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Quasi-static Compressive Mechanical Behaviors of Perforated
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Abstract: Due to the advantages of ultra-light, high specific strength and good cushioning performance, hollow-
sphere materials have a large demand in the fields of aerospace, automobile safety and so on. Its mechanical
properties are mainly affected by the microstructure. Quasi-static compressive properties of 3D printed hollow-
sphere structures with perforations were investigated experimentally and numerically. The effects of cell number,
hole diameter and spheres packing pattern on the mechanical properties of structures with two connections were
mainly analyzed. The results confirm that the deformation process of perforated hollow-sphere structures includes
the linear elastic stage, large plastic deformation stage and densification stage; when the number of cells in the
structure reaches 3x3x3, the mechanical properties are basically independent of the cell number; in general, the
specific modulus and strength of the structure having connection necks are larger than those of the structure having
no connection neck, while the specific energy absorption of the structure having no connection neck is larger than
that of the structure having connection necks; The compressive performance of face centered cubic (FCC) structure
is superior, followed by body centered cubic (BCC) structure, and the performance of simple cubic (SC) structure is
the weakest; the specific modulus, specific strength and specific energy absorption of simple cubic and body
centered cubic structures are linear with the hole diameter, and nonlinear for face centered cubic structures. It
provides a reference for hollow sphere materials design and applications.
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Fig.1 Connections between hollow spheres
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Fig.2 Perforated hollow-sphere structures with different connections
B UNEB TR « 9t E 3DIT BN SRR BH 124 1k BE
K 2 B M RHAL 522 (American Society for Testing
and Materials, ASTM)$Z{£ 1ID638— 1045 #E, #il25 br
AERLAPIR AR, B RS a0 El4a) firos , ZEAH R R 4T B
SEAF T AT ENRLAR AT, WL B 4(b), I AT BER KL
XHRPFREAT LA S5, A0 4(c) T -

‘l ﬂ N |

B3 EHEREE
Fig.3 Compression experiment setup
FEHEAT BB AV, SR P ART RS DR
PS8 BRAT R N 7] — WA T 24, 411 5 () PP 20 €
L s @REARYEIDIT EIF B SR AE A5 2., st B
ARG IE PR, B 1515 (a) i R FTo , Ho A
EN1700 MPa, i IR 58 Fy48 MPao AT, PR
R VA RA LE I ¥ M0.3 1 Abaqus 47 PR T i
575 SR R BB AR o T2 O R — o e BE



86 | N = =

39 %

SR8, A2 AT BR TC A AR AL IR, SR F 4R 43 52 5
TGSARIEAT A% K 43, 4 B 5(b) 7 » 485 44 JEG T P A
SR FH [ 7 29, A6 T000 ST AR 1 B 3 B 1m) T )AL % far
BB WP AR 5 540 2 8] s S T — T B ik, Fop
PRIAAT R R A B9, VIR0 AT N5 RE B 1 R AL
(A0.1) . RASTE A5 R T H & 1) H AT A B i
B ONIE B, A7 B8 U & R190% 20
64 mm. fizJ5 » F ] Abaqus i 3070 B 7347 VR
R

BT 387, 78 X4 LN S 1079~ AR T B DL &G
FIFESFTH I TR, 4 SN AR e e SO IEALFS
b5 GE R UE = P ) LA« S 22 AR 48 R~

(a) 1R
(b) 3D #T HR A
4 AEShHRIE
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Fig.5 Finite element model
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Table1 Results from experiment and simulation
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cell numbers
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