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Design Method and Application of Cushioning Packaging Based on Information Fusion
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ABSTRACT: The work aims to explore the design method of cushioning packaging information fusion based on the
maximum acceleration-static stress curve to optimize the process and effect of cushioning packaging design. The
maximum acceleration-static stress curve was characterized in the form of a universal function. By introducing optimal
design criteria, a basic equation system for cushioning design was constructed. The mathematical and physical meanings
of this equation system were explained. The cushioning packaging design based on the maximum acceleration-static stress
curve was attributed to a problem of determining three design parameters with two constraint conditions. The stability
constraints and basic equation system were utilized to derive the critical equation for cushioning instability. The maximum
acceleration-static stress curve of the cushioning material was used as the basic information layer, and the fragility
parameter [G] representing the cushioning design objective, the product bottom area parameter 4 representing the
constraint conditions, and the cushioning instability critical equation were projected onto the basic information layer. By
fusing multiple layers of information, the boundary diagram of buffer packaging information fusion design could be
obtained, which enabled fast and accurate cushioning packaging design.
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Fig.1 Maximum acceleration-static stress curve
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Fig.2 Boundary diagram of cushioning packaging
information fusion design based on the maximum
acceleration-static stress curve
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Tab.1 Pad parameters for design point in different packaging cushioning zones

G AR X 0 J1/kPa BNk /g TR /em ZZrhnAYem’ aWES
DI AR 8.2 60 5 610 £ /24
D2 FAEBITIX 13 60 6 385 £/
D3 RS2 g gre 18 60 7 278 IR
D4 BT IX 15 50 7 333 /0 £
D5 fEEItIX 11 35 8 455 /s
D6 A EItIX 7.2 25 10 680 /A
D7 izt Ix 22 55 8 227 i) 44
D8 M 111X 15 28 10 333 IR
D9 MR IX 6 18 15 833 g (ARG R )
D10 BRI 8 90 4 625 IRy B
D11 SURTESIULNS 4 40 6 1250 (TG
D12 RARWIRIX 40 58 10 125 EN

4 ZEiE S5 Bl A BTt AR, AT U R0 AT AS [l s

AR SR HH — o2 T i KT B - 7 ) R T 2
2 b4 e (5 B Rl A Bt Jr ik, Il 2245 Bl
A L B E B AT AL

HTE RGN, o BT IR N R
Gtk ZHAR. ZLRBBTT R, A R R -
I S Rt 2 DL FH s O R AE , SIARIL BT
HEN, MR eh i AR DT R, i I ARRE TR
WA REEAT R, T R G b AR 5 07 2

8 A il 2 bR B4 e RN - N ) R
LG S IES R RARAREAT | IR A
FEE, BB AR AR A R 1) R R -
F I T RS ARt 2 B IR AT T AL B, RAG S

SO GRS AT % %
B, IR T R

SOt 0S8 B3, T B2 2
TR RIS I IR, R
PHECE. (i B R BB R, AT T
AR BRI

S E k-

(11 ZHEW. Yz aRsetM] 2 M. Jbat: Efkl T
ik AL, 2012 1-5.
PENG G X. Logistics Transportation Packaging De-
sign[M]. 2nd ed. Beijing: Printing Industry Press, 2012:



+ 220 -

(-

2025 4 3 H

[10]

1-5.

P 5 It Mo B A 2 g, vl D R R e A P
F4s. gt GB/T 8166—2011[S]. Jbat:
[ R AE A, 2012.

General Administration of Quality Supervision, Inspec-
tion and Quarantine of the People's Republic of China,
Standardization Administration of the People's Republic
of China. Package Cushioning Design: GB/T 8166—
2011[S]. Beijing: Standards Press of China, 2012.
FREWE, VESCA, BT E RN - ) 2Ry
NRBFSE[I]. A3 T, 1999, 20(1): 18-20.

GUO Y F, XU W C, ZHI W G. Application Research on
the Acceleration-Static Stress Curve[J]. Packaging En-
gineering, 1999, 20(1): 18-20.

KIPP W I. Developments in Testing Products for Dis-
tribution[J]. Packaging Technology and Science, 13(3):
89-98.

JIANG H Y, ZHAO D J, ZHANG W L, et al. Some Ob-
servations on Dynamical Cushioning Property of Over-
lay Cushion Combined with Dissimilar Materials[J].
Applied Mechanics and Materials, 2012, 200: 122-125.
WTE, BRBE, R, AR MR AR ZE b il R AR
SIBT[I]. ALEAAAR, 2018, 10(1): 1-7.

HUA G J, CHEN W, LU F D, et al. Analysis of Buffer
Curve of Honeycomb Paperboard[J]. Packaging Journal,
2018, 10(1): 1-7.

GE C F. Theory and Practice of Cushion Curve: A Sup-
plementary Discussion[J].
Science, 2019, 32(4): 185-197.

W, BB, HEEE, . Sb R r AR
FNERIRAT )], B3 TR, 2013, 34(23): 64-67.

HUA G J, ZHUAO D J, XIAO Y Z, et al. Discussion and

Analysis on Mathematical Connotation of Cushioning

Packaging Technology and

Pack-Aging Design Method[J]. Packaging Engineering,
2013, 34(23): 64-67.

W BRI 5 S A IR T A R —Fh 28w R i+ Jr
#: CN202110723776.6[P]. 2021-09-21.

Shenyang Railway Signal Co., Ltd. A Design Method for
Buffer Packaging: CN202110723776.6[P]. 2021-09-21.
WOk, T, FRUKME, . (5 BRLG BIS A REA J5 k
SR, Ak, 2003(4): 599-615.

PAN Q, YU X, CHENG Y M, et al. The Basic Methods
and Progress of Information Fusion Theory[J]. Acta
Automatica Sinica, 2003(4): 599-615.

[11] E

[12]

[13]

[15]

[17]

[18]

[19]

TN, 0, WA RS AT S RS R M.
nt: BREE A, 2009: 21-50.
WANG Z S, JIANG B, ZHEN Z Y. Fusion Estimation
and Fusion Control[M]. Beijing: Science Press, 2009:
21-50.
TR, WY, 2 AL REHE B S b 25k
[J]. #6505, 2001, 16(5): 518-522.
WANG Y N, LI S T. Multisensor Information Fusion
and Its Application: A Survey[J]. Control and Decision,
2001, 16(5): 518-522.
CHE X Y, MI J S, CHEN D G. Information Fusion and
Numerical Characterization of a Multi-Source Informa-
tion System[J]. Knowledge-Based Systems, 2018, 145:
121-133.
RAUL G, VICTOR R, HORACIO P, et al. On the Use of
Information Fusion Techniques to Improve Information
Quality: Taxonomy, Opportunities and Challenges[J]. In-
formation Fusion, 2022, 78: 102-137.
LEITE P N, PINTO A M. Fusing Heterogeneous
Tri-Dimensional Information for Reconstructing Sub-
merged Structures in Harsh Sub-Sea Environments[J].
Information Fusion, 2024, 103: 102126.
ZHANG Q H, YANG Y, CHENG Y L, et al. Information
Fusion for Multi-Scale Data: Survey and Challenges[J].
Information Fusion, 2023, 100: 101954.
BE AR, AL TIREE % ) B fE B RS 7 iR (D). e
IR MR TR, 2017.
ZHAO Y D. Research on Information Fusion Method
Based on Deep Learning[D]. Harbin: Harbin Engineer-
ing University, 2017.
PRUNTI 2L = A BN AT FRTTAL A ). LT s e - v
IR G R BRIk CN20231162956.8
[P]. 2024-07-19.
Zhuzhou Red Triangle Packaging and Printing Co., Ltd. De-
sign Method of Buffer Packaging Information Fusion Based
on Acceleration Static Stress Curve: CN20231162956.8[P].
2024-07-19.
FRUNTITZL = A A BT BRITAE A w]. — R AL
PRSI B T ARG CN202311630814.9[P].
2024-05-24.
Zhuzhou Red Triangle Packaging and Printing Co., Ltd.
Information-Visualized Cushion Package Drop Impact
Design Method and System: CN202311630814.9[P].
2024-05-24.



