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Trapezoid tearing behavior and damage mechanism of warp-knitted envelope fabrics
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Abstract; The trapezoid tearing behavior and damage mechanism of envelope materials were investigated.
Numerical simulation studies were conducted on a typical warp-knitted envelope fabric under a series of parameters,
considering the microscopic structure of the yarns and the nonlinear characteristics of the envelope material. First,
the numerical simulation method was verified by comparing the obtained results with experimental data. Then, the
damage morphology and tearing damage process under typical bias angles were analyzed by the numerical simulation
results. Next, the effects of the slit length and bias angle on the mechanical behavior and tearing strength of the
envelope material were discussed in detail. Finally, the shearing effect was introduced and the prediction theory of
off-axis trapezoid tearing strength of envelope material was proposed. Results show that the shape and extent of the
airfoil-shaped stress concentration zone in the vicinity of the slit were vital factors influencing the propagation
direction and tearing strength of slit. The evolution of the airfoil-shaped zone of stress concentration was obviously
affected by the slit length and initial bias angle of yarns. Slit length could interfere with the out-of-plane deformation
of envelope surface, the shape of slit tip, and the stress level of yarns. As the slit length increased, the fracture
displacement decreased significantly, whereas the on-axis tearing strength increased. Since the yarn direction could
exert complex effects on the airfoil-shaped zone and the stress level of the yarn, an inverted “V”-shaped
relationship was presented between tearing strength and yarn bias angle. The research findings can provide
reference for the slit arrest analysis and safety assessment of pneumatic membrane structures.
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Fig. 1 Typical microscopic structure of envelope material and a

specimen

IR 1 () Frn bR F o2
K T3 150 mm F1 75 mm @K SRR, 7RI,
FE_EFRICSENERRIE BRI IR Je 54k 78 SR Y
IR R e b S 3 R DI AE . S AR A
BER 0°RT, % B 4 YK E 5,15 .25 .35 mm; 7
EE 6 Jfi il A :0°15°,30° .60° 7591 90°, 4
LHISTIIM A, AR EAA Rt 24 B .
1.2 REEERMEH E

TR R AR Y5 Hb =X FL 7 J7 BRI AL UTMA4000,
RIHLA AL H AR 0. 001 ~500. 000 mm/ min, A8 ]
VL 10 ~800 mm, + 1% LN B . WHERIE AT
TP Je A iaRE 00 0 A7 F e Hor i) K b
AR . ISR A 10 mm/min (1) i1 58 R 0E 17
Frfd, AR E V) O 2B R i 2 A e
FRHTT . I HJE BE D3400 1515 R AR HLN i X B
PEATHALR S BNE MR AAALY FRRIE ST AR AR
RIS EIRE A (15 £2) °C AR R (65 £4.0) % .
2 ek IR am AR AL Y 2 T
2.1 HERIESSHIZE

W Z B R A 3 2 5K UIREER &

R, Horh 28 (1 20 2 Wp [F] i 41, 20 5 R i 22 1] Y
MEfE o Z A o TR 5 A i i



=30~ /S NS T A N - ¢

5 54 &

T 1) 2 rh 2 3 ik 2, A 2D AR SR RCR
FEARBAR ;2 ) DL SR AT e fih , Bh 45 56 4
TCARXT S 53 ) Z Mg S5 B R b AL 5 FL R A BB AL
BB, BN B A PR B BR AN T R A% 1 A8 A
IREESEN ;4 ) 2028 0 SRR 41 4k M K, AR S50k
ARG A, 28 LR m 2P 2R R N T - AR G R AN
2R, Hh 28 A 2b 4 H i 5 45 A Wl iR 5
PER B R AR [R] AR v, = 0.2 HA 385
RO 1, B 32 bl 2R It 1 M R i v i, LR
BiE, = 2 141.1 MPa HiHiiR £, = 36.0 MPa, JH#x
HE A v, =047 55 ) W B0 U SR FH ik 45407 ) 2
AP & RN P22 I AR A Yo (PSR TN
FN T AL 2 g G2 S K A B oy, =
508. 15 MPa, o, _, = 487. 71 MPa, 3£k o,,_, =
36 MPa, #FE Damage evolution & 37 b4 4} it 5t 45 1
AHEN

600 -
500 r
400 [

300

N /1/MPa

200

100

0 s 10 15 20 25 30
LAE /%
2 RA1-RrAT 4k 5 AN UK AR RMES

Fig.2 Stress-strain curves and material model for this study
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Tab.1 Material parameters of yarn
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Fig.3 Boundary conditions of numerical model andexperiment
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Fig.4  Comparison of tearing process between numerical and

experimental results under typical slit lengths
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Fig.5 Comparison between numerical and experimental results
under typical slit lengths



5 54 &

32 U NS N A N O ¢
800
R
—— i
600
#ZE 400 - :
&
200 -
0 2I0 4I0 6I0
fr#%/mm
(a) 15°fwfH
800
n —— AR
1 — XM
600} \
.
e, A
= 400 .w_.
200} \W
0 2IO 4IO 6IO 80 I(I)O
fr#%/mm
(b) 0°ffi f
E6 MERMAETHR - UBHAXBSHEERIE
Fig. 6 Comparison of load-displacement curves between

numerical and experimental results under typical bias

angles

(a) 15°fw

(b) 30°%ki £
7 HAREHMAETHESKAEHHSLETLE

Fig.7  Comparison of tearing process between numerical and

experimental results under typical bias angles
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Fig. 8 Stress nephogram of on-axis trapezoid tearing of envelope
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Fig. 10  Tearing strength for numerical models under different
slit lengths and bias angles
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different slit lengths and bias angles
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Stress nephogram of envelope material during tearing
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