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Fig.1 Planar cellular structure plate model Fig. 2 Basic size of two geometric elements(unit: mm)
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1.2 PLA # Rl 1 MEE
K A W 1 it B BB FLTR (Polylactic Acid, fiFR PLA)AE N 3D $T BN &Y JE A4 B il 45 22 L 45 My ki 10
GO i B 7 RE IR B0 L 58 G R S HL A S0 56 3R A5 PLA MBI 1252 281, 3D 4T B 3 21 %0 15 JE il
Ak R FRFE 9 50mm , fER ST HE K 10mm/min, 525 B 40K 3Ca) Fr s , 1A B 2045 5 4
E 3(h) iR,
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Tab.1 Pre-crack parameters

it il 24 8 R Tt i 4 5 7 Tt 2L S {H AR T il 4 B H TR R

Imm X 12mm LRP 90° 1 1X 12-m90-1
Imm X 20mm LRP 90° 1 1X20-m90-1
4mm X 12mm i 90° 1 4X12-m90-1
Imm X 12mm g 45° 1 1X12-m45-1
Imm X 12mm LEP 45° 2 1X12-m45-2
ImmX 12mm 7Y &5 43 a5 45° 2 1X12- fp-45-2
ImmX 12mm LIRSS 90° 2 1X12- fp-90-2
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Tab. 2 Four basic unit sizes(unit: mm)
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Fig. 5 Schematic diagram of three-point bending of planar cellular structure plate
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Tab. 3 Model stress diagrams with different prefabricated crack parameters
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Tab.4 Model stress diagrams with different relative densities
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Tab. 5 Failure results of models with different prefabricated crack parameters
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Fig. 6 Failure results of models with different relative density
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Tab. 7 Maximum stress at the crack tip for different prefabricated crack parameter models

T RS S5 IERHIE B KN ) A M 5 K R )
1 12-m-90-1 40. 495MPa 40. 727MPa
1X 20-m-90-1 39. 290MPa 40. 710MPa
4% 12-m-90-1 39. 645MPa 39.937MPa
1X 12-m-45-1 40. 655MPa 39. 555MPa
1X 12-m-45-2 40. 148MPa 37. 496 MPa
1X12- fp-45-2 38. 819MPa 38.703MPa
1X 12- £ p-90-2 40. 156 MPa 37. 746 MPa
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Fig. 7 Regular hexagonal load-displacement curve Fig. 8 Concave load-displacement curve
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Tab. 8 Depression displacement corresponding to initial crack at crack tip

in different prefabricated crack parameter models

TESIE 2 IERHIE ALIFIA

1X12-m90-1 4. 23mm 13. 89mm
1X20-m90-1 5. 36mm 15. 36mm
4 X12-m90-1 4. 54mm 14. 95mm
1X12-m45-1 10. 17mm 21.61mm
1X12-m45-2 17. 68mm 31. 57mm
1X12- fp-45-2 22. 27mm 20. 53mm
1X12-fp-90-2 30. 55mm 24. 15mm
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Tab. 9 Maximum stress at the crack tip of different geometric shapes relative density model

LY BEJE 1mm BEJE 2mm
RHH 39. 798 MPa 40. 705MPa
RHV 39. 830MPa 34.770MPa

SQ 39. 063MPa 40. 940MPa
RTH 40. 250MPa 40. 281MPa
RTV 40. 374MPa 40. 250MPa
CCH 40. 259MPa 40. 132MPa
CCV 40. 602MPa 38. 418MPa
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Influences of prefabricated crack parameters and relative density on
crack propagation in planar cellular structures

ZHANG Xinru', DENG Qingtian', LI Xinbo', WEN Jinpeng®, SONG Xueli'
(1. School of Science, Chang’an University, Xi'an 710064, Shaanxi, China;

2. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621900, Sichuan, China)

Abstract: Based on finite element simulation and quasi-static three-point bending experiments, the
influences of prefabricated crack parameters and relative density on crack propagation of planar cellular
structures were studied. Considering the size, number, angle and position of the prefabricated cracks
and the relative density of the cellular structure plate, a total of nine groups of models were designed.
The stress diagram and load-displacement curve of the elastic-plastic phase of the model were obtained
and analyzed by finite element simulation software to reveal the corresponding mechanisms. At the
same time, a 3D printer melt wire was used to prepare the cellular structure model. And a
microcomputer control electronic universal testing machine was used to complete the three-point
bending experiment. The fitting analysis was carried out with the finite element simulation results to
verify the correctness of the conclusion. The results show that the larger the size and number of
prefabricated cracks there are, the stronger the ability of the model there is to inhibit crack initiation
and propagation. The relative density of the cellular structure has different effects on the inhibition of
crack initiation and propagation with different element shapes and element orientation models.

Keywords: cellular structure; prefabricated crack parameters; relative density; crack propagation



