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Fig. 1 Schematic calculation model of multi-layer A-flute

corrugated cardboard
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Fig. 2 Multi-layer A-flute corrugated cardboard deformation patterns at different impact velocities(Ap=0.0674)
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Fig. 3 Deformation patterns of multi-layer A-flute corrugated cardboard at different relative densities (v=0.50 m/s)
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Fig. 4 Nominal stress-strain curves of multi-layer A-flute

corrugated cardboard under in-plane impact
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Fig. 6 Relationship between stress and impact velocity of
multi-layer A-flute corrugated cardboard platform under

different relative densities
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Fig. 8 Modeling energy absorption curves of multi-layer A-flute corrugated cardboard under different conditions
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4 it

ASCRAE S A RO, HREZZE AR
PR AR AEA [FLE B AT PN np e e . Bh 5
WAL, AR, R T HIAS U R 4518

1) Z)Z AR5 FUR AR 4 T A AR AR 352 il
JEFAH X BE A R0 o okl BE I ORI, A 1) WA 2R
GRS, SRR FCRRED S, OISR AN & 4 3=
P FUBRACHAR X BT, SRR 1 23R,
SR ARSI AT AR E

2) FEA RN AR RIEE N, BOFEN A E—
FEOGH 3 BE A iy IR AT SR AR . T RE R IOR
SRR G R AV DEEL /N R L FRLY S DN
I, BOEANARHOR; A ORI, SRR
BB/ FeT—4erh i e AT R sh A 5 1 42
Koo V15 77 il v o AR 285 8 A i 3
R, BAERBEE RS 2R A KGR R E— 2k,
W T 25 A R

3) ZJZ A B FLER AR Y S5 I RE Bl A e
R R IE RTTHG O AR O 22 A BRI
PrdH, JCRERICARE S, SR IR AESZ ol
JE SR

4) MARBECEAN AR50 25 A, i
SASRER ISR, S AT BT B 7 RE A
AT RE . SASRE RIS S I8 T AR F
FMZEPPERERIRLIR, O A O B R B4
g

S0k

(17 EF-ER, F #&, 5K BH. JETF CiteSpace HY FLP4RHL
BRI EF R 1 AT AL 234 (0], bt Bl
Bt 2024, 32(6): 61-66

[2] NAGANATHAN P, HE J M, KIRKPATRICK J. The
Effect of Compression of Enclosed Air on the Cushioning
Properties of Corrugated Fibreboard[J]. Packaging
Technology and Science, 1999, 12(2): 81-91.

[3] HOUSJ, SHUCF, ZHAO SY, et al. Experimental
and Numerical Studies on Multi-Layered Corrugated
Sandwich Panels Under Crushing Loading[J]. Composite
Structures, 2015, 126: 371-385.

[4]  SREFE . W RE I AR AT AR5 57 i A R R R AR
fUSNE [D]. Jo#h: TLRIR:, 2010.

[5] BIAGI R, BART-SMITH H. In-Plane Column Response
of Metallic Corrugated Core Sandwich Panels[J].
International Journal of Solids and Structures, 2012,
49(26): 3901-3914.

[6] ASLUND P E, HAGGLUND R, CARLSSON L A, et
al. Modeling of Global and Local Buckling of Corrugated
Board Panels Loaded in Edge-to-Edge Compression[J].
Journal of Sandwich Structures & Materials, 2014,
16(3): 272-292.

(71 Ak, BRrgT, XG5, & B TEFIRIGSGHE
W TOAR AR T PN # AS FE 4 VA A L 0], 24,
2020, 12(3): 69-80.

[8] IMEsR, A, BRI, %F. 22 UE A LGN
FEEH ST 22 PR RE (0], A TR, 2014, 35(13):
8-12.

(91 % Bk, sk, XVR¥, . REGKEEE M EHE
JE BT A AR B9 ) 2 RS (0], PR3l 5 vhifs,
2023, 42(13): 183-192.

[10] [ Z 5 i Mo B Ar B A 3 SRy, b el s v A A 3

Figs . AUFNARAR # AR S A EE S R B E Y-
75: GB/T 22895—2008[S]. db5t: i [EIHRHE H AL,
2009: 1-2.

- 86 —



D] THHE, %
% /2 A R EUARLRAR I P o 5 N A M A 5T

[11] REJAB M R M, CANTWELL W J. The Mechanical
Behaviour of Corrugated-Core Sandwich Panels[J].
Composites Part B: Engineering, 2013, 47: 267-
277.

[12] BRGE, FAM, P25, 55 . Ma 4R ki
ACRIHFLERATSE [J]. ke2# 4, 2023, 15(4): 68-74.

[13] & B, £ % . RIS S SR AE R v i T
Bl 3 AT (7). SR B0 e, 2024, 43(5): 214-
222, 238.

[14] WEIY C, TIANMJ, HUANGCY, etal. Topological
Study About Failure Behavior and Energy Absorption of
Honeycomb Structures Under Various Strain Rates[J].
Defense Technology, 2023, 24: 214-227.

[15] MOU X Z, LU L X, ZHOU Y. Evaluation of In-
Plane Compressive Densification Strain of Honeycomb
Paperboard[J]. Advances in Mechanical Engineering,
2020, 12(4): 216528581.

[16] TAN PJ, REID SR, HARRIGAN J J, et al. Dynamic

Compressive Strength Properties of Aluminium Foams.

Part I: Experimental Data and Observations[J]. Journal of
the Mechanics and Physics of Solids, 2005, 53(10):
2174-2205.

[17] ZHANG J X, YE Y, QIN Q, et al. Dynamic
Compressive Response of Sinusoidal Corrugated Core
Sandwich Plates[J]. International Journal of Applied
Mechanics, 2018, 10: 1850075.

[18] CHEN H C, ZHANG Y, LIN J M, et al. Crushing
Responses and Optimization of Novel Sandwich
Columns[J]. Composite Structures, 2021, 263:
113682.

(191 7%, Br B, FEfE, & e AR bt Lry
TESTHT [J]. 54k, 2018, 10(1): 1-7.

[20] WANG D M, BAI ZY, LIAO Q H. 3D Energy
Absorption Diagram Construction of Paper Honeycomb
Sandwich Panel[J]. Shock and Vibration, 2018,
2018(1): 4067062.

(eSS X W)

Research on In-Plane Impact Characteristics of Multi-Layer Corrugated Cardboard

WANG Mingqi, LU Fude

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The explicit dynamic finite element method was used to study the in-plane dynamic response and
energy absorption characteristics of multi-layer A-flute corrugated cardboard. The finite element model of multi-layer
A-flute corrugated cardboard was established, and the effects of different impact velocities and relative densities on the
deformation mode, densification strain, platform stress and mass specific energy absorption of multi-layer corrugated
structure were discussed. The results show that the higher the impact velocity and relative density, the more uniform the
in-face deformation pattern and the greater the densification strain, the stronger platform stress and energy absorption
capacity are equipped in the multi-layer A-flute corrugated cardboard. Empirical equations for dynamic densification
strains and platform stresses are given based on the energy efficiency method and one-dimensional shock wave theory
to characterize the dynamic load carrying capacity of multi-layer corrugated structures for in-plane impacts. Based on
the simplified constitutive relationship, a dynamic energy absorption diagram is drawn, and the relative density equation
and strain rate equation are fitted. Numerical examples show that the use of relative density and strain rate equations
can optimize material selection and structural design to maximize the cushioning effect of the packaging material under
given conditions.
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