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Comparison of Quasi-Static Compression Test and Impact Test with Auxetic Structures
Based on Tachi—-Miura Polyhedron with Graded Thickness

Kento SHIMANUKI, Sunao TOMITA*, and Kazuhiko UMEMOTO

Energy-absorption structures that utilize the geometry of origami are gaining attention as a method for
controlling the load-displacement characteristics of structures subjected to impact. Among the various origami
structures, TMP (Tachi-Miura polyhedron) based cellular structures exhibit unique mechanical properties,
such as a switchable load-bearing capability through transition between collapsible and load-bearing states.
This paper explores the influence of graded thickness of panels on the energy absorption performance and
buckling deformation of TMP-based cellular structures under a load-bearing state in both quasi-static
compression and impact tests. The cellular structures were fabricated using additive manufacturing techniques
as specimens. The results from both tests indicate that buckling of the entire structure can be suppressed by
inducing local buckling via thickness grading.Moreover, the TMP with graded thickness mitigated the initial
peak load, attributed to the viscosity of the material with increasing strain rate.
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Fig.1 Unit cell of cellular origami structure and folding motion of Miura-ori.
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Fig.2 Cellular structure composed of origami-sheets.
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Fig.3 Thickness distribution in test piece.
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Fig.5 3D-printed test pieces.

Fig.4 Test piece on the 3D printer platform.
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Table1 Mass and water absorption of test piece with 1.5-mm uniform thickness.

Test piece with 1.5 mm thick panel.

For quasi-static For Impact testing For Impact testing For Impact testing For Impact testing

compression test. at 34 m/s. at 4.6 m/s. at 6.3 m/s. at 85 m/s.
Mass in dry state (g) 406.0 408.6 409.2 409.8 412.2
Mass in wataer absorbing state (g) 4219 4243 4314 4319 430.3
Water absorbing rate (%) 377 5.15 512 421

Table 2 Mass and water absorption of test piece with thickness graded from 1.0 mm to 2.0 mm in increments of 0.25 mm.

Test piece with thickness graded
from 1.0 mm to 2.0 mm in

For quasi-static For Impact testing For Impact testing For Impact testing For Impact testing

. compression test. at 34 m/s. at 4.6 m/s. at 6.3 m/s. at 85 m/s.
increments of 0.25 mm.
Mass in dry state (g) 4025 395.1 399.2 394.9
Mass in wataer absorbing state (g) 4180 416.0 4182 417.0
Water absorbing rate (%) 371 5.02 454 5.30

Table 3 Mass and water absorption of test piece with thickness graded from 0.5 mm to 2.5 mm in increments of 0.5 mm.

Test piece with thickness graded
from 0.5 mm to 2.5 mm in

For quasi-static For Impact testing For Impact testing For Impact testing For Impact testing

. compression test. at 34 m/s. at 4.6 m/s. at 6.3 m/s. at 85 m/s.
increments of 0.5 mm.
Mass in dry state (g) 401.0 390.7 396.7 400.7
Mass in wataer absorbing state (g) 4145 409.3 4144 4202
Water absorbing rate (%) 3.26 454 427 464

(4) The Journal of 4D and Functional Fabrication No.3 (2024)
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compression test.
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(impact velocity 3.4 m/s).

Impact testing
(impact velocity 4.6 m/s).

Impact testing
(impact velocity 6.3 m/s).

Impact testing
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Fig.7 Deformation process of test piece with 1.5-mm uniform thickness.
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compression test.
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(impact velocity 3.4 m/s).
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(impact velocity 4.6 m/s).

Impact testing
(impact velocity 6.3 m/s).

Impact testing
(impact velocity 8.5 m/s).

Fig.8 Deformation process of test piece with thickness graded from 1.0 mm to 2.0 mm

in increments of 0.25 mm.
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Quasi-static
compression test.

Impact testing
(impact velocity 3.4 m/s).

Impact testing
(impact velocity 4.6 m/s).

Impact testing
(impact velocity 6.3 m/s).

Impact testing
(impact velocity 8.5 m/s).

Fig.9 Deformation process of test piece with thickness graded from 0.5 mm to 2.5 mm in

increments of 0.5 mm.
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Test piece with 1.5 mm thick panel.
—— Quasi-static compression test.

Impact testing (impact velocity 3.4 m/s).
Impact testing (impact velocity 4.6 m/s).
— — Impact testing (impact velocity 6.3 m/s).
————— Impact testing (impact velocity 8.5 m/s).

Test piece with thickness graded from 1.0
mm to 2.0 mm in increments of 0.25 mm.

—— Quasi-static compression test.
Impact testing (impact velocity 3.4 m/s).
Impact testing (impact velocity 4.6 m/s).
— — Impact testing (impact velocity 6.3 m/s).

= = = Impact testing (impact velocity 8.5 m/s).

Test piece with thickness graded from 0.5
mm to 2.5 mm in increments of 0.5 mm.

— Quasi-static compression test.
Impact testing (impact velocity 3.4 m/s).
Impact testing (impact velocity 4.6 m/s).
— — Impact testing (impact velocity 6.3 m/s).
- - - Impact testing (impact velocity 8.5 m/s).

Fig. 10 Force-stroke curves of test pieces.
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