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Abstract: D iscrepancies of elastic modulus, Poison ratios and themal expansion
ocoefficientsof fiber reinforced compositesw ere investigated using the constitutivemodel of Cell
and M onte-Carlo method The results indicate that the discrepancies of fiber reinforced
composite effective performance are snaller than the onesof their elenents W ith the increase
of the percentage of fiber volume, the discrepancies of longitudinal effective performance
increase, but that of transverse effective performances decrease, except the themal expansion
coefficient in the short-axial direction The fiber shapes and packing arrays have little effect on
the discrepancies of longitudinal effective performance Composites w ith hexagonal section

fibers and sguare cross section fibers have the sane discrepancies of transverse effective

perfomance D ifferent fiber packing arrays give different discrepancies The presented

conclusions in thispaper are very useful to probabilistic design of composites
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Table 1 Performancesof elenents of camposite

E/GPa 390(56. 6) 110(15. 95)
u 0.17 0.22

4.1x 10 ° 2.9x 10 ®

(2.3x 10 ©) (1.6x 10 ©)

0. 145,
0.561 0.551
M onte-Carlo
. 10 000
; ; avC
, 10 000

0. 25, 0. 30, 0. 35,

0.40 0.45 5 )

0.20 -
i i X f R
0.16 | f SPHERRIE : 30%
i HHE . 1449266
0.12-¢ Jrz: 182670
= i W R 01261
& :
M g08 |
0.04 +
0.00 Lo f L '
50 100 150 200 250 300
E,/MPa
2 30%
E2
Fig 2 distribution of E2 with 30% fiber
and sguare diagonal pack
1 2
, 30%
E2 )
21
3
, < 7 14%x 14
211 Eu
3
Eu o4 )



233

2
0481
0.115{ T L
——EE TX7 & 0461
2 ool o 4 w _
EE o044
= = | "'"j.‘l_fg'
01051 g 0.42 —o=[EJlz 7X7
I | -[EJE 14%14
—v— i [E
0.100 . " L . 040 L. N L . . .
0.25 030 035 040 045 0.25 030 035 040 045 0.50
Sl HEE R
(@) E Sl TR e s () o SRR R B TR
0.12«.L "'E%‘%"f
——[EI TR 7X7
- 0.440 - i
& o122} o @%‘4"14 ——[E% 7X7
e | v g 0430} e [HE 14x14
o 0.118 b h =
w 08} g 04201
g L .
W 01141 g 0.410F
S o' 0400 |
0.110 | . . ) L 0390 . \ . ril il
025 030 035 040 045 025 030 035 040 045
(R HHERIRE
(b E,, o Bt SRR ATk (e) o, HRPREEA SRR AT
0.132 ¢ —— i
3 [ ---% %7 0.430 —-KTE
0.128 | ] ; [ N =B TXT
Eﬁ, i ' @%]4)‘14 adrw | < B 14X14
% 0.124 | e ﬁ P! —
= 0120 oE 04107 .
W odls | = 0400t
- B -
o112t | . N . 0.390 . N : - N
025 030 035 040 045 025 030 035 040 045
EFEEIRRH HaEEH
(©) G, S A 4R LAY SRR () o SYECPEREST HEIR A TR
3
Fig 3 effect of fiber shgpe on distribution of composite mechanical performance
3(@ (d)
212 E2 ok
, Ok
, , 0L 0B
, , (x2 )
x: ), &)
3 1
213 G2

45°) (



234 20
[ A
DR S 0 048 e AEHF
-~ FiEHEF ~e- TR FFHER
ﬁ p.aig |~ FIEHES B 046t - FIEHEA
B 1t e VilEd
o i g4l
E 0106 g 1
K & 0.42:
0.102 ¢ 0.40 . . - . )
025 030 03s ao 0"‘5 025 030 035 040 045
YR FRAEEIL
(@) B 4B BREF AR 0 T ) o SEHEREET AR A LR dE K
- Al 0.47 - AR
oss | R R aTp e S R
@ i) 2] 045} - TS
oo - ST @% 043k =SB HER
B W oalf
g \ E( 0.4/ 1
L 0U15¢ T~ £ 039}
La) | \‘\\' o’ 037 F
0.105 L. . . . T 035 F_ ) ) ) .
sz eisvd R
(b) By, STRCEREEF MBI AL (9)\@, S RBE ARIARA L 275
- NAH 0.48
0150 ¢ —- X S 1 —— AE T
& 0.132 —— AR & [ ——FIEXT fAHER
v [ —- SERHE W 044f -5 FIEHF
ok 0124} It =— FEHET
g 0.116 ] \ E_.-;( 040 |
o 0108 T <)
0100 L. ' A\ O X 036} . ) .
' 025 030 '0.35 \040 045 025 030 035 040 045
g v v AR,
(c) G, B RELFHER A AR E (0 o, BT RN A
4
Fig 4 effect of fiber arrangement on distribution of composite mechanical perform ance
) ) RV E 223
[6], 4 &, 4
221 Eu ,
4(a) 4 oe, 37.5%
> >
222 E2 G 375%
, 3
4 0o ,
35% ,
35% 4 0, 35%
1 >
’ o,
G2 > > 5%

40%




235

23

bifE

24

a.10
0.08

0.06

0.04

.02

0 00

(1)

(2)

(3)

(4)

(5)

1 5
30% U1z
0. 009 66
N bupEe [
é”r?ﬁ?ﬁﬁﬂtt- A40%
H#1(H : 0.22766
TR FH . 0.0096
0215 0225 0235 0245
”’12

5

Eu

Fig 5 distribution of Poison ratio

Gz,

[1]

[2]

[3]

[4]

[5]

[6]

(7]

(8l

[9]

[J] ,1998,28(2): 173 188
FAN G Daining, ZHOU Chuwei Numerical A nalysis of the
M echanics Behavior of Composites by Finite Element
M icromechanic M ethod [J]. A dvances in M echanics1998, 28
(2): 173 188
Paley M , A boudi J M icrom echanical A nalysis of Composites
by the Generalized Cell M odel[J]. M echanics o M aterials,
1992, 114: 127 139
[A]
[C] :2000: 137 141
[J] ,2001, 21(4): 618

619
L El Youfeng, SON G Yingdong, GAO'D eping, etc A U nified
M ethod for M acrosoopic and M esosoopic A nalysis of Fiber
Reinforeed-Composite Structures[J]. M echanical Science and
T echnology, 2001,21(4): 618 619

[D] : , 2002

[J1 , 2003, 33

(1):43 48
LEI Youfeng, SONG Yingdong, GAO Deping Influence of
M icro-Structural Geometry on Elastic Properties of Fiber
ReinforcedM etalM atrix Composites[J]. A erogpaceM aterials
T echnology, 2003, 33(1): 43 48

[J]. , 2003, 35(4): 435 44Q
SON G Yingdong, L EI Youfeng, SUN Zhigang, etc A Newv
M icro-M echanicsM odel for Fibrous Composite[J]. Journal
d N anjing University o A eronautics and A stronautics,
2003, 35(4): 435 44Q

[J] ,2004,21(2): 146 150

SUN Zhigang, SONG Yingdong, GAO Xiguang, etc
Influence of M icro Structural Geometry on Themal
Expansion Coefficient of Composites[J]. Chinese Journal of
App lied M echanics, 2004, 21(2): 146 15Q

M arek-Jerzy Pindera Brett A. Bednarcyk An Efficient
mplenentation of the GM C M icromechanics M odel for
M ulti-Phased M aterialsw ith Complex M icrostructures[R ].
NASA- CR- 202350, 1997.



