52 4 2 20 R DY AR X £ 20 2R A R Y
R FRCRBERY SR AT B TR 2 = 4
i S bR B R . DB SR AES R 19
HREF 4 27 20 v 0 2 4t o 05 ) B 7 B LT
MR E R, BIRTESETORFIBK
T SR FH R RE AR 273k of = 4 D[] 9§ G Ak B2
FEEFBEAT T W BE B0 . SR 5 I8 T LT 4k B A AR
2 2V A 1 R D 0 = 4 I ) Bl / B R RRLEA T T
W E T . BCE R AR R g 5 5y T3 5 (B TN
FEA T H32 A MRS MR R BOR

UG IERP DO I @ E DI AV G 7 N AR T
(RVE)JEATWEE . M A A sl R = 4 1Y
METEAV-Reg 7 p e el D W TSP B AP |
A BROCE A HEAT T D EE RS BE U . Kang 455
Xt = 2D 1) 525 bR R LI AT T = e
A Ao W RE PR AR 24 3 S T B R A W . Wim-
mer 45 SR S0 T O S 4R R 2 G MR
AR HEAT TR EE R T . VS AE B Pro-E
B = 4 0 1A i 2R BB EEAT TR AR T Y
SRR RN A T g 21 A 2D LA
AR ICMRAE g 20 LR T 5 R R N ILTE L BN T
IO P P 2 A O T A ) e /R A B R Y
WIE . DL SRR S S7. A 000 A8 20 I3+ 530 0 o
JHE . 728 2 TP D D A ST K

KR Ve S50 = o SUS S M OREEAT W BE
RN S RN O T N 2RI DN AR (SR
>R I BE AR AR 243545 31 1 52 5 AR 1) 5 1
k) g BT A (EL IR R R 25 i 20 2 T X 45 2R
M RZI o 1A A X = 4k 0 1) B bR ST T
PN S MR AY L BF 5 T A 4 RN S RO =2 ) Y
FKF . BRMESEN X =4 T G bR AT
1A BRITEERL G I i o S R AR A B T

I
(=)

P2

Al ) S5 B R B R R BER RELl TAR AE
X = 2 DU [ 52 5 A ek =l B Y £ A s ) ) gk
17 T BRTE B T = 4 DY 1) SRR B 1 I
DAL SCHR AR ST 1 B0 SE B ) = iRV 5 b
Y B ASE R (ELASE IR rh AT R R R TR
AT 2 S i v AT 5K B T 3 A Y 2T 4 AR T 4
PR 2R 58 475 0 0 AN 6] 4 4L 25 0 15 ik
FHEAT T I R A

AR SO = 4 U 1) 55 B4R 23 D AR L 3R T
TIRRE iy = 7l 4 XL 6 J0 2% 1 i P9 2 4 1) A
WA AR F TR BE P 3393k S 1T =4 m &2 &
o A8 O JE T ALY . e B 3 AN AR D) 1 = 2 Y
i) B¢ /e S 45 B 9 O 1) 37 A 3 56 36 Tk 1 0000 A5
TR AT 250Hk

1 REALE

1.1 Z#NEEEHREEER

DY ) e 2 TR B R R 2R U A ik
IX1 R TR . VU 25 1 g 23 10 14 3%
T 20 2RI S SV O WL 1, b Ry 46740 4 B R B i
FEED v W0 R TR . RG24 g
L3RRS P U A R 43 Sy D9 L 2R T LA
Bt 5 D0, Bl 2 Frz o BRI AE 2R AT 40 00 5 i
F4) FaE N7 B o o7 R RN PR 00 43 DA PR S L 3 T R
F1 L

1 R 3 T A AR Y
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surface unit cell and corner unit cell
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Fig. 9 Schematic diagram of periodic boundary

conditions of interior unit cell
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