, 29 2 Applied M athematics and Mechanics
2008 2 15 Vdl. 29, No. 2, Feb. 15,2008

: 1006-0887(2008) 02-0149-08 © , ISSN' 1006-0887

FHE AT XA

( s 100083)
(&R 7)
9 b ( )
s Hoffman s Mises s
TB332; V258 DA
2
[ +3] [4]
[5]
Gul®
_ _ , U1 T Wu
[8]
* 1 200708 29; 1 20080107
(04B51045) ;
( XK10006052)
(1978—), , (Tel: + 86 10-82317507; Fax: + 86 10-82328501;
E-mail: lidiansen@ 163. com) ;
( . Ermail: luzixing@ 263. net) .

149



150

o
1
, 1)
d, k, . 2)
.3 €.
Y B
1 4 3J2
tanY = — gtana = tanB= - tane,
sin © sin2® Jsec? P+ 1 sin2 ®
¢
Vf: CiVi+ CsVs+ CCV<‘:7
Vi Vs Vc
Tk sin2 ¢
Vi= 8cosY 7
Tkcos @
Vo= 4cosB
37k
Ve= 16(3059
Ci Cs C(‘ )
Ci= 2(P- 1)(Q - 1)/sin2®
"T[(P-1)/sin®+ 2][(Q- 1)/cos P+ 2]’
C.= [2(P— 1)+ 2(Q—- 1)]/cos®
TT[(P- 1)/sin®+ 2][(Q - 1)/ cos®+ 2]’
Co = 4

[9 10]

=

[(P- 1)/sin®+ 2][( Q- 1)/cos$+ 2]’

0 L T e T

A ]

'

8

911 7 R R

45°.



151

, P Q . , k= J_300$ Y, ,
, €.
2
5 : Cf:
St ', , [11]
12 [10]
dof"= Adoj, (9)
, A
, [ 10]
[an  an  ans 0 O]
a2l an a3 0 0
as  ax a3z 0 0
A= , (10)
0 0 0 au O 0
0 0 0 0 ass O
L 0 0 0 0 0 oael

Lan= EE, an= an= (Sh- SB)(au- an)/(Sh- SN), an= an= 0, an= axn
= 0,a2= an= a+ (1- Q)E"VE> (0< a< 1),an= B+ (1- B)G"/Gx (0< B< 1),
as= aes= Y+ (1- Y)G"/GH (0< ¥< 1), ,a By

B

2 2 1
3
’ [
, |
1
'
Su= (VIS ViSuA)(VIT+ ViA) ™, (11) {7
LV Vi ?
]
(V" = 1- Vrfl), Sf Sm (’). - wd - a—
v : e ’
4
vi= V= vi= V= [Bnes, (12) 2
Vit= V2= W= 1= [6Tecosv/(8cosB),  (13)
Vi = V= VP = Vi = 3J3Tecos v/ ( 16cos) . (14)
s ) Cn: Srnlp
| , 12

(Ya ‘P) (Ya_ ‘P) (_ Y, = (.P) (_ Y, ‘P) (B, (.P) (57_ (.P) (_ Ba_ ‘P) (_ B7 (P) (6> ‘P) (67



152

- (.P) (_ 67_ (P) (_ e: (P)

” B

C,= To.C.Th,. (15)
9 TO 9 [12’] -
Y
C= DVC.. (16)
n= il
A ,
Vi= Vo= V= Va= (P 1(Q=1) , (17)
22(P- U+ 2J[J2(0- 1)+ 2]
Viiz Vo Vaz Vs DrP— 1)+ (0-1)] ’ (18)
2W2(P- U+ 2 2(0- U+ 2]
1
Vcl = VcZ: Vc3: Vu4 = . 19
N2P- 1)+ 2110200~ 1)+ 2] (1)
, S=cC', ,
3
0; = {o 0,0, 0, 0,@1 -
0; = Cg-’ g
4 ' '
0; = [ ZV"«CIJ g =
n= il
(ViCi1) &+ (ViCi2) &+ -+ (Vi3C3) &+ (VuCu) § =
Oiit+ Oip+ 4+ O3+ 0y (20)
O;, = V;Lcng- (21)
Huang[lol , )
b Oln ognn,
Of/z: (anl+ VrrrllA)_lojn: Bojn; (2)
of, = A(ViI+ ViA)'G,= ABo;,, (23)
, Oin . . (21)
, (22) (23 ) )
Ofn: B(TU;,I)TOL'IL; (24)
of= AB(T,') 0in. (25)

, , ( Hoffman)



153

Ci(01= 03)%+ Co( 03— 03)°+ C3 03— 0)%+ C401+ Cs50,+

Cs03+ C7hG3+ CsTo+ CoTh= 1, (26)
,Ci C2 C3 C4 Cs Co C7 Cs Co [5]-
) Mises R
(01— 03)%+ (03— 03)°+ (03— 01)°+ 6( Th+ T+ Tiy) = 20;. (27)
Mises s s
[13]
T300 : En= 220GPa, Ep= 13.8GPa, Gro= 9 GPa, Hypp
0.2, W= 0.25 0= 3GPa, 0 = 2.07 GPa, T;= 943 MPa. s En=
. SMPH, l'lm = O 34-,' O::l = 70 6 MP&, Om = 80 MPa, o:n = 79 MPE], 8mu = ] 7%, Tm = 46 MPa,
[5] . a= 0.5B= 05 v=0.5.
22+
—m—V;=45%
1404 —u—V=45% 20 __‘_V:=55%
; —A—V;=55% —&—V;=65%
120 18- f
T Vi=65% ——Vi=65% (Bl
1004 —u—V;=65% (RIEEFI53) 164 Fa)
& <
C{i 80+ ‘2{ 14+
= 60+ = 124
404 104 ‘_‘—‘—/
20- 3 ._H—"/'/./‘
O L] T T L 1 T 6 L T v ¥ Ll L
0 10 20 30 40 50 60 0 10 20 30 40 50 60
a/(°) a/(°)
28+ 201
1 -~V =45% 18-
284 —ay=559 /°
1 - Vi=65% 161
]
207 —e—Vi=65% (RIEEF-H3k) / g 14
& ] o
Q 164 \b 124
b T
© 12] n 107
b J g ~8~V;=45%
8 —‘—Vf=55%
; 6- —*—V, = 65%
4] 4] —a—V; = 65% (RISE 495 )
] L) U L L] L] T 2 L) v T ¥ L) L) v ¥ v
0 10 20 30 40 50 60 0 10 20 30 40 50 60

/() a/(°)



154

e
0.651  _a—v,=45% 0-7J f‘\'
*, l:
] a-v=559% A/* N
—=V, = 65% 0.6
0.551  —a—v,=65% (RIEF-H%)
. & 0.54
& 0.454 n /
]
] L 0.4 g —a—vi-asw
) —8—V;=55%
0.35 ol / Vs
. @ A=V =65% (RIBEF- 13k )
0.251 VR — 0.2 . ; . ; . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
a/(°) a/(°)
3
3
, [11] Vi 65% ,
s l s E’(
p'xy ’ ? [ 12] ’
;
4 800+ —a—V;=40%
—e—V;=50%
’ 7001 ~a—V,; = 60%
[5] , 8 o] —a=V;=40% (CAR[5])
g 600 —o—V, = 50% (SCAR[S )
a © S(X)-
¥ id
S L B 400-
, ; a 3¢ 300
’ ’ L0 I Y
, a 4° 10 20 30 40 50
a/(°)
, Vi 4
2 a 2 Vf 2 a 2
[5] ) ,
1
a/(°) V/ (%) E./GPa E/GPa er/ (%) 0/MPa 0 /MPa ed/ (%)
4D 21 45 61.2 63. 87 - 4.96 665 543 - 18.35
4D 42 58 8.7 28. 17 - 1.84 23 321 13.43
4D 48 45 2.4 22.98 2.59 254 267 5.12

[13]



155

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]
[11]

[12]

[13]

[ ]

Ma CL, YangJ M, ChouT W. Elastic stiffness of three-dimensional braided textile structural com
posites[A]. ASTM, STP893. In: Composite Materials: Testing and Design [ C]. Philadelphia: Ameri-
can Society for Testing Material, 1986, 404-421.
Chen L, Tao XM, Choy C L. Mechanical analysis of 3-D braided composites by the finite multiphase
element method[ J]. Com posites Science and Technology, 1999, 59(3): 2383-2391.
SUN Xue kun, SUN Chang-jie. Mechanical properties of three- dimensiona braided composites[J] .
Composite Structures, 2004, 65(3/4): 485 492.

, , . [J]. , 1998,
15(4): 102 106.

) ; yooe [J]. ;
2002, 28(5): 563-565.
GU Be hong. Prediction of the uniaxial tensile curve of 4-step 3-dimensiona braided perform][J].
Composite Structures, 2004, 64(2): 235-241.

, , . Tsait Wu [J].

, 2006, 34(12): 74-76.

) ) . [(J.

, 2005, 22(6) : 139-143.

HUANG Zheng-ming. A bridging model prediction of the ultimate strength of composite laminates
subjected to biaxial loads[ J] . Composites Science and Techn ology , 2004, 64( 3/4) : 395-448.

M]. , 2004.

, . [J]. , 2006, 23
(4): 112-118.

, ) [J]. ,2004,21(2):
134-141.

, , . [J]. , 1999, 16

(3): 129-134.



156

Theoretical Prediction of the Stiffness and
Strength of Three- Dimensional and
Four Directional Braided Composites

LI Dian-sen, LUZixing, LU Wen-shu
(School of Aeronautics Science and Technology , Beijin g University of

Aeron autics and Astronautics, Beijing 100083, P . R. China)

Abstract: Based on unit cell model, the 3D 4-directional braided composites can be simplified as uni-
directional composites with different local axial coordinate system and the compliance matrix of unidi-
redional composites can be defined utilizing the bridge model. The tota stiffness matrix of braided
composites can be obtained by the volume average stiffness of unidirectional composites with different
loca axial coordinate systems and the engineering elastic constants of braided composites were com-
puted further. Based on the ise-strain assumption and the bridge model, the stress distribution of fiber
bundle and matrix of different unidirectional composites can be determined and the tensile strength of

3D 4 directional braided composites was predicted by means of the Hoffman’ s failure criterion for the
fiber bundle and Mises failure criterion for the matrix.

Key words: 3D braiding; strength; stiffness; mechanical property; composites



