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Energy Absorption Performance and Theoretical Model of Square Paper
Tube Under Axial Impact

LIAN Xiaogen', LU Lixin"*, PAN Liao"*
(1. Department of Packaging Engineering, Jiangnan University, Wuxi, 214122, China;
2. Jlangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology, Wuxi, 214122, China)

Abstract: To investigate the impact response and energy absorption performance of thin-walled square paper
tube under axial impact, dynamic impact and quasi-static compression tests were carried out by drop hammer
testing machine and universal material testing machine. The square paper tube has a similar progressive
crushing collapse mode in dynamic impact test and quasi-static compression test. The test results show that
the specific energy absorption and energy absorption capacity per unit volume of the square paper tube are
related to the side length and wall thickness ratio (¢/h) of the tube. With the increase of ¢/h, specific energy
absorption and volumetric energy absorption capability of the paper tube decrease rapidly. Furthermore, the
relationship between the crushing force and the impact velocity during the impact process is analyzed. Finally,
a theoretical model of energy absorption performance of the square paper tube under axial impact is proposed,
which has a good correlation with the test results. The proposed model can contribute to the application of
paper tube to the design of impact protection structure.
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Table 1 Mechanical properties of the composite paperboard
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Table 2 Specimen dimensions and test results of dynam -

ic impact test of square paper tube

Rk L/ o, h/ M/ v/ W/ s/ PL/
%5 mm mm kg (mes™') J mm N

Al 60 30,30,3.0 22 3.427 13522 28 4829
A2 60 30, 30,3.0 37 2423 118.76 28 4242
A3 90 30, 30,3.0 22 2424 67.65 14 4832
A4 90 30, 30,3.0 22 3.429 135.38 28 4835
A5 90 30, 30, 3.0 22 4.202 205.87 54 3812
A6 120 30, 30, 3.0 22 4.206 203.00 39 5205
A7 120 30, 30, 3.0 37 2.426 117.95 25 4718
A8 120 30, 30, 3.0 37 3.432 237.85 55 4325
Bl 60 65,75,3.0 22 3.430 134.70 24.5 5498
B2 120 65,75,3.0 22 3.434 13532 26 5205
B3 120 65,75,3.0 22 4.196 203.80 47 4336
B4 120 65, 75,3.0 37 2425 119.31 29 4114
B5 150 65,75,3.0 22 2420 67.55 14.5 4658
B6 150 65, 75,3.0 22 3.429 136.88 35 30911
B7 150 65, 75,3.0 22 3.426 13536 29 4668
B8 150 65, 75,3.0 22 4.200 206.11 56 3681
B9 180 65, 75,3.0 37 3.429 233.84 45 5196
B10 180 65,75, 3.0 37 4.198 359.03 91 3945
Cl 60 90,90,29 22 3433 138.26 40 3457
C2 120 90,90, 2.9 37 2425 121.12 34 3562
C3 120 90, 90, 2.9 22 3.425 135.72 31 4378
C4 150 90, 90, 2.9 22 2423 66.74 10 6674
C5 150 90, 90, 2.9 22 3.425 137.23 38 3611
C6 150 90, 90, 2.9 22 4.196 204.88 52 3940
C7 180 90,90, 2.9 22 3.426 140.54 53 2652
D1 60 50,50, 3.0 22 2423 67.25 12.5 5419
D2 60 50,50, 3.0 22 3426 134.23 24 5649
D3 120 50,50, 3.0 22 2421 67.19 12.5 5330
D4 120 50, 50, 3.0 22 3.431 134.79 24.5 5481
D5 120 50, 50, 3.0 22 4.198 201.48 35 5699
D6 150 50, 50, 3.0 22 4.204 202.17 36 5615

x3 FREEEBSESRHRTMRBER
Table 3 Specimen dimensions and test results of quasi-

static compression test of square paper tube

RS L/mm ¢, ¢, A/mm  s./mm P /N
A9 120 30, 30, 3.0 69.70 1939
B11 120 65, 75, 3.0 88.00 2081
C8 120 90, 90, 2.9 90.14 1953
D7 120 50, 50, 3.0 79.43 2723
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Fig.2 Comparison of specific energy absorption capability
of square paper tubes with various ¢/h and L at im-

pact speed of 3.43 m/s
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Fig.3 Comparison of volumetric energy absorption capabili-
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Fig.4 Force-time curves of paper tubes under axial impact
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Fig.6 Mean crushing force of square paper tubes at different impact velocities
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