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In-plane compression properties of 3D printed continuous carbon fiber circular

improved honeycomb

MENG Yuncong , ZHOU Guangming , CAI Deng'an
(State Key Laboratory of Mechanics and Control for Aerospace Structures, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China)

Abstract: To improve the compression resistance and energy absorption performance of circular honeycomb (CH),
two improved honeycomb, single enhanced circular honeycomb (SEH) and double enhanced circular honeycomb
(DEH) were designed on the basis of CH structure, and leaf shaped supports were added horizontally and vertically.
Using carbon fiber (CF) as reinforcement and polylactic acid (PLA) as matrix, continuous fiber 3D printing techno-
logy was used to manufacture test parts, and the forming path of CF bundle inside the structure was designed, PLA
control group was set. The in-plane compression properties, energy absorption characteristics and deformation
failure modes of the honeycomb structures were investigated by quasi-static compression tests. The results show
that the specific energy absorption (SEA) of CF enhanced DEH-CF is improved by 167.63% compared with CH-CF.
The SEA are increased by 43.37%, 63.17% and 161.58% and mean crushing force are increased by 51.72%, 61.81%
and 96.09% compared with the PLA control group, respectively. The results indicate that the fiber path planning in-
side the CF reinforced structure would affect the stiffness and deformation behavior of the structure. The dynamic
Poisson's ratio of the DEH-CF using the "strut integrated molding path" during compression remains 33.36% lower
than that of the PLA control group.

Keywords: circular honeycomb; in-plane compression; continuous fiber; path planning; 3D printing; com-

posite material
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Fig.1 (a) Continuous fiber 3D printing equipment; (b) Processing diagram
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2 (a) BJEEESS (CH)-BRETHE (CF) bl (b) B mps ks
(SEH)-CF {5 (c) W43 [ JE 55 (DEH)-CF ifF
Fig.2 (a) Circular honeycomb (CH)-carbon fiber (CF) specimen;
(b) Single enhanced circular honeycomb (SEH)-CF specimen;

(c) Double enhanced circular honeycomb (DEH)-CF specimen
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r,—Radius of leaf support; ; ¢ —Radian of leaf support curve;
L, H—Width, height of honeycombs
[#13 (a) DEH Hifi /R 218 ; (b) SEH HUL S EHLE ; (c) CH BUBHL
Fig.3 (a) Diagram of DEH monocell; (b) SEH monocell forming path;

(c) CH forming path
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Table1 Geometric parameters of honeycomb

r1/mm r/mm ¢/(9) L/mm H/mm g/mm

10 14.14 90 60 60 20

Notes: r; —Radius of honeycomb outer circle; g—Thickness of
honeycombs.
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Fig.4 Forming path of DEH
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Fig.5 DEH printed by the path of "strut integrated molding"
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Table 2 Parameters of printing process

t,/mm Vi/(mmmin?) T;/C ny fg/mm
0.4 130 200 50 1.7

Notes: t,—Thickness of layer; V;—Speed of moulding;
Ty —Nozzle temperature; n; —Number of layers; tg—Honey-
comb wall and strut thickness.

®3 BEFKBHESH

Table 3 Parameters of honeycomb specimens

Type L/mm H/mm ¢g/mm m/g p

CH-PLA 61 61 20 18.1 0.24
CH-CF 61 61 20 18.8 0.24
SEH-PLA 61 61 20 31.1 0.40
SEH-CF 61 61 20 32.1 0.40
DEH-PLA 61 61 20 43.3 0.57
DEH-CF 61 61 20 44.9 0.57

Notes: m—Mass of specimen; p—Relative density; PLA—Poly-
lactic acid.
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Fig.7 In-plane compression stress-strain curves of different
honeycombs: (a) CH; (b) SEH; (c) DEH
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Fig.8 Compressive strength of honeycombs
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Fig.9 Deformation process: (a) CH-PLA; (b) CH-CF
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Fig. 10 Deformation process: (a) SEH-PLA; (b) SEH-CF
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Fig. 11 Deformation process: (a) DEH-PLA; (b) DEH-CF
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Fig. 12 Failure mode of honeycombs: (a) CH-PLA; (b) CH-CF; (c) SEH-PLA; (d) SEH-CF; (e) DEH-PLA; (f) DEH-CF
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Fig. 13 Side view of DEH-PLA and DEH-CF
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TABH T HREFLMNeq. S0 MBS

H ARSI, 380 1 % ) R IR 3 SR Y SEH 2544
FHAS CH 45 14 W2 g e P 38 F+ 38/, SEH-CF #H ¢
CH-CF # 7 10.98%, 1fii SEH-PLA #H % CH-PLA It
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Table4 Energy absorption parameters of each honeycomb

Type &d §/08" (Ser=SpLa)/SpLa M’ /KN (Mg = Mpy2)/ My
CH-PLA 0.76 3.62 — 1.45 —

CH-CF 0.74 5.19 43.37% 2.20 51.72%

SEH-PLA 0.59 3.53 — 3.09 —

SEH-CF 0.61 5.76 63.17% 5.00 61.81%

DEH-PLA 0.42 5.31 — 8.95 —

DEH-CF 0.59 13.89 161.58% 17.55 96.09%

Notes: ¢4 —Densification strain; S’ —Specific energy absorption; M’ —Mean crushing force.
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