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Table 1 Physical and geometrical parameters of
film material
Parameter Value
Thickness/mm 0.16
Fiber spacing/(root * cm 1) 10X 10
Fiber density/tex 220
Surface density/(g * m~?) 130
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(a) Geometrical size of envelop specimens

(b) Photograph of artificial cropped envelop specimens
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Fig. 2 Geometrical size of envelop specimens and photograph of

artificial cropped envelop specimens
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Fig.3 Tearing test schematic of PIC envelope specimens
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Fig. 4 Uniaxial tensile tearing model of

SEN envelop specimens
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Table 2 Parameters, test values and computational values of tearing strength of

SEN envelope specimens with different PIC lengths

Parameter Specimen

DC-10 DC-20 DC-30 DC-40
Initial crack L,/mm 10 20 30 40
PIC width ratio (L,/W) 0.17 0.33 0. 50 0.67
Crack tip length Ly, /mm 9.55 10. 50 11.00 10. 70
Cross-section area/mm? 9. 60 9. 60 9. 60 9. 60
Tearing load/N 1 058.212 778.208 569. 568 393.218
Test tearing strength/MPa 110. 230 81.063 59. 330 40. 960
Tearing strength calculated by model/MPa 108. 975 83. 491 61.773 45.293
Deviation of model/ % 1. 14 2.99 4.12 10.58
Tearing strength calculated by improved SIF method/MPa 110. 226 76.414 52. 864 33.413
Deviation of improved SIF method/ % 0 5.74 10. 89 18.43
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Tearing behaviors of envelope thin films used in stratospheric airships with initial cracks

LIU Longbin, LYU Mingyun® , XIAO Houdi
(School of Aeronautic Science and Engineering, Beihang University. Beijing 100191, China)

Abstract; In order to investigate the anti-tearing behaviors of envelop thin films with initial cracks, Kevlar fabric
reinforced envelope thin films used in stratospheric airships with prefabricated initial crack (PIC) were chosen and
the plane stress analysis method of elastic-plastic fracture mechanics was adopted. Considering the effects of slipping
friction between warp and weft, the tearing strength and deformation modes of film crack tips were analyzed. Physi-
cal model of crack tip tearing and arithmetical tensile deformation computational model based on friction effects were
established. The stress distribution of stress concentration area among crack tip was obtained. In order to verify the
rationality of the computational model above, specimens with PIC length of 10, 20, 30 and 40 mm were tested to ob-
tain the tearing strength, respectively. Results show that when PIC width ratio does not exceed 0. 50, the deviation
between calculated values of models and testing values is lower than 4. 12%. Compared with the improved stress in-
tensity factor theory, the computational model established above is more accurate, which provides an effective ap-
proach for the tearing strength design of stratospheric airship envelope.

Keywords: layered structure; tearing behavior; stratospheric airship; computational model; fracture toughness





