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Fig. 1 Geometry of the composite structures with paper corrugation and honeycomb cores
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Tab.1 Yield strength at different compression rates

ZE 44 TE 4 1 2% 55— U Rk 55 W IR 55 = Wi R
KA /(mm/min) 5 Jy/(kPa) WA/ % Wi J1/(kPa)  RiAE/ % R J1/(kPa) AR/ %
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B B
48 225 13.75
12 114 26.63
C A%
48 106 13.75
12 115 13.72
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48 110 10. 38
12 165 2.88
3 W
48 190 2. 44
12 140 6.21 150 19. 33
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12 155 2.95 170 9.77
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48 160 3.24 180 10. 17
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Fig. 6 Failure process of single-sided composite sandwich structure (C3)
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Tab. 2 Energy absorbing characteristic parameters of composite sandwich structures

LR DALNGA EROATTRA

) JE 4 3 R % e H W B8
- ‘ % e i ik % i i
3l /(mm/min) /(D /g ‘ ,
/(J/m*) /(J/m*)
12 1.523 0. 08646 6552. 6 152. 3
B2
48 1.541 0.08743 6625. 8 154. 1
12 2,613 0.10817 7860. 1 261. 3
B3
48 2,637 0.10917 7932.2 263. 7
12 1. 349 0.07714 5561. 8 134. 9
C2
48 1.357 0.07761 5595. 3 135.7
12 2,472 0.10514 7216.9 247. 2
C3
48 2.543 0.10816 7424.5 254, 3
12 2,052 0. 08499 7463.6 205. 2
B2C
48 2,096 0. 08681 7623. 4 209. 6
12 3.023 0.16195 8086. 6 302. 3
B3C
48 3,070 0.10710 8186. 8 307.0
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Fig. 8 Stress and strain curves of the composite sandwich structures at different compression rates
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Fig. 9 Energy absorption comparison of the composite sandwich structures with different compression rates
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Fig. 11 Stress and strain curves of the composite sandwich structures with different corrugation types
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Fig. 12 Energy absorption comparison of the composite sandwich structures with different corrugation types
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Fig. 13 Stress and strain curves of the composite sandwich structures with different honeycomb thicknesses
Ak . WLEE A I AN [a] e 6 e 23 JBE 14 iR 7E A ) e 40 A8 A5 0 b 4 8 1k 22 S oK Jit IR i 8 22 5
W, 0, B2C-48 14 i 58 FE 8 53 591 24 120kPa . 160kPa, 170kPa ., Xf R (1) 1 25 5y 8. 69%6.23. 73%
32.01% .1 B3C-48 f¥) Jii Hiz 58 B {5 43 51 &y 125kPa ., 155kPa ., 195kPa, Xf Jij A9 i 28 {5 2 4. 55 % .10. 61% .

16.60%0 . X HE AT o 7 A Jt 1 56 B2 0 20 531 0 o A2 5 25 # b C LB LA B9 Ji il , B2C-48 5 B3C-48
T 1 Je M i A 22 S /N o TR T A S T 4 o B P, 20mm R J2 ALBE AY K 5 1L (9. 675/20) R T
30mm #55 e J2A FLBE K 98 HE (9. 675/30) , Jai AN B Sk, SLPE I 5 17 g (B /DN L B LR T A 5 B3C-

48 1 B2C-48 w5 it iR /Y 55 =~ IR 5% BE A B 48 K 2 57 . B3C-48 K F B2C-48, LLAH R 3 B & 46 B

TR AR T A ) L 30mm J5E 8 65 JEL AR J5E B2 SR T 20mm JREIE 6 L (45 B3C-48 1Y Ji IR 38 88 {0 X 7 174 1o A%
H/NT B2C-48, [ 14 gy il 1 A [l i Je J2 8 8 &2 6 e J2= 9 e o WAL 330 45 2R L 368 BE mT A5 A [ T 4
HAZRAF T AR EORE-3 W85 52 4 I 2 45 F A B0 AR A RE ek AL R RE IS R T 4R FL A -2 e s 2 5 2

4it .



%50 AT ACI- 0 A S A R 0 WS G R 5T 861

10000 7 c2 mmB2C 361 a2 s=gB2C
CIC3 EmBiC 3¢ EmBiC .
8000+ 4 o 30F EE) Sl
Ao N L
g | 2ab -
ng 6000F ot | A | o XS SR
5 177, 7 5 18 b t
£ 4000 | i t I N 0 | b e I
VA ¢ VA | 12t 722 | 7 |
! t via | ¥ b 7277 \
20004 | i v | ¢ ; 7
: 77, 06 4 | 77,
i | VA | VA | 7.
0 " i - - ! . L . 0.0 ; 1 i i 1 b
12Zmm/min 48mm/min 12mm/min 48mm/min
(a) PR AR fiE (b) G

P14 A ) 3 6 e )22 JE B2 ) A 5 )= 45 A E B IR MACU L

Fig. 14 Energy absorption comparison of the composite sandwich structures with different honeycomb thickness
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Cushioning performance of composite sandwich structures with
paper corrugation and honeycomb cores under static compression

WANG Xing-ning, GUO Yan-feng, FU Yun-gang, XIA Rong-hou, WANG Hui-chao
(Faculty of Printing, Packaging Engincering and Digital Media Technology, Xi'an University of Technology, Xi'an 710048, Shaanxi,
China)

Abstract: Aiming at the cushioning performance and energy absorption of the composite sandwich
structures with paper corrugation and honeycomb cores, the static compression behaviors and
deformation modes of sinusoidal corrugation sandwich structure, regular hexagonal honeycomb
sandwich structure and their composite sandwich structures are analyzed experimentally. The values
of the total energy absorption, specific energy absorption, unit volume and unit area energy
absorption of the composite sandwich structures are calculated, and the influences of compression
rate, corrugation flute and thickness of honeycomb core on the cushioning performance of the
composite sandwich structures are also investigated. The results show that, the composite sandwich
structures with paper corrugation and honeycomb cores are crushed layer by layer due to the difference
of the yield strengths of sandwiches, and the honeycomb cores are crushed after the collapsing of
corrugation cores. The influence of static compression rate on the cushioning performance of the
composite sandwich structure with paper corrugation and honeycomb core is not obvious. Under the
same condition of compression rates, the changes of corrugation flute and the thickness of honeycomb
have significant influences on the energy absorption of these composite sandwich structures.
Moreover, the composite sandwich structures consisting of paper corrugation sandwich with high
inertia moment and honeycomb sandwich with high thickness have favorable cushioning performance.
Keywords: composite sandwich structures; paper corrugation; paper honeycomb; static compression;

cushioning performance





