Eird Vol. 29 No. 2
STRONAUTICA SINICA Mar. 2008

e

F29% HoH o=
E

2008 4 3 A ACTA AERONAUTICA ET

>

X EHE :1000-6893(2008)02-0472-06

USRI AR AR &R

£, HEX
(G/RETI RY S 5EWPISTR, BRI B/ARE 150001
Constitutive Relation of Pre-impregnated Woven Fabric Composite
Wang Wei, Du Xingwen
(Center for Composite Materials, Harbin Institute of Technology, Harbin 150001, China)

W E: ARNALYR-FMREANAYE S, HERBEARR TR EBARRETELENAYRE
AR B MR R R . IRIBE SN BRI, S TR AW R IR LR R R, AR
BHER.ERTRRAYAGITE. RN HRTRAYEENGENIREN P REITERT ER. &
AEET T RB SRS AB T REXT L BAE T A 77 B EIER M, %7 BEF R T MR Ry R,
AT REFHIARZRARILGEHHHFS DS EMITEE T —E R EIBEERY,

KB AMTE; MENALY; F#E; FEE; REFTRE

HE 4SS TB330. 1 XHRARIREG: A

Abstract: The pre-impregnated woven fabric composite is a kind of uncured composite material. The pre-im-
pregnated woven fabric composite has its own properties which are not similar to those of the fabric or the fab-
ric reinforced composite because of the existence of the uncured resin. A constitutive equation is based on the
theory of continuum mechanics, considering the nonlinear viscoelasticity, and following the theory of algebraic
invariants. At the same time, the process and method of picture frame experiment are formulated. A picture
frame experiment is performed to testify the verification of the constitutive equation. The results show that the
equation can explain the properties of the material well. Investigation on the constitutive equation of pre-im-
pregnated woven fabric composite is of great significance on the static, dynamic and thermal analyses of space
inflatable structures.
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Setup of picture frame experiment
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Fig. 2 Geometry of the picture frame experiment
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Fig. 3 Coordinate systems for fabric unit deformation

LY AR TY T JE AR R R R

DR s B AR ZR R B D 5K B B 5 BR AL

EXaELNSINIES & R )

o1
;22 -
~12
- COSZ% st% 2cos %sin %_ ;
2 Y 2 Y Yo L] | 22
sin 5 cos 5 2cos 251n 5
12
Yn L Yn X
7cos 2sm 5 cos 251n 5 1

an
BAEST V1A P BT VI A v, HIA% B H A
i R AN BRI AR B 2R 22 8] ) SR R 3R AN A

cos % sin %

X, — X Xz (18)
cos ¥ cos ¥
sin o cos %

Xy —— X1 + Xz (19)
cos ¥ cos ¥

x3; = X5cos Yy (20)

Z£ Cauchy-Green 3¢ & B/

1+tan’y —tanysecy O
B = |—tan ysec ¥y sec’y 0 Q@D
0 0 1
B EKE DA
[ tany —secy 0
D= % —secy tan?y 0 @22
0 0 — 2tan y

BAER AL Pl A 407 ) SRR B
AT T P47 B8R I 1A m=[1 0 0JF n=

[010],EEN mZ[cosl sin L

2 2 O]ﬂ]

nZ[sin X cos X

! O RARM

o'=—p+I T, | cos’ % +| T, || sin® %—F 2a sec*y —
azsec’y + arsec’y + 2a5 + (%ag sin ysec y —
4aq5 sec® ycos? % —+ 3o sec® ycos?® % +

2assin ysec®y + 4agsin ysec®y — %alg sec’y +

5
2a158€C° ¥ — @12C08 ¥+ apgS€c Y — a 8€ec Y +

2a175ec® ysin ¥ — as sec® ysin ¥ + ars sec ysin y)y +

(4agsec® y + %oq sec? Yy + 2a;secty — ays sec’y sin y —

3 1 1
5 sec’y + a;ssec’y — S T e

4agsecty + %ag sec?y) y? (23)

612:%( | T, || sin y=+|| T, || sin ) — a;sin ysec’y —

2assin ysecty + 2a10 + (2argsec ysin y +

@s55ec Y — a11¢c0s ¥ — 2airsec’y — dagsec®y +
3assec’y — %as sec ¥ + aissec ysin ¥ +
aizsec ¥ — 2assec®y — azsec Y)Yy +

(— 5ar sec?ysin ¥ — ay5 sec’ ysin Y + 2as sin ysect y +

, 1 1 ,
a155€C’ Y — —ais — —a.sin ysec’y —
2 2
2a7sin ysecty — dagsin ysec® y)y? = ' (24)
o =—p+IT, |l sinz% +IT. |l cosz% + 2a; sec’y —
azsec’y + arsec’y + 2ay + (— agsin ysec®y +
4arg sec® ycos® % + %o@ sin ysec ¥y +

2assin ysec®y + 4agsin ysec®y — 2argsec’y —

s sec®yY — a12c0s ¥+ a1ssec Yy — ansec Yy —
3as sec® ycos’ % + ay3sec ysin Y + 2a17sec® ysin y) o

y+ (%ag sec’y + 4dagsec’y + 2a;sect y +
1

?a‘; secZ Y — Ia4 - %ay Sec2 Y —+ Qis Secz Y —

1

S 4agsect y — agsec?ysin )2

(25)

¢ =— p+arcos’y +ascosty +
(— astan ¥ — 2astan ycos’y — 2astan ycos'y)y +

(— astan’y — 2q; tan® ycos?y — 2ag tan* ycos'y) ¥

(26)

PDF CfH4#i[H] "FinePrint pdfFactory Pro" i kA G ww. Fineprint.com.cn



http://www.fineprint.com.cn

476 o=

%29 %

HARMBL KB N O,

K (@23)~ K (26) w217 & A B V) & B
L, RO RE K. KRR 535U/ MY
R RERER

HEREFTIAR T, i THEAY R EER
PR /N TR TE L TR, B T TR
2 T [ R, %o T BRI AR AR AR BEAS A3 BB Sy 4
SiXFL RIS o KRR N

o' 0
k‘zz B |: 0 :| B (27)
12 sec .

PR B H MBS R T RN o B 5 KR A BT
BLJT . KRR N

o11 tan Y
;'22 = tan }’ Ts (28)
o1 sec ¥

2 ST HEAT B ARHE X 0 F Y e 3 8 43 1] B
5 10,50,100,300 mm/min, A 37 (9 28145 - 57 # %
RINAE 4 iR

0101 2 10 mm/min JE 8
* 50 mm/min v A
0.08 - 4 100 mm/min v A
. v 300 mm/min 7 & ..' =
fm_ 0.06 3
iﬁs— ()

0.04

0.02 1

0 10 20 30 40
A7 #%/mm

B4 RRPERET WEE- B E
Fig. 4 Curves of load vs displacement under different

displacement rates

M 4 AT LU Bl B 2R G 3 K, 15 2
HE ) B B DR 76T i BT X 2 4 37 5 8 T 8 0 o [
BN 4 BERSTE BT LA AR kMR R R .

PR R Y 7 #4718 HE B9 ) 3l B B, 3 1 X
(8) M (9755 13 B A B Y U f I KRB B
B 367, b, i@ BY I BE A B AR E
BBiE AN 25, IR AP EET LU AW
AN B BT U AR 7E BY V) B f 2 T R BT U0
BOBUIMAEN YIS EMZE AR B, T
BY VI B B BT PR B9 A7 7E BB 2 BHL AR 4
Ve Y e A AR T, BY VD By BRGS0 0 BofT EE R

A RS- 485 i BEL A% £ 4 & A= AR B B R g . FEBF
EW B, B T W R E 40 R W) & 46 AR b 8
I8 4 5b 1 8ot 3 27 H Ok R &
B2 RIARE B ER J7. R TE % R HE [a) f
0y BB 5 3 B BF 5T G A R R A ARG BT LT B
BGES AN BEOREREEMNB R
40. 8 mm ZHj) .
F b, 8 =X (@) (9 T H AR %15 2

& = Lsin (%—%)y (29)

M (29) BB 15 3 B & oL 1 38 32 1 3 K, Y
I A8 19722 AL 3R 30 R LA k4 o6 3 K 5 7E AR )
PR T B & B U)K, BT U Y AR A3
/0N RE L AL R B R PEREAR . 53 5, NI 4 AT A
F L, EB Y B B, 3k B AH [F A2 #5 19 B% , BE B
i 2 B 4 R A 7 2 A A B B K, i R R R Ok
-5 4% i BELAS £F 4 & AR R TE B 7 Ok K, B
B RGBT K .

KO RHLERN AR R T IEMN I AE,TE
P BIH BARRT B IHE, IE RN J7 /N F 5
BLJT. ASCHZ B HE AR 10 mm/min B
BAEBY V1IR30 49 BY B J7 L IE B 7 5 B9 VI fA AR 4k
B Bl R, 4 AN & 5 FE 6 Bram . Al
PR 2R B B 5 h i #0810 mm/min /59 %4
EAR L EEUA MK SE 5 ME 6 L, FEHLA
o, B Z2mAUE RBE B hEE N
10 mm/min BYBY R S5 IER 11 589 U1 M A4 R
BAE KRB 53R

ol2 = 12 587.67 —1.66 X 107y 4 5. 51 X 10°%*
30

ols = 9 255.25 —1.15 X 10"y + 3. 56 X 10°y?
3D

2 000
1600
1200

800

BINY J1/kPa

400 +

ol & . . 7 )
15 16 17 18 19 20 21

YD) AARLAR/(1074s7T)

B 5 BIR - AR KR E

Fig. 5 Curve of shear stress vs rate of shear angle
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