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ABSTRACT: The work aims to study the changes in elastic modulus and plastic deformation trend of biaxially oriented
polypropylene (BOPP) films after repeated stretching use. With 26 pym BOPP films as the research object, uniaxial cyclic
tensile tests were conducted with a maximum loading force of 1, 1.5, 2, 2.5, 3, 3.5, and 4 N for 15 loading cycles. The
effects of the cycle number and loading force on the elastic modulus were summarized and compared, and the trend of
film performance changes was analyzed. By comparing the elastic modulus and ratcheting strain under different cycles
under the same loading stress, it was found that under the preset loading force, the elastic modulus showed an increasing
trend with the increase of the cycle number, and the increasing amplitude gradually decreased. The ratcheting strain and
the change trend of the elastic modulus were consistent. By comparing the elastic modulus and ratcheting strain changes
under different loading forces by taking the mean, it was found that the elastic modulus first increased and then decreased
with the cycle number, while the maximum and minimum strains both increased with the number of cycles. The

experiment shows that the elastic modulus and the ratcheting strain of BOPP films increase with the increase of loading

Fs HEA: 2023-09-18
HEE&WB: =9 4 A#44#35 %7 A (202104AR040018 )
*EEEE



1 - % TR

2024 4E 1 A

force and cycle number. It provides certain predictions about the changes in film properties and provides guidance for the

selection of tension in actual processing.

KEY WORDS: biaxially oriented polypropylene film; uniaxial cyclic tensile test; elastic modulus; ratcheting strain
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Fig.2 Force displacement curve of BOPP film under uniaxial cyclic tension
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Tab.1 Mean elastic modulus under different loading forces MPa
I II/N
1 1.5 2 2.5 3 3.5 4
1 904.05 909.79 936.79 944.93 924.10 917.78 914.67
2 960.00 958.56 986.57 986.59 990.53 958.56 952.20
3 935.62 1 002.74 1 006.34 1 025.89 995.52 980.87 958.17
4 976.15 983.52 1017.51 1031.71 1019.90 982.39 947.07
5 964.70 1 002.26 1017.06 1 028.76 992.83 1 002.74 950.25
6 1 004.62 1014.07 1015.33 1023.92 1 029.70 985.80 952.47
7 987.61 1015.07 1 009.53 1 032.48 1 026.05 996.36 950.75
8 997.80 1 000.61 1014.74 1 029.48 1026.43 995.17 952.70
9 981.77 1 001.36 1017.40 1031.39 1 041.02 1 001.84 945.67
10 985.42 998.82 1032.53 1 025.07 1 021.06 998.86 950.90
11 993.56 1016.56 1018.09 1 035.15 1 047.55 999.07 943.30
12 987.94 1 007.17 1018.47 1027.22 1 034.50 1 007.39 953.18
13 1 009.75 1019.29 1017.84 1 029.95 1 035.07 996.08 946.44
14 998.07 1013.15 1 028.45 1032.77 1 044.10 1 004.08 950.40
15 1017.91 1018.20 1023.24 1 024.44 1 040.45 1 008.17 944.64
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Fig.4 Scatter plot of changes in elastic modulus-cycle number of sunder different tensile forces
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Tab.2 Elastic modulus-cycle number fitting model
M#EII/N LA R Yo 4, h
1 1001.2522 —123.8243 3.0247
1.5 1010.1864 —211.1454 1.346 3
2 1 019.9208 —206.375 5 1.098 5
—n
2.5 T 1 030.1730 —224.268 7 1.059 5
E= A1><e 1 +y0
3 1 036.0543 —165.390 7 2.106 6
3.5 1 000.7712 —152.656 3 1.604 0
4 949.8677 —364 915.204 4 0.108 1
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Fig.6 Cycle number-strain curve under different loading forces
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Tab.3 Minimum deformation-cycle number fitting model
1 0.140 42 —0.189 29 2.975 62
1.5 0.148 23 —0.196 84 3.3836
2 0.151 15 —0.259 92 1.777 25
2.5 Tn 0.245 61 —0.344 56 2.979 66
‘E‘min:Al><e ! + 0
3 0.258 26 -0.312 18 3.568 16
3.5 0.324 61 —0.457 93 2.629 92
4 0.493 61 -0.578 1 5.046 03
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Tab.4 Maximum deformation-cycle number fitting model
/N LG R Yo A f
1 0.476 93 —0.146 04 3.677 93
1.5 0.674 —0.142 93 3.372 12
2 0.814 98 -0.207 4 1.464 52
-n
2.5 T 1.192 09 —0.224 29 6.698 85
gmin:Alxe ! +Yo
3 1.341 16 —0.207 51 7.286 75
3.5 1.576 77 —-0.307 67 4.246 81
4 2.01509 —-0.382 99 6.134 67
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Tab.5 Mean strain under different loading forces
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