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ABSTRACT: The work aims to carry out relevant experimental research to study the effect of EPE foam filling on the
out-of-plane cushioning performance of circular paper honeycomb. A series of out-of-plane quasi-static and dynamic
compression experiments were carried out on the circular paper honeycomb filled with EPE foam in two arrangements
(regular/staggered) and different filling patterns (bare, fully filled, five kinds of partial filling), so as to study the
out-of-plane deformation modes and energy absorption characteristics and compare the effects of different arrangements

and foam filling on the out-of-plane cushioning performance. For static compressions, compared with the bare honeycomb
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structure, EPE filling increased the average plateau stress and the energy absorption per unit volume by 10.1% and 8.9%

for the staggered arrangement pattern, and by 7.1% and 7.5% for the regular arrangement pattern, respectively. EPE filling

increases the maximum static stress of circular paper honeycombs, and the growth is more obvious especially for the

staggered pattern. At the same filling rate, the filling patterns have little effect on the cushioning performance of circular

paper honeycombs under out-of-plane static compression. For dynamic compressions, the arrangement patterns and foam

filling only significantly affect the dynamic cushioning performance of circular paper honeycombs under large loads. EPE

foam filling can improve the out-of-plane cushioning performance of circular paper honeycombs, and the staggered ar-

rangement pattern is superior to the regular one.

KEY WORDS: filled with foam; circular paper honeycomb; out-of-plane; cushioning performance; evaluation parame-

ters; energy absorption; deformation mode
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Tab.1 Experimental results of sample parameters and
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Fig.6 Compression deformation process of circular paper

honeycomb with regular arrangement of cell layers under

EPE

6¢c

static compression

EPE
6b

EPE

MPa MPa Joem™
SH-FD20-S1 0.92 0.87 0.49
SH-FD20-S2 0.95 0.87 0.50
SH-FD20-S3 0.94 0.86 0.49
0.93 0.87 0.49
RH-FD20-S1 0.79 0.75 0.42
RH-FD20-S2 0.84 0.74 0.42
RH-FD20-S3 0.84 0.76 0.43
0.82 0.75 0.43
SH-ED20-S1 0.95 0.80 0.46
SH-ED20-S2 0.90 0.78 0.44
SH-ED20-S3 0.95 0.80 0.45
0.94 0.79 0.45
RH-ED20-S1 0.85 0.71 0.40
RH-ED20-S2 0.76 0.68 0.39
RH-ED20-S3 0.85 0.72 0.41
0.82 0.70 0.40
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Tab.2 Drop hammer weights and static stresses

G-
10 10

EPE

EPE

Os

/ / /

kg kPa kPa

7 0.578 51 0.668 07
8.12 0.671 07 0.774 96
9.14 0.755 37 0.872 30
10.26 0.847 93 0.979 19
11.935 0.986 36 1.139 05
15.115 1.249 17 1.442 55
20.05 1.657 02 1.913 53

25 2.066 12 2.38595

35 2.892 56 3.340 33
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