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Abstract: In order to explore the quantitative characterization method of non-oriented acrylic sheet
fracture and the correlation between the fracture morphology of acrylic sheet and tensile temperature.
The non-oriented acrylic sheet for aircraft was used as the research object. Firstly, the size and
surface roughness of the mist region were measured by stereo microscope and 3D Laster Scanner
(LEXT). Secondly, the fracture was measured by box counting method. Finally, the energy
consumed by the rupture of the acrylic sheet to form the mist zone was estimated by two hypotheses
and was related to the fractal dimension of the fractured mist zone. The results show that when the
stretching rate is constant, the stretching temperature is raised from —55 C to 60 'C, the size of the
fractured mist zone I, is increased from 1. 257 mm to 4. 978 mm, and the surface roughness R, is
reduced from 0. 517 pm to 0. 330 pm. the fractal dimension D is increased from 1. 357 to 1. 579. The
fitting degree factors of the fitting curves of the tensile temperature and the size, surface roughness
and fractal dimension of the fracture foggy area are higher than 0.9, and there fitting degree of these
curves are higher. Therefore, the morphological parameters of the tensile fracture of the acrylic sheet
have a certain correlation with the fracture conditions, and the energy consumed in the formation of
the mist region of the acrylic sheet is positively correlated with its fractal dimension.
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dimension
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Fig. 1 Fracture macroscopic morphology of acrylic sheet
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Fig. 2 Feature patterns and its schematic diagrams

(a)“fireworks”pattern and its schematic diagram; (b) “feather” pattern and its schematic diagram
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Table 1 Tensile strength of acrylic sheet at

different temperatures

T/C ¢/GPa 5/GPa SD

—55 108.32 109.45 109.12 115.71 110.02 110.52 2.964
—20 98.29 96.01 90.50 95.77 95.95 95.30 2.878
0 73.32 70.80 71.31 75.06 69.82 72.06 2.108

23 68.94  65.77 68.57 68.94 68.95 68.23 1.387
60 43.81 44.05 43.53 43.80 43.76  43.79 0.185
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Fig. 3 Temperature-tensile strength fitting curve and error bar

of acrylic sheet
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Fig. 4 Fracture morphologies of acrylic sheet at different origin position

(a)flat angle fan source region; (b) right angle fan source region
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Fig. 5 Comparison of fracture morphologies at different temperatures (a) —55 C;(b)60 C
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Table 2 Characteristic region sizes at different temperatures
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Table 3 Surface roughness of the acrylic sheet fracture foggy

region generated at different temperatures

T/ C [1/mm l;/mm [5/mm
—55 0.193 1. 450 1. 257
—20 0. 383 1. 953 1. 570
0 0. 544 2.851 2.307
23 0.663 3.538 2.875
60 0.814 5.792 4.978
6 =/ —Polynomial fit of /,
e [, — Polynomial fit of /,
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Fig. 6 Fitting curves of feature region size
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Fig. 9 Schematic diagrams of programming process

(a)cropped SEM photoj; (b)binarization processed photo
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Fig. 10 Temperature-fractal dimension fitting curve
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Table 4 Consuming energy of acrylic sheet fracture of

foggy zone at different tensile temperatures

T/C Pixel mean value E

—55 25425 1452755, 01ap

—20 39804 1680441. 29ap
0 79169 2344721. 36ap
23 140915 3288203. 61ap
60 359135 5189752. 14ap
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Fig. 12 Energy-fractal dimension fitting curve
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