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Response Characteristics of Elastic Parameters of Woven

Fabrics in Stress Space and a Nonlinear Constitutive Analysis
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Abstract: In order to reveal the response characteristics of the laminated fabric for airships under plane
stresses, a series of biaxial tensile tests were first conducted on high-performance envelope materials Ure-
tek3216LV®. Based on the stress-strain data obtained from the biaxial tensile tests, the response surfaces
of strain and elastic parameters were displayed using the MATILAB program. Using an integrated weigh-
ting method, the characteristics of elastic parameters affected by the stress levels and stress ratios were an-
alyzed. The results indicate that reciprocal relationship doesn’t apply to the constitutive model of laminated
fabrics, and obvious orthotropy of the elastic parameters can be observed for different stress levels and
stress ratios. In addition, the large value of Poisson’s ratio (>>0. 5) can be attributed to the complex inter-

action and deformation mechanism of warp and weft yarns which make the laminated fabrics different from
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homogeneous materials which makes the laminated fabric different from homogeneous materials.

Key words: laminated fabric; reciprocal relationship; plane stress; elastic moduli; Poisson’s ratio

U2 RME R G T 0 gk s L RO R AT R A
56 IHL A 24 A 2 i) R 5 A5 1 22 e ) I FH I 4
O S B AR A AR O A R W 5 A
SRR R Y 2 R S G R ) A R
FUE 1) = I U R 33 45 S BERR A v o JHE g 2 i g e
S S HOE CESE R ST A BT AR B L
3 T2 RS AR 2 IR Y
FBERE o AR SRR 0% J2= 2L 26 BB AR LE L A B T 2
IREJZ G R AP R R Ty AT AE — E 22 R0 H
HAELY LML L Ty 2 W IO 53 B D5 T AT AE AR T Z AL
SRR (R TR 2 28 I J 2= e 28D DR 28 2 20 2 58 X i
P ZJZ A WG I atkae s e, AW B
FEBHEZAE LU Lt | F 3500 R 0E 52 57 1 45
ik FEHE S B0 i 5 o DY I LA O W A R

TG 52 R 25 R 1Y) R T R A AL TP 1 32 IR
U] AT B 2 BN 25 R T 4 B AR O
PR T 3030 25 o 76 1 PN A0 i AR R e 6 R ST T
JO7 3 78 T e AR B M S B0 W 5 B AT A
FRRAL 10,

H RS X B UL A i v 2 800 R AR D
LR B Ry 25 SR BRI S S 800 i
XL Z T3 F M W 1l R — I E R 2
£ BE ) P2 o LS R B0 R 1 B 22 O I T 2
PERE L AN R M R IR D R g 2 K £
TIREZ B2 A4 P S 8 A G Z A8
Fe o TR/ B 1Y B S 8015 S AR HE 4 T A A
(8 77 25 P JTT 34 8 A1 TR 38 T I 4 R i R TR Ut
HE— 20 BT B A6 U 52 077 3 50 B AR A
ARV S AT B AA 7 27 0 167 1) ) 2 AR JBT o 6] HE A 4
8 52 F2 M RHFE S B TR 25 4 TP i) O 2E M T M Fe e 2
P43 BT A H A S T [ P AR % R 5 AN
JE A SCER R P RE B¢ B2 M BE Uretek3216LV® JF
J&— F 5 Z Le AU B A IR 5, VR A5 52 52 b R
SRPE S BUOHE NV T 4 TR) b 1 g o R AR B G A A B
VAT IE 38 5 M B 0 B8 i 2 V8 x5 v 2 80
M. 42 35 F R ) 2 (] S S 50U L 3k
15T MR S 50 1 ) 7K SF By I A1 1) 2% AR
I HZ5 6 BUE BORL 43 B B T BT A5 2 808 AL
A NRR e IPERA L

1 #aFitE

1.1 HE#HMERRHERST
11 RAEM#

TR AL R P (LCP) 5 15 B B2 b4 Ure-
tek3216LV®), T EHy Vectran®IEA FIR B L 45 (PVEF)
1122 B 4% D) REJE )2 Hs 4 1 B Uretek3216 LV@® A1 2
Bl R PERE S B AR AR B R LR L R
AL PSR LT B AL A U A R T
AP T 58 ST T IR A R A T AE [ N A R R
T GME RSS2z

SR B Uretek3216LV JEEE 4 0. 21 mm, @
FRER 200 g/m”, H AU AL S5 A8 B i A U8 G &
L. 8390 0 P SO R G5 W) 22 43 1) 5 5 Dy 17
X12 M/ em, 2R 4 B 3424 200 Denier. 41 HY
R 2 D SV PR RE R 4T I N IR R AL B ).

(CrEEa J—

PUESMLZ
FHEUZ

(b SMILTE 5
H1 ZAMHSIUELABAREHTER
Fig. 1 Envelope fabrics layout and macro
morphology of the envelope materials
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Fig. 2 Dimension of cruciform specimen (unit: mm)

1.2 Wil I8
1.2.1 XBFRBE

R IE S % GB/T 6529—2008, it K 25 AH X
TR (654, 0) % . (20+2) C.
1.2.2 RIBEEBmBH B

XU P 058 R T B 3B o % U r A 3 56 AL
SITU-T. &l 3 fir 7. XU hr A 328 g6 A1 7 7228 I 4 8
Fil: — 10% ~ 20%; Je H b5 o F i 3 %, 2 ~ 4
mm/min; SEEPERE B 1~5 ms. R FR % A IR .
BT AE Ry 3h oy 2% B, 3 A Eb ) AR L 4R I 1R 4 S B A
o 4 ] R 1 00 A% 2%t PR 3R s ot FR PID 458 1l s 2
A7 S i, T SR AT B kA 1 PR AR R ER. R 2
A~ Green Pot LP-20F i 8 5| 31 & {57 % - 1 55
N7 Hog FE O 20 mm.

K HAE S5 TN 7 KT JE Rl B 22 L 2K
2 MR MR RS AF B ) r A B g B AR OGRS SRR
(21, B mEk A5 1E 2. 5 kN/m, W {E P H 511 5,
Pehn:1: 1 WfE¥h 12.7 kN/m.1 : 2 W R 12.7
kN/m F1 6. 25 kN/m, AR GNE 4 Fros. B4 e f) 3
MER IERJEI T=10 min, % LFIEFE AT=4
min; 76BN HOEIHT, et 3 A~ 1 1 EE . KL BR Al
— LB . TR 52 R R A G e S 5 AL
A PT 225 Wy AR SR b AR A 1 2~2 ¢
L [R] At d X AN DI N 1 0 7 L AR SO B 9 Fib L
#.0:1,1:3,1:2,2:3,1:1,3:2,2:1,3

B 3 A4 A X I AL
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Fig.4 Biaxial tensile test protocol
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Tab.1 Elastic constants obtained without

the reciprocal relationship

E E

BFRE N ) - Y aNem K
Lst 1130 0.25  0.42 818 1.25
2nd 1648 0.19 0.37 1236 1.46
3rd 1788 0.15 032 1409  L.65
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Fig.5 Biaxial strain response

surfaces of the third cycle
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Fig. 6 Biaxial elastic moduli-stress

response surfaces (first cycle)
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Tab.2 Elastic moduli of biaxial cycle tensile tests
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ratios on the Poisson’s ratio
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Tab.3 Estimated parameters based
on nine stress ratios
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