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Development of Plastic Buffer Material

TERADA Kousuke, NAKANO Mirai, MITANI Ren

In recent years, there is a great need for lightweight, high stiffness structural technology that can realize fuel efficiency
improvement as CO, reduction measures to prevent global warming. For example, honeycomb panel as lightweight and high
stiffness panel is widely applied into various structure. However, honeycomb panel, which needs glue process, is very weak for
shear stress and hot temperature. Also rapidly developing home delivery industries need reusable / absorption buffer materials.
Therefore, innovative high stiffness structure technologies have been required. In response to these needs, Assembly Truss
Core Panel (ATCP) by using origami forming, suggesting the possibility to make much wider range of structure than before
has been developed, which was reported as lightweight, high stiffness structural technology in 2014. This paper presents not
only PP (Polypropylene) shock absorbing buffers as reusable ATCP with no glue, but also studies based on experimental tests

by using prototype ATCP and FEM analysis.
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Fig.3 Paper honeycomb panel

Fig.4 Sealed air buffer within cardboard
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Fig.5 Cutter machine for origami
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Fig.6 Various flange type
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(a) Deployment
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(b) Paper core
Fig.7 Appropriate flange design for regular tetrahedron core

(c) PP core
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(a) Deployment
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(c) PPcore
Fig.8 Appropriate flange design for regular octahedron half core
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(a) 25 regular octahedron half cores
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(d) Space filling with 81 cores

(b) 16 regular octahedron half cores

(c) 40 regular tetrahedron cores

o

(e) Outer holding 81 cores

Fig.9 Mat type ATCP buffer model with 81 cores and outer

(& 5lower regular octahedron half cores
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(d) 5 upper regular octahedron half cores

(b) Octahedrontop angle 6

(e) Spacefilling with 15 cores

(c) 5regular tetrahedron cores

(f) Regular pentagon outer holding 15 cores

Fig.10 Pentagon type ATCP buffer model with 15 cores and outer
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Fig.13 Printed various design on paper cores

o(mm):
Displacement

P (N):Load

Fig.15 Three points bending mechanism

Fig.14 PP ATCP buffer composed with 81 cores and outer box (size 350 X 350 X 55, PP sheet thickness 0.5mm, weight 634g)
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Fig.16 Three points bending tests for PP ATCP with 81 cores and outer (a = 65mm, PP thickness 0.5mm)
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Fig.17 Measured data by three points bending tests for PP ATCP with 81 cores and outer (a = 65mm, PP thickness 0.5mm)
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Fig.20 Drop test for PP Pentagon ATCP holding five eggs from height 1m
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Table 1 Material constants

E(MPa) | g, (MPa) | F(MPa) n v

1000 20.0 30.0 0.1 0.4

Load rod

PP ATCP

Support rods
(8 Three points bending test by FEM
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(b) View A

Fig.21 Three points bending test by FEM model for PP ATCP with 81 cores and outer
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(@ Virtua HCPFEM model without outer

(b) Virtud outer model

Fig.22 FEM models for virtual PP HCP
Table 2 Comparison between FEM model of PP ATCP and Virtual HCP without outer

Number of cores

Total area of cores (mm?) Size (mm)

PP ATCP 81

765958.7 325 X 325 X 46

Virtual HCP 653

758816.0 320 X 352 X 46
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(a) Column N and Row M invirtua basic HCP
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(b) Virtual basic HCPby FEM model (N=4, m=2)

Fig.23 Concept on virtual PP HCP

A2FER B

X 24 |2 FEM f#HTIC X % PP HLATCP DAEK & 2 —F
IG5, X 25 IR HCP O & S —¥ R /14y
ﬁ%m#.;~txmﬁ”ﬁl®ﬁ7 L~UL T4 T%*
LTW5. X262 PP ATCP s 1/ES 2 H 7= 3 siihf
WP RRER (< X D IERE S, PP HL ATCP & {45 HCP (oW
TP FEM il 45 2 /-9, FEM MRS & B8R 515
LAITZHEAIE, RO LB THAD.

(1) AR HCP A, KT 6 =15~ 25 mm 2B\ T#H

fIE P 13T 800N < B W THEIE W (X 26) L7320,
FEMPPICRET IR —E RIS IE (M25) %
259MPa CTHZ & L T2 A5l 24MPa % 18 %

TW5. ZOHZOHFRIGCHE o, DR EIL, MO

(c) 25 lower octahedron half cores

(d) 40 tetrahedron cores
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(b) 81 cores without outer and rods

(€) 16 upper octahedron half cores

Fig.24 Mises stress distributions for PP ATCP at ¢ = 50mm (Maximum Mises stress 23.8 MPa)
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Close up

(a) Overdl view

(b) Virtuad HCPwithout outer and rods

Fig.25 Mises stress distributions for virtual PP HCP at 6 = 25mm (Maximum Mises stress 25.9 MPa)
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Fig.26 FEM results and measured data by three points bending tests
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